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In this presentation I want to discuss some of my experiences with young students working with near space.  Specifically with BalloonSats.
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The reason BalloonSats are used is because they’re a lot simpler than making a full up near spacecraft.  Students don’t need to have a radio license, which can take months to earn, and longer if a student isn’t motivated to study for one.  They don’t need to purchase or learn to use tracking equipment when tracking is going to be taken care of for them.  Students solely focus on their project, that is, making it large enough to hold everything while remaining under the size and weight limits.  Since near space looks and feels like near space, students feel as if they’re designing a model satellite.  This is motivating for students with a space interest, which is something most kids have before they enter high school.
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The typical BalloonSat, as constructed from the University of Colorado documentation, is essentially a foamcore box about six inches on a side.  The sides are glued together with hot glue and the airframe is covered in aluminum tape.  The avionics typically consists of a Hobo datalogger with internal temperature sensor, an external temperature sensor, an APS camera, a 555-based timer to operate the camera every three to four minutes, and some kind of passive experiment.  

The Hobo is a stand alone datalogger with eight bits of resolution and limited to a maximum voltage of five volts.  An APS camera is a cartridge-based film camera that’s limited to 40 exposures.  Both the Hobo and APS camera are pretty bullet proof.  The timers I’ve seen are commercial kits with large relays and requiring 12 volts to operate.  Passive experiments I’ve seen include insects and candy.    
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I’ve been involved with about half a dozen BalloonSat classes and workshops.  In a workshop setting, teams can put a BalloonSat together in two days, if they have half a day available each day.  In a classroom, since you’re combining BalloonSats with other curriculum and have limited time in the classroom, it takes closer to two weeks.  Teams should be limited to a max of four students or you end up with bored team members who are going to look for other things to do.  Some of those things may involve the hot glue gun or rubber bands. 
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Kids can stay pretty busy making their BalloonSat.  They have to plan a design and lay it out.  Then there’s the actual construction and test fitting.  This is frequently followed by modification, since most of the students I’ve worked with have never built a BalloonSat before or have the patience to carefully design an airframe.  
After construction there’s testing.  Tests usually involve thermal testing to see how cold the interior of the BalloonSat can get.  There’s the drop test to see that the BalloonSat will hold itself together during landing.  The function test ensures the BalloonSat can be put together in a reasonable amount of time at the launch site and that it will function as designed.  I have yet to see a BalloonSat fail these tests.  Except perhaps for thermal testing, as I’ve seen cameras quit working during a flight.
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There are some problems you can run into with BalloonSat classes and workshops.  
First, there’s the issue of weather.  BalloonSat workshops are usually limited in their days.  And if a launch can’t take place when scheduled, then the students will have built a BalloonSat that they will not see fly.  

The next problem involves the tools that the students are using.  Using hot glue guns and Exacto knives is a risk.  More with younger students than older ones.  But accidents can still happen.  Most schools are protected from simple accidents during class time, but a workshop may not be.

Next there’s an issue with the students in the workshop or classroom.  Some of them simply are not going to be interested in near space.  So in a classroom you’ll need to plan additional activities for these students so they stay out of trouble and don’t lead other students off-task.  It’s a bit easier for workshops since students shouldn’t be taking the workshop if they’re not interested in the workshop’s topics.  However, you can still find students who were signed up by their parents without student involvement, and find students who are only interested in some aspects of the workshop.     

BalloonSats need trackers.  Many classes and workshops take place during work days.  It can be difficult to line up trackers for a chase and recovery crew for a Wednesday morning launch.  So it’s best if you get your own amateur radio license and tracking equipment.  And don’t forget that you increase your odds of success if there’s more than one mobile tracker.

Finally there’s an issue of liability when students go on chase.  If a driver is not a bus driver, then accidents are probably not covered by the school.  Irate parents can unfairly shut down a program if their child is injured. 

But don’t let these things prevent you from participating in a BalloonSat class or workshop.  Just be aware there are risks that you need to stay on top of. 
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To make BalloonSats easier to make and warmer, I’ve experimented with their design.  And here’s what I came up with.  Instead of foamcore, use ½ inch thick Styrofoam.  It cuts better and it’s warmer and lighter.  The timers need to be simpler.  The timer I’ve seen has a heavy relay and needs 12 volts to operate.  So I’ve designed a timer circuit that’s lighter and runs from as little as five volts, but a 9 volt battery is cheap.  I also recommend adding electrical connectors to the timer and camera so they can be handled separately.  Most BalloonSats use a single central tube.  A single load line between BalloonSats will let them swing around a lot more than if several load lines are used.  Also, the additional load lines add redundancy should one of them be cut.  Of course the best way to prevent that is to use thin plastic tubes in place of metal ones.  The tubes are available at hobby stores and are made of Styrene.
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Advanced students can learn to program flight computers in place of the Hobo.  I’ve designed one specifically for BalloonSats.  An article on it is forth coming in my near space column in Nuts and Volts magazine.  It collects data like a Hobo, but can also operate experiments.  
If a camera timer is still going to be used, then the advanced students can solder the kit together.  This is typically done for college students.  

Finally there are digital cameras.  These will allow students to take more pictures during a mission.  Some digital cameras though shut themselves off if they’re not used within 30 or 60 seconds.  This is where a flight computer shines, because it can totally control a camera by turning it on before taking a picture and then shutting it off.  Having complete control over a camera prevents timers from trying to take pictures when the camera is dead.     
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There’s a lot to get excited about on launch day.  So try to involve the students.  If you can’t, then let them track the flight over Findu.  They can act as mission control and with the help of a licensed ham, they can communicate with the chase crew.  
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After recovery, there’s data to download and analyze.  With a Hobo, students will find out how cold their BalloonSats got over time.  If you’ll help them incorporate APRS data, then students can convert those mission elapsed times into altitudes.  Now they can take temperature data and determine at what altitude the Stratosphere begins. 

With just APRS data, they can also determine the wind’s speed as a function of altitude.  Now they learn something about the properties of the jet stream.
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If you have experience launching near spacecraft, then I encourage you to get a BalloonSat workshop started.  Feel free to contact me for or with ideas.  You’ll find information in my Nuts and Volts column.  Last year’s July issue specifically dealt with BalloonSats and I’m working on a second one.  ATV Quarterly is now publishing my stories on my near space adventures and some of those involve BalloonSats.  Are there any questions?
