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1.0 Introduction

Near space flight is a relatively inexpensive way for people to discover new areas in space. Near space flight is also quicker and easier compared to actual space flight.  Although the balloons do not reach outer space, the balloons do reach around 100,000 feet.  This is enough to get a wide selection of information that can be used in experiments of all different shapes and forms.  Experiments might include photography to make observations pertaining to the progression of blackness, balloon burst, and using UV filters; sending a Geiger counter up in order to test radiation. An experiment might even include a pressure sensor to check the accuracy of the Ideal Gas Law in the near space conditions. Solar panels could be attached to the sides of a payload module to take information about the solar energy and the power that is emitted by the rays of the sun. Learning about near space can also allow us to test equipment for other space related missions. 
Near space flights use weather balloons to take a payload up into near space. A large latex balloon is filled with helium and is released, carrying payloads that are designed to perform particular experiments. As the balloon goes up in the sky, the pressure inside the balloon relative to the atmospheric pressure becomes greater. The difference in pressure causes the balloon to pop and falls back down to earth. After the balloon pops, the payloads fall and are slowed by a parachute that opens upon the burst of the balloon. The experiments experience chaos as the balloon falls to earth and there is the possibility that some experiments may be harmed upon descent. 
Ballooning into near space can better inform us about the earth by sending these types of balloons and experiments up. They allow us to study where we live and what it’s like looking down upon earth from near space altitudes. We can study many things including the atmospheric pressure and temperature, radio signal transmissions, as well as other types of experiments on radio activity and other types of space like conditions. It can strike up interest to go further in research and actually go into or learn about outer space. All of these ideas can be investigated through taking a weather balloon and sending it up into near space.  This semester, our group had the opportunity to take part in this type of experiment in our Space Flight with Ballooning class and the University of Minnesota- Twin Cities. Our launch was sponsored by the Minnesota Space Grant Consortium.   
2.0  Mission Overview

Our mission is to make a payload box that can withstand the conditions all the way up to near space and then also successfully survive the rough trip back to earth.  The box will need to be stable and be able to withstand varying temperatures, pressures, and other near space conditions during its flight.  To keep the internal parts of the payload box working properly, we will add a heater along with an insulated box to keep a tolerable temperature for the instruments inside that are taking the data. We plan to take data recording the pressure and temperature inside the helium balloon to help us with our study of the ideal gas law. To do this, we will be placing a weather station with a temperature and pressure sensor inside the helium balloon. This will be used to calculate how temperature and pressure change with respect to altitude. There will be two methods of collecting the internal balloon temperature. We will use both our weather station temperature sensor and a HOBO to collect the temperature data just to make sure we have accurate results. Also for the study of the ideal gas law, we will need to record how the volume of the balloon changes with the change in altitude. This change in volume should be the result of the change in the atmospheric pressure. To record the volumes of the balloon, we will be placing a mirror on the outside of our payload box to get an idea of the changes in size to the balloon for the ideal gas law experiment. We will use pictures of the balloon to measure its radius and in turn, its volume. We also want to use the pictures from our camera to measure the progression of blackness in the atmosphere.  We will do this by placing a still camera facing outward of the payload box, and on the mirror, we will attach a grayscale to the mirror to observe the color change of the sky. The camera will be set at intervals to take pictures throughout the flight. In addition to the ideal gas law experiment and observing the progression of the darkness of the sky, we will be conducting a long term experiment by adding some flower seeds into our box.  We want to discover if there are any changes in the growing cycle and/or overall health of the plants once the seeds have been exposed to near space conditions.  We hope that through these experiments, we will gain a better understanding of near space conditions.
3  Payload Design

We designed a payload box that is 6X6 inches in the internal dimensions and is made of 1.5 inch thick insulating foam but it approximately 9X9 inches when considering the outside dimensions. The payload box was assembled using strapping tape and epoxy to ensure the stability and to make sure that a minimal amount of heat escapes during flight.  Inside of our box we need to have a still camera, a heater, a flight computer, a HOBO, weather station, and seeds.  On the outside of the box we will position two mirrors at 90 degree angles to assist us in taking pictures of the balloon’s size/diameter to calculate the accuracy of the ideal gas law in the near space conditions.  The camera will also be used to examine the progression of blackness in the atmosphere. To conduct this experiment, we will place a grey scale on the side of the mirror to compare with the color of the sky. One limitation that we had to keep in mind while constructing our payload box, is that it cannot exceed 2.5 pounds. In addition to our box, there will be payload boxes from the other groups, the balloon, a parachute, GPS for tracking, and a siren for the location of payload after flight.  In our box, all of the electronic devices will be connected to the flight computer. A battery pack and a heater will be in the box, but free standing from the flight computer. See figure 1 for the set up of our payload box.

Figure 1: 
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Inside our payload box.
Parts List:

	BASIC Stamp I flight computer and switch plate

	Battery pack for flight computer

	Weather station sensor inside balloon

	6" x 6" x 6" payload box built out of insulating foam

	Canon PowerShot A570IS 7.1 Mpixel Camera with SC memory card

	HOBO data logger (thermometer and relative humidity sensor built in)

	HOBO temperature sensor probe inside balloon

	Heater circuit and switch

	Battery pack for heater

	Apple Seeds

	


4  Project Management

[image: image3.emf]Org Chart
Schedule:

September 4:


-Introduced to near space flight.

      September 11: 


-Discuss possible flight experiments


-Discuss Payloads

      September 18:


-Learn to solder


-Discuss electronics that will be used in flight


-Start building flight computer

      September 25:


-Learn about HOBO, flight computer, sensors and cameras


-Conceptual design


-Begin building weather station

October 2:


-Get new parts for weather station and heater circuit

October 9:


-Completed weather station and heater circuit


-Completed Flight Computer


-Begin Payload Construction

October 16:


-Cut out payload box


- Finish all equipment construction

October 23:


-Test payload functionality and sturdiness


-Tweak payload


-Test package and instruments

October 30:


- Build mirror and mirror attachment

       - Last minute adjustments


-Get the payload ready to fly

November 1:

-Fly!

November 6:


-Data extraction and analysis

November 13:


-Learn to Calibrate data


-Calibrate data and put into graphs


-Work on final presentation

November 20:


-Final presentation


-Listen to other group’s final presentations

December 2:

· Team documentation due

5  Project Budgets
Money Budget:

	Cannon PowerShot A570 IS 7.1 Mpixel digital camera with SD memory card
	 $ 166.00 

	External (lithium) battery pack for video camera
	 $   10.00 

	BASIC Stamp I flight computer and switch plate
	 $   56.00 

	Battery pack for flight computer
	 $     5.00 

	Weather station sensor pack
	 $   29.00 

	Apple Seeds
	 $     1.00 

	6" x 6" x 6" payload box built out of Styrofoam
	 $     8.00 

	Disco Ball
	 $     5.00 

	HOBO data logger (thermometer and relative humidity sensor built in)
	 $ 105.00 

	HOBO temperature sensor probe
	 $   28.00 

	Heater circuit and switch
	 $     5.00 

	Battery pack for heater
	 $     6.00 

	Total
	$

416.00


Mass Budget:

	Object
	Mass in kg

	Cannon PowerShot A570 IS 7.1 Mpixel digital camera with SD memory card
	0.223

	External (lithium) battery pack for video camera
	0.080

	BASIC Stamp I flight computer and switch plate
	0.095

	Battery pack for flight computer
	0.110

	Weather station sensor pack
	0.162

	6” x 6” x 6” payload box built out of foamcore and foam
	0.180

	HOBO data logger (thermometer and relative humidity sensor built in)
	0.027

	HOBO temperature sensor probe
	0.010

	Heater circuit and switch
	0.027

	Battery pack for heater
	0.150

	Seeds
	0.004

	Mirrors 
	0.28

	Total
	1.32 kg

about 2.9 lbs


The Actual mass of our payload was 2.9 pounds. This was a slight bit more than the planned weight because we added a few things like the additional wires needed for our weather station to reach the balloon. We also had an extra switch plate in our payload because our first one did not work properly. Some other additional weight came from the two mirrors and a supporting system for the mirrors and the epoxy and strapping tape used to seal our box shut. 
6 Payload Photographs
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Preparing for launch by stringing our payload box to the other payload boxes and the balloon itself.
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Inside our payload box.
7  Test Plan 
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This is the weather station.  When we first submitted it to Dr. Flaten for testing, it was noted that the connections were missing between the power source wiring and the components.  To solve this problem we had to add solder bridges to connect the power source and the various sensors.  After another submission for testing we found that the pressure sensor works correctly but the temperature sensor still has faulty readings.  Every weather station tested had errors at this point. Our weather station was found to be wired incorrectly. The white cable was not attached to a pin on the temperature sensor and this had to be soldered again. 
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These are the wires that connect the flight computer and the face plate.  When we turn on the computer switch, the power was intermittent and we couldn’t find the source of error.  After isolating different parts of the connections we found that it was loose wiring or broken wiring in the power cord.  To fix this we re-soldered all of the connections to ensure the stability to the plugs.  There is no problem to the connections now, and the power is constant to the flight computer when the switch is on.  Our pin does not short the circuit but since the switch plate inside the payload box, and access to the pin is unimportant, the computer still works properly for our purpose.  See appendix 1 for the program we used with our flight computer.
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One of the mentors helped us upload a program to the memory card of the camera that allows the camera to capture pictures at regular 30 second intervals automatically. See appendix 2 for the written program. 
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This is our heater.  Our first attempt we connected our batteries they got extremely hot when it was supposed to make the resistors get hot.  At first we thought it was because the cage was touching some of the wire connections to the battery skipping over the resistors, but when Dr. Flaten looked at it closer, it was realized that our resistors and the switch were wired in parallel so the batteries were choosing to go to the switch instead of the resistors.  Instead we had to rewire it so that the switch and the resistors were in series.  Now the heater works.

The day before flight, we took a combination of ruler segments and balsa wood to construct a projecting frame that rigidly supported our mirrors. The mirrors were set on a foam block so they formed a 90 degree angle, making it possible to see up and down. Since the mirrors were small enough, we were also able to see directly out from our box. This system was not tested prior to flight because we did not have time but we knew it would work because we knew that the mirrors would stay placed directly in front of the camera.

As the flight day came, we found that there was not sufficient time to build our disco ball. Not only that, but our payload had already exceeded the weight limit so it was reasonable not to pursue the disco ball experiment. 
8 Science Results

The atmospheric pressure decreases as altitude increases.  Figure 1 representing this is as follows:
 SHAPE  \* MERGEFORMAT 



Our team’s data representing the relationship between the pressure and the altitude came from our flight computer. We took the data, calibrated it, and were able to graph the results with respect to time.
The temperature of the atmosphere varies with respect to the altitude depending on which part of the atmosphere it is in. The temperature fluctuates between increasing and decreasing as the altitude increases. A graph showing this is below. It compares the internal temperature of the balloon, the internal temperature of our payload box and the temperature of the atmosphere.
 SHAPE  \* MERGEFORMAT 



It can be seen from the graph that the intermal box temperature slowly increased at the very beginning. This is because we turned our heater on. Then, when we launched the payload, the temperature decreased as the payload reached higher altitudes. At a certain point, called the tropopause, the temperature began to increase again. This is because the tropopause is a point in the atmosphere where the temperature fluctuates. The temperature does not decrease linerly with time.
One of the other lines depicts the temperature data read by the weather station that was inside of the balloon during the flight.  The temperature at its lowest point, approximately -60 degrees Celsius, is very close if not the same as the external temperature of the air.  This could have been because we were unable to fit the support tube that held the weather station upright inside of the balloon. Because of this, our temperature readings may be inaccurate because the temperatures were taken while the sensors were resting on the side of the balloon, taking close to external atmospheric temperatures instead of internal balloon temperatures. After the temperature hit its lowest, it was in the tropopause and the radiation was not blocked and started to heat the air around the balloon to about -35 degrees Celsius. It should be noted that at the time of the balloon burst, our temperature sensor was ripped off and therefore, the readings were not accurate and the results were not included in our graph.
9 Launch and Recovery
On flight day we met our team at Starbucks to start off our day with a bonding experience, and to make sure we were all at Akerman before the buses left without us.  Then we met the other teams to travel to the launch site from a church in Wisconsin.  On the way we stopped at McDonalds for a breakfast and coffee stop, as well as potty break. When we arrived at the church Professor Flaten had all of the payload packages set up on a tarp in the order that they were going to fly.  The balloon was attached at the top along with the parachute to help with the descent. Our balloon was directly under the parachute because it needed to be close enough that our weather station coupld reach up to the inside of the balloon. Then we attached to the Random Guys, who then attached to BBBBC, finally was Team Sweetness. There were also two extra packages equipt with a GPS tracking system as well as a siren to help us locate our payloads after they reach the ground. We all prepared our packages for take off.  We had to turn on the heaters to start warming the inside of the payloads, as well as the HOBO and the flight pin was pulled to start the data collection.  Our group also had to start the camera for taking pictures of the progression of blackness of space and to try and measure balloon size through a mirror contraption. Once the balloon was filled with enough helium to lift 13 pounds, we released it to head to near space, carrying our payload boxes. We tracked the balloon with the GPS in the van. Not all class members could stay for the entire chase, so one van left after the launch to take those people back to the University. The balloon eventually reached its peak altitude and popped at around 89,000 feet.  When it reached the ground again it landed perfectly in a line in the front yard of a farmhouse.  After recovery we opened our package and found that everything was intact.  Our heater worked throughout the flight and kept all of our electronic devices working properly.  We found that the thermometer that was in the balloon broke off during balloon burst.  Unlike other groups, the inside of our payload was neither extremely cold nor was it frosty. 
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This was before the launch. Notice the balloon being filled with the helium gas as well as the orange and black parachute below it.

[image: image13.jpg]



This is a picture of the balloon being released. Dr. Flaten and two mentors helped straighten out the payload boxes to makes sure they were as level as possible.
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This is right after the balloon was released and was heading up to near space. Our Payload is the uppermost box.
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This is a picture of the screen inside the van that helped us track where our balloon was by using the GPS.
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These are a few of the students in the van during the balloon chase.
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This is where our payloads landed. 
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This is when we were opening our box after the flight to turn off the flight computer and heater. We also took the camera out.
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Celebrating after a successful flight!!!

10 Results and Analysis
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This is a map of the location of the balloon during the flight.  The GPS in the van tracked the balloons progress while the group followed on the ground

[image: image22.emf]
This is a graph of the altitude that the balloon reached during flight.  The last reading was around 89,000 feet.


As time increased, as we got further into the flight the volume increase three times as much as the original volume and this volume reading is the last reading before burst.  The rate of increase of the volume was not constant but grew exponentially during the flight up until the balloon burst.  
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This is a graph showing altitude and pressure verses time in seconds starting from launch. It is a little difficult to tell, but the volume increased as altitude increased until burst, which happens at about 90,000 feet.
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We put the weather station inside of the balloon to take the temperature and pressure of the inside of the balloon.  The pressure of the balloon as the flight went on decreased with the pressure outside of the balloon.   We believe that they were very similar because the weather station was resting on the skin of the balloon.  The pressure of both the internal and external were the same on the way down because the balloon had popped.  
[image: image25.png]P*V/T (normalized)

1.60

1.40

P*V/T (normalized) vs Time

10 20 30 40 50 60

Time in Flight (min)

70

# Seriesl





This graph is showing the relationship between Pressure times Volume divided by Temperature.  If the ideal gas law was completely proved by our experiment each point should have been at 1.00.  Although the graph looks like the points are random, if the numbers were all averaged together they would end up equaling close to 1.00.  Reasons for them being different the pressure sensor was designed to take the pressure of air and the gas inside of the balloon was helium and because the weather station was on the skin of the balloon so the temperature was closer to the outside temperature.  
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The internal temperature of our box remained much warmer than the external temperature.  The red line is internal balloon temperature and it lags slightly behind the external temperature because it has to cool and warm from the outside to the inside of the balloon.  We think that it would have been an even greater lag if the weather station would have been in the center of the balloon as it was intended to be.  
11 Conclusions and Lessons Learned

This class was a great opportunity for our group, as well as the rest of the students in our class to learn more about near space flight. We learned a lot about the different conditions in the atmosphere as altitude increases. Our group was very new to this sort of thing and we learned a lot. First of all, we all learned how to solder which in turn helped us build a heater, a flight computer and a weather station. All of these things helped us in our study of the ideal gas law. We all learned what it means to work in a team, share responsibilities and duties and get things done on time. We learned that is not good to wait until the last minute to get things done. We also learned that technology can be really frustrating and it is very important to back up the work you have done. Our group got along very well and was able to complete everything to the best of our abilities and on time. Sometimes, we did things incorrectly but we always managed to figure them out and all of our equipment ended up working properly. If we had the chance to do something like this again, we would probably have more meetings. It is a great chance to bond with teammates and have a good time. Of course, it would also mean that we would have more time to work on our experiment and perfect some things that did not go so well during the first flight. In our case, some of these things would include fixing the mirror system we used to take pictures of the balloon and making sure that our weather station was centered in the balloon and did not touch the sides of it. Other than that, things went really well. As a team, we do have some words of advice to offer up. They include:
1) Hot glue, true to its name, is very hot. We found that out the hard way when Cait burnt her finger.

2) Utility knives are essential. They often come in handy when building everything, so never be without one!

3) Never be afraid to ask for help. Better safe than sorry! We found that asking for help is a good idea and makes things way less frustrating!

4) Nose always goes! This decision-making game helped us solve a lot of team problems and is a good way to help your team make decisions and get things done. 
Appendix 1:

Default program used in BASIC Stamp I Flight Computers.

' {$STAMP BS1}

SYMBOL ADC_CS = 5

SYMBOL Clocks = B4

SYMBOL CLK = 1

SYMBOL DATA = PIN2

SYMBOL VALUE = B2

SYMBOL Loop = B5

SYMBOL X = B6

SYMBOL I = B3

SYMBOL ShiftReg = W0

SYMBOL GetMSB = $800

Main:

  'BalloonSat loop will infitiely wait for the balloon pin pull

    BalloonSat:

    DEBUG "        pintest "

  IF PIN3 = 0 THEN BalloonSat

 Mission:

  DEBUG "Mission loop (re)started:"

  GOSUB Analog_IO

  IF PIN3 = 0 THEN End_Mission

  PAUSE 300

  GOTO Mission

  Analog_IO:

FOR X = 0 TO 36 'Each analog probe will store 36 data points

     DEBUG "X = ",X, CR

     FOR I = 1 TO 5

      PAUSE 60000 'wait 1 minute each time through loop above

    'PAUSE 1000 'Pause 1 second only, for testing purposes

    NEXT I

  FOR Loop = 1 TO 3 'Loop dictates which of the three Analog-to-Digital pins is read. The converter itself is connected to pin2 of BS1.

    DEBUG "Loop: ",Loop, CR

    'Send_Channel. Clears Analog-to-Digital converter and prepares it for reading

    LOOKUP Loop, ($C,$E,$D,$F),ShiftReg  'Sets which A-t-D Converter pin is being dealt with

    ShiftReg = ShiftReg *256

    LOW ADC_CS

    DIR2 = 1

    Clocks = 4

    'ShiftOut. Continues to prepare Analog-to-Digital converter for reading (via pin 2)

    DIR2 = 1 'Sets pin2 as output

    FOR I = 1 TO Clocks

      PIN2 = ShiftReg/GetMSB

      PULSOUT CLK,10

      ShiftReg = ShiftReg * 2

    NEXT I

    'Read Channel

    'This loop reads a binary number from the analog to digital converter, one clock tick at a time onto pin 2.

    'Value will hold the decimal value which is the voltage at the analog pin

    DIR2 = 0 'Sets pin2 as input

    PULSOUT CLK,1

    Value = 0

    FOR I = 1 TO 8 'Binary to decimal conversion

      Value = Value * 2

      HIGH CLK

      Value = Value + PIN2

      LOW CLK

      DEBUG Value, CR

    NEXT I

    HIGH ADC_CS

    I = Loop*36+X

    WRITE I,Value

  NEXT Loop

NEXT X

End_Mission:

DEBUG "end mission"

END

Appendix 2:
Default program used in Canon AS570IS Power Shot digital still cameras

rem Interval shooting

rem For Canon A570IS

rem CAMERA MUST BE IN AV (aperture priority mode)

rem For 3 hour MNSGC flight photo every 30 seconds

@title MNSGC Intervals

@param a Shoot count

@default a 360

@param b Interval (Minutes)

@default b 0

@param c Interval (Seconds)

@default c 30

d=1000

rem reset camera

sleep d

click "menu"

sleep d

click "right"

sleep d

click "up"

sleep d

click "set"

sleep d

click "right"

sleep d

click "set"

sleep 3000

rem set menu values

sleep d

click "menu"

sleep d

click "down"

sleep d

click "down"

sleep d

rem Digital Zoom off

click "right"

sleep d

click "down"

sleep d

click "down"

sleep d

rem Red-Eye off

click "right"

sleep d

click "down"

sleep d

rem Safety FE off

click "right"

sleep d

click "down"

sleep d

rem set MF-Point Zoom off

click "right"

sleep d

click "down"

sleep d

rem Safety MF off

click "right"

sleep d

click "down"

sleep d

rem AF-assist Beam Off

click "right"

sleep d

click "down"

sleep d

rem Review off

click "left"

sleep d

click "down"

sleep d

click "down"

sleep d

rem IS Mode = Shoot Only

click "right"

sleep d

click "menu"

sleep d

rem set apeture to 2.5 by overkill

for n=1 to 10

   sleep d

   click "left"

next n

rem select manual focus

sleep d

click "down"

sleep d

click "down"

sleep d

click "down"

rem set focus to infinity

for n=1 to 10

   sleep d

   click "right"

next n

t=b*60000+c*1000

if a<2 then let a=10

if t<1000 then let t=1000

print "Total time:", t*a/60000; "min", t*a%60000/1000; "sec"

sleep 3000

click "display"

click "display"

shoot

for n=2 to a

    sleep t

    shoot

next n

end
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