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Abstract

In 1998, Florida Tech students submitted a proposal to NASA for a passive SEM package.  In February 2000 Florida Tech was informed that the proposal was accepted and given a reservation on STS-106.  Titled Scientific and Instructional Ballast Alternative Device (SINBAD), it was formatted as an outreach between Florida Institute of Technology and Eau Gallie High School.  SINBAD is made up of four experiments:  the Acrylic Latex Caulking experiment (ALC), Palm Trees In Space (PTIS), and Popcorn in Space (POPS), all located in the main compartment, and the Thread Resonance Indicator (TRI), located in the back electronics compartment.  The TRI is the first experiment in SEM history to run in the electronics compartment.

SINBAD flew aboard the ten-day flight of STS-106.  During the de-integration after the flight, the ALC was observed to have changed in appearance:  The smaller balls had melted together and all test tubes contained a residue.  All of the test tubes also had lost weight.  

The TRI used aluminum strings to test the vibrations occurring during space flight.   After the flight, the TRI had no breakage of the strings, however many were bent and the some of the solder cracked off in the removal of the TRI from the compartment.  It is proposed that the TRI be redesigned if the experiment is to be conducted again.  

The PTIS seeds were planted.  However, after a three-week period no growth has occurred.  This time period is not outside that of the range given for the growth of the seeds.  

POPS, designed to research the effects of radiation from space flight on the seeds, was tested in two formats.  After the flight, POPS seeds were exposed to Kodak X-Omat TL film.  The seeds were also planted to see if a difference in growth due to exposure would be present.  Due to the short period of half-life not enough radiation was present to affect the film.  At the time of the report no growth of the popcorn seeds had occurred.  
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1.0 Introduction

1.1 Background
The Scientific Experimental Module (SEM) program was designed by NASA to encourage outreach in science among young people.  Each SEM canister allows for ten individual SEM experiments.  SEM-08 contains three canisters, of which, 12 experimental packages from schools all over the United States of America were flown.  NASA provided the outside frame of the package.  There are two types of SEMs: an active, which utilizes power and records data, and passive, which does not. 

The first step in the SEM program is the admittance of a proposal.  Once the proposal is reviewed and accepted by NASA, the team awaits for a shuttle date to be assigned to the SEM package.  Upon the assignment, the team is given a timeline for the development of the experiments and eventual integration.  

In 1998, Florida Tech students submitted a proposal to NASA for a passive SEM package.  In February 2000 Florida Tech was informed of the acceptance of the proposal and the reservation of a place on STS-106.

1.2 SINBAD

Formatted as an outreach between Florida Institute of Technology and Eau Gallie High School, SINBAD is four fold in direction. The main compartment contains the Acrylic Latex Caulking experiment (ALC), Palm Trees In Space (PTIS), and Popcorn in Space (POPS).  The Thread Resonance Indicator (TRI) was designed to fit in the back electronics compartment.  The TRI is the first experiment to run in the electronics compartment in SEM history.  The ALC experiment was formatted to test the emission of water vapor from its components, which may have an effect if used as a sealant for experiments.  PTIS is designed to test the durability of palm tree seeds after being flown in outer space.  POPS measured the effects of space flight on the seeds.  The TRI was designed so that the natural frequency of its strings matched the main vibrational frequencies occurring in the shuttle on lift off and landing.  

2.0 Purpose and Formation

2.1 Acrylics Latex Caulking experiment (ALC)

Materials: 

Alex Dap Painters Acrylic Latex Caulking (Brilliant White)

Composition of water in ALC material used: 

Mineral Spirits VOC Less water, Less exempt 65-70gm/l, VOC material 45-55gm/l

This experiment was specifically formatted to test the composites of the ALC material in a space environment.  ALC material is used as a sealant for a myriad of purposes in space.  Combating against the harsh environment of space, the SINBAD researchers wanted to determine if it was possible that the ALC material could be interacting with the experimental results of the projects it was used to seal, in particular adding water vapor.  

The ALC material was allowed to dry until it reached a state of putty in which the SINBAD team formed it into various sized spheres.  The test tubes were filled with an inverse proportion of size to number of spheres.

         Table 1: ALC Detailed Account

	Test Tube Number
	Contents
	Description

	6
	Acrylic Latex Caulking
	22 small balls

	7
	Acrylic Latex Caulking
	9 medium small balls

	8
	Acrylic Latex Caulking
	6 medium balls

	9
	Acrylic Latex Caulking
	2 large elongated balls


2.2 Palm Trees In Space (PTIS)
Materials:

Queen Palm Tree Seeds, Courtesy of Florida Tech’s Botanical Garden

PTIS was designed in the tradition of SEMs to see if a palm tree seeds could grow on earth after having been exposed to space.  Five seeds were flown, each in their own test tube.   The seeds were slightly larger than the openings to the test tubes so the sides were slimmed down with a grinder.  The SINBAD researchers are unsure of the total consequences of exposing the seeds to the grinding.  

       Table 2:  PITS Detailed Account

	Test Tube Number
	Contents
	Type of Seed

	1
	Palm Tree Seed
	Queen Palm Tree

	2
	Palm Tree Seed
	Queen Palm Tree

	3
	Palm Tree Seed
	Queen Palm Tree

	4
	Palm Tree Seed
	Queen Palm Tree

	5
	Palm Tree Seed
	Queen Palm Tree


2.3 Popcorn in Space (POPS)

Materials:

Newman’s Own Picture Show Popcorn (no butter or salt)

The CANDO program has taken the first steps in the analyzing of popcorn seeds (Appendix D). Therefore SINBAD was requested by NASA to research the amount of radiation the seeds enveloped during space flight.  

The test tubes containing the popcorn seeds were divided into full, ½ full, ¼ full, and less than 1/8 full.  Only three of which the researchers were able to do two fold.  This was due to the weight requirements of the package.  A control sample will accompany the flown sample in all forms of testing.

      Table 3:  POPS Detailed Account

	Test Tube Number
	Type of Seed
	Description

	10A
	Popcorn 
	½ full,  80 seeds

	10B
	Popcorn
	½ full , 80 seeds

	11A
	Popcorn
	Full , 175 seeds

	12A
	Popcorn
	¼ full, 40 seeds

	12B
	Popcorn
	½ full, 40 seeds

	13A
	Popcorn
	10 seeds

	13B
	Popcorn
	10 seeds


2 4 Thread Resonance Indicator (TRI)
Materials:

Frame - 0.375" Al flatstock

Mounting- 2(6-32 X 3/4") zinc screws round head

Wire- 0.13" Diameter, 28 AWG, Al

Holding of strings-soldering

The TRI experiment is designed to be sensitive to the range of frequencies which are known to be attained on the shuttle during space flight.  This range will be centered on a known frequency but will extend out to unknown ones.  The TRI is mounted to the side of the SEM in order to receive the greatest amount of vibrations.  When the frequencies are hit on the TRI, the Al strings are calculated to break.  Engineering drawings of the TRI can be found in Appendix B.  
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Picture 2.  TRI inside half of the SEM back compartment.
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Picture 3. This is the TRI at Goddard Space Flight Center at the time of the first integration.  Test tubes of the PTIS and POPS experiments can also be seen in the background.

3. 0 Procedure for Testing and Predicted Results
3.1 ALC

The main way the team has decided to test the change in water vapor is with a delta weight measurement.  The team has predicted that due to the extreme change in temperatures in space there will be enough stress on the material to emit water vapor.  

3.2 PTIS

Once flown the seeds will be buried in dirt on earth and given conditions to grow.  The team has predicted after examining other SEM groups results that the palm tree seeds will have grown after the exposure to outer space.  

3.3 POPS

The popcorn will be exposed to x-ray film, which will pick up any indications of radiation.  The seeds will also be planted to see if any proportionality growth will occur.  After reading the CANDO report on popcorn the team has concluded that none of the samples of seeds will receive an extreme dose of radiation (that which will stop them from popping). 

3.4 TRI

After flight the strings will be examined to see if there is breakage.  The tensions of the string on the TRI may not be as predicted and some of the strings were bent.  Therefore the team is unsure of the results on the TRI.  

4.0 Results

4.1 ALC


Weight measurements were taken just before flight on the integration and just after during the de-integration, both took place about a month delta from flight.  All test tubes had a delta in weight measurements and all were a negative weight change.  For detailed information see ALC Weight Results (table 4).  The key element to the ALC experiment was the observations made by the team.  Pre-flight all balls were loose and solid in the test tubes.  At the de-integration the team observed a white and brown residue in the test tubes and a melting of some of the balls.  Also see ALC Observations (table 5) for more details.  

Table 4: ALC Weight Results

	Test tube
	Pre-flight
	Post-flight
	Delta Weight
	Delta Weight %

	6
	23.60g
	23.53g
	0.004g
	0.4%

	7
	23.60g
	23.50g
	0.004g
	0.42%

	8
	27.50g
	27.34g
	0.007g
	0.72%

	9
	29.1g
	28.82g
	0.01g
	1.03%


Table5: LALC Test Tube Observations

	Test Tube Number
	Condition of ALC balls
	White Residue
	Brown Residue

	6
	half are stuck to bottom

half are stuck to top

none free
	none
	located on the balls

dark brown

	7
	stuck to test tube

some are free
	residue on the test tube

about 20%
	none

	8
	balls stuck to each other,

some free
	around 20% on the test tube
	brown on the balls

	9
	free, one ball has split
	covering about 30%

of the inside of the test tube
	located on the balls


4.2 PTIS 


The observations made at the de-integration indicated that the seeds became a slightly darker shade of brown.  Two seeds have been planted in front of Eau Gallie High School.  After three weeks of observation no growth seems evident.  A second set of two seeds are to be planted in potting soil and nurtured until growth and then planted in Florida Institute of Technology's Botanical Gardens.  The final seeds will be kept for display.  Steve Turner, Horticulturist from Florida International University, was contacted as a specialist in Queen Palm Trees.  He predicted three to four weeks for the seeds to grow.  

4.3 POPS


De-integration observations showed the seeds to darken in color from a green-yellow to light brown.  The seeds were tested with Kodak X-Omat TL film at Holmes Regional Medical Center Radiology/ Oncology Center.  Steven Easterling conducted the test and has worked similar experiments in the past.  The test indicated little to no amount of radiation present.  The seeds were also planted two to three in a cup of potting soil.  All sections of seeds were tested along with a control sample.  No growth was present after two weeks.  

4.4 TRI


Post-flight observations indicated no sign of breakage.  Some of the soldering on the back of the TRI broke off after being removed from the compartment.  Katie Brown made a detailed account of the condition of the strings in her report.

"...The strings 1,2,3,4 were somewhat straight while string 5 bends downward, string 7 is bent to the right touching the metal. Also, string 8 is bent to the left about an inch from the right.  Strings 10-12 are bent slightly back and forth.  The longer string seemed to bend more, the sharp bends were more toward the middle of the strings..."

5.0 Conclusions and Recommendations

5.1 ALC

After reviewing the composition of the Acrylic Latex Caulking, we concluded that the brown residue was most likely mineral water and the white material calcium carbonate.  If an experiment of this type is to be conducted again the team recommends a stronger form of ALC be used and to attempt the observation as a sealant instead of itself only.  

5.2 PTIS


No growth in the seeds planted at Eau Gallie High School gives indication that the seeds may have dried out too much during flight to grow, however given more time and the sample for Florida Tech these results may be seen as preliminary.

5.3 POPS


Containing very little to no radiation was not a surprise to the team or Steven Easterling.  The team had concluded that if any radiation was present in the seeds its half-life was so short it was not present at the time of de-integration.  With no growth present immediately the team is also unable to conclude a change in the internal growth process of the seeds.  Therefore the team concludes that the any type of popcorn experiment taken as a SEM will not have enough radiation to effect or be contained in the seed.  The team recommends any other experiments on popcorn to not be centered around radiation unless the experiment proposes a new angle.

5.4 TRI


The team concluded that the first design of the TRI was flawed and did not contain the amount of tension needed to correctly conduct the experiment.  The observations allowed the team to learn how the materials withstood the flight and the problems associated with transportation and handling before flight.  Therefore the team recommends that an updated design should be made for the TRI and new materials researched before conducting the experiment again.
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Appendix D

These are sections from the report given on the CANDO results.

"On two of our flights we did fly sophisticated passive radiation dosimeters dosimeters primarily as a companion to a film experiment. Both flights turned out to have a relatively benign radiation environments although significantly above background. These levels did not have any measurable effect on popcorn although our radiation control (20,000 rad exposure) always did. The heavily radiated popcorn control samples consistently have popped with greater efficiency presumably because of the elimination of bacteria and/or fungal deterioration. Irradiated popcorn has essentially the same popping rate as fresh popcorn where all others samples show some degradation of popping rates proportional to aging. The older the corn the lower the popping ratio, whether control or space flown. In none of our samples did space flight alone cause a statistically measurable effect on popping rates or observed physical parameters. We assume from this that the radiation levels in low earth orbit, while higher than ground background are too low to have a significant effect on popcorn (or any of the many other types of seed flown)."
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