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Collaboration
• Russia
• Space Dynamics Lab
• High School Students
• University of Tsukuba, Japan
• Pros and Cons, but always fun.

Presenter
Presentation Notes
Russia: Flight
SDL: Connection to Russia, Gear up Program
Logan: lots of hands, will grow the plants.   Shaunda, expertise in biology and agriculture. 
USU has a history of plants in space.
Tsukuba: Vibrational effects, small chamber.
Material Physics group: space simulation, materials phyics, electron microscope
Themes, collaboration and improvement of design
Don’t forget us. 



Why

• Why study space seeds?

• “I'm excited to announce that we are working with our commercial 
partners to build new habitats that can sustain and transport astronauts 
on long-duration missions in deep space.”  -President Obama

Presenter
Presentation Notes
Forfront of the nations conscience through multinational efforts. 
United state focus, should be world focus. 
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Presentation Notes
Bion-M1 Mission.   30 Days



Bion-M1 Mission

• 30 Days in LEO/Polar Orbit
• Studies effects of space on organisms

Presenter
Presentation Notes
Dose?  Received?
Biological system, needs a larger sample size.




What: Space(Radish) Seeds!

Initial Experiments at 4 days after planting.
Space Based Seeds:     7/9 had sprouts
Ground Based seeds:   2/9 had sprouts

Presenter
Presentation Notes
Why radish? Quick to grow/germinate. Hardy Plant
Data on other seeds, with lower germination rates, might give more distinct results.
Improvement of sophistication of experimental procedures. Next step is time lapse video. (Growth more than germination) Temperature loggers. 
Gayle Bowen:  Shaunda comes up with procedures, which will be handed off to all the Gear Up Program ~20-30 schools.



Expectations/Observations
So far the Space seeds have outdone the ground seeds every time. 

Hypothesized reasons? 
Radiation or vibration creating micro fractures in the shell of the seed. 

6-axis shaker table to simulate launch and reentry conditions will be 
provided by Tsukuba University (Japan)

Presenter
Presentation Notes
Eliminate Vacuum, eliminate temperature effects, 0-G? maybe….. But probably these two things…..









Radiation Effects

+ =
Die out?
or
Grow up?

“Plants derived from seeds exposed to higher doses 
(0.5, 0.7, and 1 kGy) did not survive”



Radiation Testing
• Space Survivability Chamber 

Presenter
Presentation Notes
The Space Survivability Test (SST) chamber [2] is a high vacuum system particularly well suited for cost-effective tests of multiple small scale materials samples over prolonged exposure to simulate critical environmental components. Exposure is uniform to within <5% at intensities for >5X accelerated testing.  A Sr90 β-radiation source produces a high-energy spectrum similar to the GEO spectrum for testing of radiation damage, single event interrupts, and COTS parts [2].  An automated data acquisition system periodically records real-time environmental conditions—and in situ monitoring of key satellite/component/sample performance metrics and characterization of material properties and calibration standards—during the sample exposure cycle [5]. 
Electron Flux 
A high energy electron flood gun (A) (20 keV – 100 keV) provides ≤5 X 106 electrons/cm2 (~1pA/cm2 to 1 μA/cm2) flux needed to simulate the solar wind and plasma sheet at more than the 100X cumulative electron flux.  A low energy electron gun (A’) (10 eV-10 keV) simulates higher flux conditions. Both have interchangeable electron filaments.
Ionizing Radiation
A 100 mCi encapsulated Sr90 radiation source (E’) (~200 keV to >2.5 MeV)  mimics high energy (~500 keV to 2.5 MeV) geostationary electron flux  (see Fig. 2) [2]. 
Infrared/Visible/Ultraviolet Flux 
A commercial Class AAA solar simulator (B) provides NIR/Vis/UVA/UVB electromagnetic radiation (from 200 nm to 1700 nm) at up to 4 times sun equivalent intensity.  Source uses a Xe discharge tube bulbs with >1 month lifetimes for long duration studies.
Far Ultraviolet Flux 
Kr resonance lamps (C) provide FUV radiation flux (ranging from 10 to 200 nm) at 4X sun equivalent intensity. Kr bulbs have ~3 month lifetimes for long duration studies.
Temperature 
Temperature range from 60 K [4] to 450 K is maintained to ±2 K [3].
Vacuum  
Ultrahigh vacuum chamber allows for pressures <10-7 Pa to simulate LEO.

Polar, travel over field lines where the electron energy is higher.  Leads to a concentration of higher energy particles



Chamber Material
Bremsstrahlung Radiation

Be → Too expensive
C   → Fragile
Al  → Suitable, but generate X-
rays

Presenter
Presentation Notes
Bremstallung radiation, spherical and danegerous, although probably the more dominant radiation source in space




Reverse Chamber

Aluminum

Aluminum

Graphite

Graphite

𝒆𝒆−

Presenter
Presentation Notes
Grphite was weak in finite element analysis, otherwise would be an ideal material.
Material strength of aluminum is sufficient. 



Future Work

• Materials Physics Group
Space Environment Testing, SEM Imaging, Test Other Seed Types

• University of Tsukuba
Simulation of Launch Conditions

• Logan High School
Develop procedures to distribute to other High Schools

• Russia
More flights
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Gayle Bowen, head of Gear Up program and 



Questions?
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