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Presentation Overview
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Key Focus of the Session: 
What research areas in NASA BPS decadal roadmap FOUNDATIONS’ goals 
are in periods of transition and could benefit from the ongoing evolution of 
research platforms, and the U.S.’s space exploration programs? 

• My take on what do we mean by sunsetting and emerging approaches
• Observations from my career

 “sunsetting”
 “sunrising” (emerging)

• International partner viewpoint
• Examples of emerging approaches
• Conclusions



The transition process
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In the context of this presentation, 
what do the terms “sunsetting” and “emerging research” areas mean?

Sunsetting – job well done!  (we can move to the next phase)
Emerging  – new cool stuff…  (often a follow-on from a sunset topic)
       I prefer the term “sunrising”

My Bias    – I do materials science research with required sample return where
    the strength of LEO opportunities is of paramount importance

Challenge – What new LEO platforms will become available during
    the transition from ISS to next-gen CLD to avoid a gap?



My career spans experiments on the shuttle Columbia, through technology development on the NASA 
Vomit-Comet and ESA Zero-G, to ISS testing with the JAXA ELF and the ESA/DLR ISS-EML.  
Over the years the investigations matured over time and sunsetting was an integral part of this process.

Columbia Study of the fundamentals of rapid solidification targeting use of microgravity
TEMPUS to access metastable phases at deep undercooling in simple alloy systems.

  Study the kinetics of nucleation/growth during solidification of elemental and binary alloys.

ISS-EML Study microstructural evolution and identification of solidification pathways in ternary alloys.

  Study phase selection and transformation kinetics with focus on ferrous alloy systems.

JAXA-ELF Study influence of convection which requires a knowledge of properties to model flow 

Measure thermophysical properties     Validate flow predictions anchoring
in simple analog systems       model performance with test results

Compare to commercial alloy properties     Develop a transformation model and
(Stainless Steel / Inconel)       validate across a variety of systems

  ICME synthesis to predict properties and allow risk mitigation and process optimization
     concentrating on exploration applications    

uncertainty
quantification

Observations on the impact of Sunsetting
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Observations on the impact of Sunrising
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Previous sunsetting evaluations involved building off success to identify new emerging research areas.  
The more you learn, the better your ability to prioritize the next steps while avoiding knowledge gaps.

Take-away from lessons learned – before going to space, test it on ground, validate facility performance 
in short-term microgravity using parabolic flight, then go to space.  For success, you need a robust 
ground-based development program.

Research focus has organically shifted over time from fundamental to applied science driven by the 
current exploration timeline.  Many high-value projects successfully focus across this spectrum.

The one unifying positive theme apparent from the evolution of rapid solidification studies is that 
international partnerships and collaboration were enabling factors in the success of past NASA 
programs leading to development of defensible priorities for future exploration investigations.



How are international partners viewing the transition process?

6

Partners spent a LOT of money developing world-class μg platforms
US has done well to be able to negotiate use of these resources
Continued use of collaborative facilitates enables
•  cost effective utilization (no facility development costs/US support cheap)
•  multi-investigator leveraging of resources and science focus

  (akin to bio approach with multiple studies on a single organism)
•  international cross-fertilization of ideas to keep US current/competitive

Both JAXA and ESA seem to indicate that the sunsetting/emerging labels
are not aligned with their vision of how to approach the transition period.

http://www.nasa.gov/mission_pages/station/main/index.html


7Slide content courtesy of Dr. Masao Kikuchi
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My interpretations
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JAXA has significant investment in platforms showing significant and novel results and will continue to support 
innovation based on their successes (property measurement and combustion).  The key challenge is the transition 
from the ISS to new CLDs.  Emphasis is on maintaining a balanced portfolio post-ISS.
• Technology demonstrations
• National research priorities
• Commercial utilization

ESA also has significant investment in successful facilities (containerless processing, directional solidification, and 
additive manufacturing).  The transition from Science in the Space Environment to Exploration Sciences has 
two key prongs (exploration-focused and exploration-enabled).  Two key additional challenges then arise.  
• First is the evolution to smaller, less complicated facilities (and an associated investment) that align with the 

capabilities of the CLD opportunities. 
• Second is the need to provide a robust ground-based program to ensure continuity during the ISS/CLD 

transition and to conduct appropriate technology development testing to ensure continued future success.

Common themes
• International partners have invested heavily and worked hard to develop highly effective test platforms
• Both foresee a need to nurture international partnerships and keep collaborations strong
• Each remains committed to their existing long-range agency plan for space exploration
• Neither agency wants to see next-gen hardware accept reduced functionality 



Examples of Emerging Technologies: ICME
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Slide content courtesy of NASA/TM−20250000717
Reduced gravity and microgravity Integrated
Computational Materials Engineering (ICME)

Integrated Computational Materials Engineering is an approach to design materials and products by 
integrating computational models across multiple scales to link processing, structure, properties, 
and performance to enable development of exploration centered materials processing technologies.

In the context of the exploration mission, uncertainty quantification supports safety and risk mitigation. 

Foundations theme: recycling and sustainability



Examples of Emerging Technologies: Heat dissipation
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Radiators for Nuclear-Electric Propulsion represent ~ 40% of a spacecraft’s mass.

Slide content courtesy of Prof. Robert Hyers, Worcester Polytechnic Institute

Carbon Fiber PerformanceFoundations theme: thermal management



Examples of Emerging Technologies: In-Space Manufacturing
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https://www.nasa.gov/centers-and-facilities/marshall/nasa-to-transform-in-space-manufacturing-with-laser-beam-welding-collaboration/

Slide content courtesy OSU Senior Capstone collaboration websites

Foundations theme: recycling and sustainability



Conclusions
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Sunsetting and sunrising are not new concepts but they focus the perspective on innovation in the NASA research portfolio 
and articulate how individual elements relate and answer the decadal KSQs while avoiding knowledge gaps. Partners don’t 
seem to see the need for sunsetting/emerging exercise as this is already an integral part of their evolution of science focus.  
To me, this formalization actually does help stakeholders reposition the new vision of NASA’s science exploration mission 
and I don’t see any significant conflict between US/partner perspectives.  Sunset/Emerging is a communication tool.

Need to leverage/nurture international partnerships and keep collaborations strong
• Partnerships are cost-effective and promote efficient use of scant resources
• Collaborations ensure that cross-fertilization of ideas thrives between agencies
• Retain commitment to aggressively support international partner facility migration from ISS to CLD
• Avoid technology gaps and duplication of effort

My personal observations are:
• US will concentrate on mission-critical and applied exploration approaches
• International partners will maintain a significant concentration of fundamental science which can only

be done in space with an emphasis on promoting benefit-to-society on earth or agency-specific goals
• Partners are not sold on the semantics of the new US approach but are willing to work with NASA

to maximize good science return; the combination of the above two approaches is stronger than either alone.

The strength of collaborative approach is that the NASA/JAXA/ESA team can still
addresses science issues across the applied/fundamental spectrum.

The key is to have active participation between partners while still 
allowing each to concentrate on agency specific priorities.
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