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Component goals of MATRICES

1 Energy-material interactions 2 Enabling an in-space economy
3 Non-living aspects of circular 4 Synergies between living and non-
systems of materials & processes living systems

Remanufacturing
Refurbishing

Energy and * °a®
[e]y] n
material input
Longer use
Intensifying use
Figure from Geissdoerfer, M., Pieroni, M.P., Pigosso, D.C. and Soufani, K., AT
“An illustration of the Circular Economy concept” licensed under CC BY 4.0 Dematerialisation



https://commons.wikimedia.org/wiki/File:The_Circular_Economy_concept.png
https://creativecommons.org/licenses/by/4.0/deed.en
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Fundamental understanding of materials phenomena
and interactions as a system

Inspired by: NASEM, 2023. Thriving in Space: Ensuring the Future of Biological and Physical Sciences Research: A Decadal Survey for 2023-2032. doi: 10.17226/26750


https://doi.org/10.17226/26750
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Licensed under CC BY 3.0 from Xiao et al.,

2021, doi: 10.5772/intechopen.97205

Gravity (reduced)

* Reduces buoyancy

e Suppresses
convection

* Quiescence

Pressure (reduced)

* Increases
vaporization

* Reduces convective
heat transfer

» Alters fluid behavior
(pressure balance)

Temperature

 Affects
thermophysical
properties (e.g.
thermal conductivity)

« Alters energy
balance (e.g.
inducing more/less
melting)



https://creativecommons.org/licenses/by/3.0/deed.en
https://doi.org/10.5772/intechopen.97205

'_bgical & Physical Sciences

Broad-based community enables discovery

ACECEMIE Academia Government Academia Industry

* Individual institutions . Workforce . Workforce . Workforce . Workforce

« Consortiums development development development d_evelopment
» *Non-profits (students) (interns) (Studer_Its) (mterps)

* Executing & * Collaborating * Executing * Funding
proposing & monitoring contract- contract-
research research based based
grants grants research research

* Unique * Unique * Unique « Demand
facilities facilities facilities signal

MATRICES

Government || Industry
* Financial * Financial
support support
Industry Government (awards <§L (reimbursables)
. . contracts » Demand signal
L Spacef“ght pI’OVIdeI’S ) NASA BPS * Demand Signa| . Ground, g
« Companies: * Other Government - Ground and parabolic, and
. Leveraging space Agencies (OGAS) on-_o_r_bit suborbjtal, and
- Operating in space « incl. National Labs facilities on-orbit facilities
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Academia highlight: Collaboration with the
Ohio State University on in-space welding

« Unique facility (electron beam vacuum
chamber originally developed by NASA
Langley) refitted for laser beam welding by
the Ohio State University in collaboration
with NASA Marshall

 Investigate combined effects of reduced
gravity and pressure (vacuum) on metal
solidification

« Many benefits:

= Enhanced fundamental understanding of
rapid solidification under reduced gravity, of
reduced pressure on thermofluids &
vaporization, of detachment & trajectory of
spatter from melt pool, etc.

= New benchmark datasets for modeling
= Workforce development (students)
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Government highlight: Partnership with DARPA
NOMA4D program on in-space forming of sheet metal

Licensed under CC BY-NC-ND 4.0 from Bachmann, Dickey, & Lazarus, 2020, doi
b) Bt W o i

bs4040044

(a)

Workpiece

Thermal Gradient Mechanism (TGM) enables bending towards laser beam

Sheet metal specimens observed with
thermography and spectroscopy within

Thermal
backplane
with GN2
loop

« Unique facility (thermal vacuum) at NASA
Marshall extending work of another
performer (Univ. of Fla.)

 Investigate combined effects of reduced
pressure (vacuum) and extreme
temperatures on thermomechanical
responses of metal sheets
= Recently advanced to complex geometries

= Thermal modeling by BPS post-doc

« Many benefits:

= Enhanced fundamental understanding of
laser-metal interactions, thermophysical
properties under intense thermal gradients,
etc.

= New benchmark datasets for modeling
» Workforce development (interns)


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://doi.org/10.3390/qubs4040044
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Industry highlight: Reduced gravity ICME
study group including CFDRC

 Integrated Computational Materials
Engineering (ICME) leverages experimental
datasets with computational modeling to
stimulate a virtuous cycle of experiment-
model-experiment that accelerates materials
design & development

 CFD Research Corporation (CFDRC)
employed advanced computational fluid
dynamics techniques to extend previous
work on modeling of directional solidification
in the presence of bubbles performed on
ISS

« Experiment performed by academia-
government collaboration and modeled by
industry

8 mm

Licensed under CC BY-NC-ND 4.0 from Nabavizadeh et al., 2021, doi: 10.1016/].jcrysgro.2021.126334

fragmented dendrite

14 mm

Setup and temperature distribution with stream traces for MICAST2-12,
stationary bubble

MICAST2-12: directional solidification of Al-7wt%Si in microgravity

Setup and temperature distribution with stream traces for MICAST2-12;
bubble allowed to move at 0.1 s (left) and 5 s (right)
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Taken from O’Connor et al., 2025, NASA/TM-2025-0000717 (pending).


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://doi.org/10.1016/j.jcrysgro.2021.126334
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Pending publication: ICME study group report

NASA/TM-20250000717

Academia,
government, and
iIndustry team

Reduced gravity and microgravity Integrated
Computational Materials Engineering (ICME)

Andrew O’Connor and Louise Littles
NASA Marshall Space Flight Center,
Huntsville, AL

Brodan Richter and Edward Glaessgen
NASA Langley Research Center,
Hampton, VA

Alain Karma

Northeastern University, Boston, MA

Douglas Matson
Tufts University, Medford, MA

Peter Voorhees
Northwestern University, Evanston, IL

Fredrick Michael, Benjamin Rupp, Michael
SanSoucie, Jeffrey Sowards, and Jeffiey
West

NASA Marshall Space Flight Center,
Huntsville, AL

George R. Weber
NASA Langley Research Center,
Hampton, VA

Joshua D. Pribe and Vesselin Yamakov
Analvtical Mechanics Associates,
Hampton, VA

Saikumar R. Yeratapally
Science and Technology Corporation,
Hampton, VA

Vernon Cole and Rae Waxman
CFD Research Corporation, Huntsville, AL

Will be available at https://ntrs.nasa.gov/citations/20250000717 when published

Predictions of
thermophysical &
interfacial properties via
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== physically informed
£ neural networks,
anchored by levitator-
= derived datasets
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Engaged with PRISMS-PF developers to compare
3-dimensional version with GPU-PF code using
parameters relevant to DECLIC-DSI-R flight data

NASA supercomputer accelerates modeling
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https://ntrs.nasa.gov/citations/20250000717
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How to nurture these relationships?

* Literature — Open science * VVehicles for partnerships
= Physical Sciences Informatics = Collaborative agreements
« Discussions — in person, virtual o Academia & non-profits
o Industry

 Public awareness

= NASA to Transform In-Space = Contracts

Manufacturing with Laser Beam = Grants

Welding Collaboration o BPS ROSES, especially the New
» Posted on nasa.gov then spread to NASA Investigator category

social media sites, link aggregators, = Awards & Challenges

tech news sites, etc.
*Not an exhaustive list

NASA SMD Strateqgy 83



https://science.nasa.gov/physical-sciences-informatics-psi/
https://www.nasa.gov/centers-and-facilities/marshall/nasa-to-transform-in-space-manufacturing-with-laser-beam-welding-collaboration/
https://www.nasa.gov/centers-and-facilities/marshall/nasa-to-transform-in-space-manufacturing-with-laser-beam-welding-collaboration/
https://www.nasa.gov/centers-and-facilities/marshall/nasa-to-transform-in-space-manufacturing-with-laser-beam-welding-collaboration/
https://assets.science.nasa.gov/content/dam/science/cds/about-us/2025/2025-2026-NASA-Science-Plan.pdf

MATRICES entails a matrix of academia,
government, and industry working together

Academia

* Individual
institutions

» Consortiums

* *Non-profits

MATRICES

Government

» Spaceflight * NASA BPS

providers « Other Government
Agencies (OGAs)
* incl. National Labs

Industry

» Companies:
* Leveraging space

« Complex and demanding

Influences of the space
environment require BPS science
to leverage the unigue and
irreplaceable contributions from
each sector

« Maintain awareness of and

Interact with scientific community
and technical field

« Explore partnership vehicles
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BPS Science: The
Weightless Fronter

« Thanks to CBPSS for their kind
Invitation to share about paths
to implement MATRICES via
collaborations & partnerships
across academia, government,
and industry.

 Thanks to Michael SanSoucie,
also of NASA Marshall.
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