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Introduction
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My work at Marshall Space Flight Center focuses on materials characterization
specifically dual beam SEM and HR TEM work.

| am the materials lead for the sample cartridge assembly program (SCA).

— The SCA program conducts materials processing experiments on the International Space
Station (ISS).



I

« Y—I X IILFERITEZI—TOROLEF. MO M. H<TaT7IL
E—ALSEMEHRTEMOMRIZCERZHTTWLET,

* REYTNH—b Yy OTELTYTRIT S LSCADHH ) —F—TT,
» SCATRY S AR, ERFHEAT—a(ISS)THHITOEARREITS 70
JS5LTY,



History of MSFC

* The Marshall Space Flight Center (MSFC), located in Huntsville, Alabama, has a rich
history deeply intertwined with the U.S. space program. Here's a brief overview:

1950s:

1950: The U.S. Army Redstone Arsenal in Huntsville began research into rocket
technology, significantly influenced by German rocket scientists like Wernher von
Braun who were brought to the U.S. post-World War Il under Operation Paperclip.

1954: The Redstone Rocket, the first U.S. missile to carry a nuclear warhead, was
developed here, setting the foundation for future rocket technology.
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MSFC History continued

1960s:

1960: NASA established the George C. Marshall Space Flight Center,
named after General George C. Marshall, as its southern field center on
July 1, 1960. The center was tasked with developing the Saturn rockets
for the Apollo program.

1961: The Saturn | rocket was the first in the series to be developed at
MSFC, leading to the Saturn V which would eventually take astronauts
to the Moon.

1969: Apollo 11, powered by the Saturn V rocket developed at MSFC,
successfully landed humans on the Moon.
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MSFC History continued

1970s - 1980s:
- MSFC continued to play a key role in the development of the Space
Shuttle’s main engines (SSME) and other propulsion systems.

- The center also contributed to Skylab, America's first space station.

1990s - 2000s:

- MSFC was involved in the development of the International Space
Station (ISS), particularly with the design of the U.S. Laboratory
Module Destiny and various other components.

- Continued involvement in propulsion research, including the

development of advanced rocket engines like the RS-25 for the Space
Shuttle and later modifications for the Space Launch System (SLS).
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MSFC History continued

2010s - Present:
- Focus shifted towards deep space exploration with the development of the
Space Launch System (SLS), intended for missions beyond Earth's orbit,
including the Artemis program aimed at returning humans to the Moon.

- MSFC also engages in advanced technology development, including solar

technologies, advanced materials, and propulsion systems for future space
missions.

Marshall Space Flight Center remains a pivotal part of NASA's operations,
focusing on propulsion, space transportation, and technology development
for future exploration missions. The center's contributions have been
fundamental in defining the trajectory of space exploration from the Apollo
era through to current and future planned missions.
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Overview of the SCA program

What is SCA?
* Sample Cartridge Assembly Program

Objectives:

* Utilize microgravity to achieve results not possible on Earth, like
uniform sintering and isotropic diffusion.

* Experiment with new alloys, composites, and processing methods
where gravity-induced defects are minimized.

* Facilitate Technological Innovations
- Educational and Collaborative Opportunities
- Risk Mitigation and Validation
. - Commercialization of Space-Based Research /A amentum
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SCA hardware explained

 The SCA hardware is a refractory alloy tube brazed into a stainless steel head unit
that contains the electronics needed for control and monitoring.

* The hardware is inserted into a low gradient furnace on the ISS.
* The experiment is ran, time and temperature.
« The SCA assembly is then returned to Earth and the experimental materials

 removed and returned to the researcher.
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SCA hardware --SCA/\— FH 7




* Pretty much plug and push “start”
 Remove, package, return
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High temperature experiments in space

* NASA’s top priority is safety.
* As you can imagine performing high temperature work on the ISS is not
trivial. (1200-1400C)
* The SCA assembly undergoes a rigorous approval process before it is
allowed to fly.
— Design verifications
— Compatibility of the researchers proposed experiment with the SCA hardware.

—Focus on safety, is the experiment going to have any bad effects on the
hardware that would cause an unsafe situation.

— A key verification is materials compatibility.
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Materials Compatibility Testing

* A materials compatibility test is performed to assure that under worst cases the
experiment will not breech the SCA hardware.

» We run the researchers experiment in the SCA hardware at MSFC but extend the
temperature and time.

« We put all the materials that will be used in the experiment together to see what
will happen when the experiment is ran.

« We then analyze these materials to determine if the experiment is compatible.
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* In a closed quartz tube, we heated up the experimental materials along with a SCA
tube coupon, a piece of moly rod, and thermocouples.

v

1200°C for 4hrs
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Moly rod and PtRh thermocouple
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Left — samples on SEM stub Right — ion image of corroded TC.
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T/C in as received condition -- Z{E5&#4 & L TT/CA A,
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The Microgravity advantage

* Benefits of Microgravity:
—No Sedimentation, Buoyancy, or Convection

— Uniformity in Material Processing

—Isotropic Diffusion
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Sintering in Space

* Advantages:
- Uniform Sintering
- Reduced Defects

W-Ni-Cu-Mn
Machined Machined
Green Green
Cylinder Cylinder

1400°C, 60 min 1400°C, 60 min
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Thank you.
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