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Space Operations at NASA’s Marshall Space Flight Center
HP27/Mason Hall



N nal Aeronaut

atio ics and
Spac

nautics ai
e Administration

- Future of Spat
‘Exploration.

EXPLORE




Ames Research Center
Moffett Field, Calif.

-} [ Glenn Research Center
\ Cleveland, Ohio

. \ 4 . . ,
=y -' : r : ’ Goddard Space
. | | p ' |

Armstrong Flight

Research Center
Edwards, Calif.

1 Flight Center
e} Greenbelt, Md.

NASA

Headquarters
Washington, D.C.

Langley Research Center
Hampton, Va.

Kennedy Space Center
Cape Canaveral, Fla.

Johnson Space Center
Houston, Texas

Marshall Space
Flight Center

Huntsville, Ala.

Michoud

Stennis Space Center Assembly Facility
Bay St. Louis, Miss. New Orleans, La.

Marshall Space Flight Center


Presenter
Presentation Notes
Marshall Space Flight Center is one of ten NASA field centers, located in Huntsville, Alabama.
We specialize in propulsion, in-space transportation systems, space systems, and science. 
Nearly 7,000 scientists, engineers, technicians and support personnel work here, in more than 125 unique and specialized facilities and laboratories.
Marshall is one of the largest field centers at NASA. (Third largest based on number of employees)
Marshall has a nation-wide impact of more than 43,600 jobs with a $8.3B economic impact. (FY19 data)
$105M in state and local taxes to support our communities
In Madison County, MSFC has an economic impact of $3.7B and accounts for more than 21,000 jobs



Huntsville is the Rocket City

2nd Largest Research Park in U.S.
1st Best Affordable Places to Live (2021)
3rd Best Places to Live (2021)
3rd Largest Concentration of High-Tech Workers (2020)
3rd Most Technical Workforce (2019)

Redstone Arsenal
42,000 employees | 38,000 acres

Marshall’s Community
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MSFC is situated in a very unique community
Right outside our gates is the 2nd largest research park in the country- Cummings Research Park
U.S. News and World Report ranked Huntsville most Affordable Places to Live in U.S. (2022)
U.S. News and World Report ranked Huntsville #3 as a best place to live in the U.S (July 2021)
3rd largest concentration of high-tech workers (24/7 Wallstreet, January 2020)
Bloomberg named Huntsville as 3rd in having the Most Technical Workforce in the country (January 2019).  
Livability ranked Huntsville as the #1 Best City for STEM Workers in America and a hub for engineers in general (June 2018)

Redstone Arsenal
Marshall is lucky to be located on Redstone Arsenal.  
It is a Federal Center of Excellence with 87 tenant organizations
About 42,000 employees enter the gates daily
38,000 acres

[TRANSITION:  Let me tell you a little bit more about our partners here on Redstone Arsenal …]  
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We are a proud part of Team Redstone. 
The work that Marshall, the Army and the other federal agencies on Redstone do is enormously important to this country. 
Redstone Arsenal has approximately 38,000 acres of real estate.  Of which, 25,000 are test area, and only 3,000 are buildable acres.
There are 42,000+ employees on Redstone Arsenal.  Approximately 1,000 are active-duty military, 19,500 are government civilians and 15,000 are contractors.
About 87 tenant organizations on Redstone Arsenal, including FBI, DOD and NASA.
While our respective missions may be different at times, they are intersecting more often. 
We practice the shared services concept with a Joint 911 Call Center, Protective Service, and such
The Army has used some of our facilities. 
Working with all of the U.S. Army Garrison, FBI, TVA, and City of Huntsville to improve installation
Partnering with Team Redstone on studies, testing, and services

[TRANSITION: That’s a little about who we are, but let’s talk about what we’re doing.]
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This shows some of things we are working on now and where we see our future. 
Traveling to and Through Space
We support NASA’s Commercial Crew Program
And have built and tested SLS and are preparing for its first launch on the Artemis I mission
Space Nuclear Propulsion
Developing key technologies to get humans to Mars safer and faster utilizing nuclear thermal propulsion systems 
Cryogenic Fluid Management
Working on components and systems that will enable long-term storage and transfer of cryogenic fuels for a sustainable Artemis mission
Living and Working in Space
20+ years of POIC support to ISS
Mission ops can support future payloads
Human Landing Systems
Surface and Transit Habitats
Advanced/Additive make all this possible at MSFC makes all this possible
Understanding Our World and Beyond
Mars Ascent Vehicle an example of how MSFC works across ALL the science portfolios – Earth, planetary
Enabling Commercial Space & National Security
Commercial contracts such as Blue Origin’s BE7 engine or the partnership to renovate test stand 4670.
Michoud and Redstone Arsenal DOD tenants
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NASA Marshall is building the most powerful rocket ever built, the Space Launch System, which is the only exploration-class vehicle capable of sending humans to deep space and the large systems necessary to live and work in deep space.
SLS has the power and capacity to lift large and complex payloads, reducing the number of launches needed to put hardware into space.

The powerhouse of SLS, called the core stage, is the largest and most complex NASA ever has built. 
It’s comprised of two liquid propellant tanks and four RS-25 engines, and will produce more than two million pounds of thrust to send NASA’s Orion spacecraft, crew and cargo to the Moon.

Rocket is on the pad at Launch Pad 39B for rollout ahead of Wet Dress Rehearsal – a pivotal final test before launch.
Right now, NASA is targeting May or June for the first launch of Artemis I.
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Today, America’s next generation rocket is being manufactured and assembled at the state-of-the-art Michoud Assembly Facility. 

The Michoud Assembly Facility in New Orleans, a component facility managed by Marshall, has 3.8 million square feet of total infrastructure on 829-acres and is one of the few places SLS could be built.
Michoud is one of the largest manufacturing facilities in the world with the main manufacturing building occupying 2.2 million square feet of space, which is the size of 31 professional American football fields, and 43 acres under one roof.
Teams at NASA’s Michoud Assembly Facility in New Orleans are already building the core stage of NASA’s Space Launch System rocket for Artemis II, the first crewed mission to the Moon in NASA’s Artemis program, and Artemis III, the mission that will put the first woman and the first person of color on the Moon.
Production has also already begun on the core stage for Artemis IV as well as the fourth Orion, having successfully delivered the first through third Orion. 
Production has also begun on test articles for the Exploration Upper Stage (EUS) supporting the fourth flight. 
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Our center is at the forefront of shaping the future of deep space architecture through future Artemis missions with SLS and the Human Landing System Program. 
When the next NASA astronauts land on the Moon, they will do so in industry-led human landing systems managed here at Marshall. 
In addition to the Artemis III landing awarded to SpaceX’s HLS Starship (render on screen), NASA is funding the development of a second industry-led lander that, together with SpaceX, will support NASA’s plans for purchasing recurring, sustainable lunar landing services under Artemis.
This is just one more way we are essential for Artemis and America’s return to the Moon… landing the first woman and first person of color on the lunar surface later this decade.
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Marshall manages science operations around the clock on the International Space Station (ISS) from the Payload Operations Integration Center (pictured top right).
For more than 21 continuous years, we have supported science conducted on the station.
ISS serves as the world’s leading laboratory where researchers conduct cutting edge research and technology development that will enable human and robotic exploration of destinations beyond low-Earth orbit.

Marshall’s development of life support and research systems on ISS will benefit future human explorers who launch into deep space. 
Marshall contributes vital elements of the Space Station’s regenerative Environmental Control and Life Support System (ECLSS), which provides water and oxygen for the crew, recycling wastewater into usable water and reducing supply costs. 
Marshall’s scientific hardware on ISS, including 11 science payload EXPRESS racks and two research gloveboxes provide a foundation for how science can be conducted on and around the Moon.

Marshall manages research into 3-D printing on ISS that will provide valuable information on how Additive Manufacturing technology works in space.
Marshall is partnering with industry and academia to mature concepts for habitats that will allow astronauts to live long-term on the lunar surface and ultimately to travel to Mars.
Through the NextSTEP effort, Marshall is working with commercial partners to mature technologies and concepts for a lunar Surface Habitat and Mars Transit Habitat.
Concepts developed through this program are also informing the Gateway lunar orbit facility and commercial LEO destinations.
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NEA Scout (pictured bottom left) is a secondary payload flying on SLS for the Artemis I mission and is an example of where our exploration meets science.
Here is a video of how NEA Scout will deploy from the SLS’s Orion Stage Adapter and deploy its solar sail. 
It will deploy a sail thinner than a human hair and about the size of a racquetball court to generate thrust, by reflecting sunlight.
The mission will fly by and return data from an asteroid that may one day be a human destination.

That technology will be further demonstrated on the Solar Cruiser mission (bottom right).
Solar Cruiser will demonstrate the largest flown solar sail – it measures 18,000 square feet, or 1/3 of a football field.
This new technology will enable new destinations, by “Sailing on Sunlight” , enabling future spacecraft to collect observations from novel vantage points that are difficult to reach and sustain.

We are also developing the Mars Ascent Vehicle that will launch samples off the surface for the Mars sample return mission.
The MAV (illustration on bottom right) will be the first missile fired from another planet. 
MAV is an example of a link between science and Marshall’s history of propulsion expertise.


 






.
: u

Raied )
R ) s g

&)

-



Presenter
Presentation Notes
Science remains a reason why we explore, and Marshall’s scientists have a footprint in Marshall’s exploration efforts.

Marshall has a true specialty in x-ray astrophysics, meaning we have state-of-the-art processes for developing instruments that can show us the farthest reaches of outer space.
We’ve developed and managed great space telescopes, like Hubble and Chandra
Marshall’s IXPE (TOP RIGHT) launched in December and will help unlock secrets about super massive black holes and other phenomenon across the universe.
Meanwhile, for 20 years and counting, Chandra has changed the way we think about the universe and how we see it. 

 
Marshall scientists are also working missions to enable our sustainable human and robotic exploration of the Moon. 
We will have payloads that will fly on Commercial Lunar Payload Service (CLPS) landers to the moon’s surface. (ILLUSTRATION LEFT)
And we are also learning how to use the lunar regolith to manufacture construction material for infrastructure, such as landing pads, roads, and shelters, with projects like MMPACT. 


In addition, our highly talented heliophysicists work to better understand the 
Sun’s effects on Earth and the rest of the solar system.  [BOTTOM RIGHT]
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As we seek to better understand the solar system, we also seek to better understand our own planet. 
With earth science, we make a difference in people’s lives every day—from farms to national parks, from natural disasters to air quality, from the Arctic to the Amazon. Scientists worldwide use NASA data to tackle the biggest questions about how our planet is changing from the highest reaches of atmosphere to the Earth’s core. 

Marshall is a research to applications center, and our Earth Science Office provides integrated scientific understanding of the Earth system to enable better decisions improving the quality of life at local, regional, and global perspectives through the program SERVIR, which means “to serve” in Spanish.
We do this by studying hurricanes, severe storms, and the global water and energy cycles. 
NASA addresses societal challenges with science. We empower decision-makers across the world with geospatial tools, products, and services to act locally on climate-sensitive issues such as disasters, agriculture, water, and ecosystems and land use.

IMAGE: Hurricane Laura in 2020.
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The NASA Habitation Systems Development team at Marshall is actively defining the unique challenges of habitats and developing architecture approaches to overcome those challenges.
Marshall’s development of life support and research systems on ISS will benefit future human explorers who launch into deep space. 
Marshall contributes vital elements of the Space Station’s regenerative Environmental Control and Life Support System (ECLSS), which provides water and oxygen for the crew, recycling wastewater into usable water and reducing supply costs. 
Marshall is partnering with industry and academia to mature concepts for habitats that will allow astronauts to live long-term on the lunar surface and ultimately to travel to Mars.
Through the NextSTEP effort, Marshall is working with commercial partners to mature technologies and concepts for a lunar Surface Habitat and Mars Transit Habitat.
Concepts developed through this program are also informing the Gateway lunar orbit facility and commercial LEO destinations.



Rapid Analysis and Manufacturing Propulsion Technology
(RAMPT) - a

Moon to Mars Planetary Autonomous Construction Technologies
(MMPACT)
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Additive manufacturing continues to be a critical capability Marshall is working on through public-private partnerships.
From the NASA perspective, it’s all about going further, faster, safer, and more cost-effectively than ever before.
An example of that is RAMPT (Rapid Analysis and Manufacturing Propulsion Technology). It will enable:
Shorter production times and reduced overall costs for aerospace and related industry projects.
OSAM (top left) is a partnership with NASA and other government agencies that allow a variety of applications, such as:
Autonomously building large space telescopes ready for orbital deployment.
or delivering state-of-the-art communications antennae, radar booms or other extra-large hardware. 
It could also have in-situ, or onsite, planetary applications.

We are also working on MMPACT (bottom left) and other work supporting surface construction that we are investigating aim to develop, deliver, and demonstrate on-demand capabilities to create infrastructure on the lunar surface.



Payload and Mission Operations Division

Plan, Train, Fly



WE PLAN

We take requirements and turn them into

mission timelines. We use automated tools to ST — e e
help customers with turnkey, planning A Ky o~ | . A o 3 i
solutions. P e D we

CST  337:16:46:54 o

WE TRAIN

Whether we meet in person or remotely, we

can assess our customers’ needs to developa = -
customized training plan. We provide --
instruction to prepare teams for operations.

WE FLY g

Whether a mission is crewed or un-crewed,

our ground systems operators and flight
controllers are expert mission integrators. We |
can connect customers to a near-Earth or

deep space platform, develop operations
products and plans, and optimize execution
utilizing a global team to ensure any mission’s
success.



Flight Operations

* Planning * Real-Time Execution
— Autonomous and crewed spacecraft science
mission operations concept development
— Integrate requirements for multiple experiments
into a-.cohesive schedule of on-orbit activities
— Development of safe and efficient on-orbit and
ground command procedures
— Logistics during all flight phases across various
delivery schedules and vehicles
— Use of automated tools in support of turnkey
mission planning solutions
— Create individual experiment plans based on
specific customers’ needs.
* Training

— Certified Flight Controllers/operators specializing in
science mission operations

— 24/7/365 monitoring from a secure and reliable
facility

— NASA's in-house imagery experts

— Science operations curriculum development and
related instructional design

— Flight and ground controller training and
certification

— Payload instructorassessment and training

— Remote science user, ground systems interface and
NASA tools training

— Critical thinking, situational awareness, and
anomaly response training

— XR (virtual and augmented) training assessment

— Simulation Model Development




HUNTSVILLE OPERATIONS
SUPPORT CENTER

The Huntsville Operations Support Center, or
HOSC, is a 24/7, multi-mission, ground
systems operations facility which provides
user-oriented, highly reconfigurable services.
The HOSC provides secure and centralized
gateway services and communications
infrastructure to a globally dispersed user
community. Our facilities offer custom
solutions to fit mission requirements.

Configurable Control Rooms
Allow flexibility and shared cost across PMOD
projects and programs

Test and Readiness Room
In-house command and telemetry testing

Data Operations Control Room
Ground systems support of all PMOD programs
and projects

Mission Training Complex
Basic trainer for ground support personnel and
flight control team




HOSC

Ground Systems

Turnkey operations areas, complete connectivity to
offsite locations, and ability to host customers’
systems onsite

State-of-the-art Command and Control, Telemetry,
Voice, Video services

Communications solutions and connectivity via
established NASA communication assets (e.g. NSN,
DSN) and capability to expand to commercial
vendors

Cyber Security, including In-house IT/security
specialists

Lights-out automated services for routine
command and control operational services.
NASA’s in-house imagery experts

Data Storage Data.Management Facility
Telescience Resource Kit

Exception monitoring

Remote systems access

Distributed ground systems routing data to
multiple remote sites

“Live From Space” video support







Size: ~Football field w/
endzones

Volume: ~33,000 cubic
feet

Altitude: ~250 miles
Inclination: ~52 degrees
Speed: ~17,000 MPH

Orbits every ~92
minutes

Image Credit: “By self-made by the uploader [GPLv3 (http://www.gnu.org/licenses/gpl-3.0.html)], via Wikim”
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Payload Rack Officer — “PRO”
Timeline Change Officer — “TCO”
Stowage Officer — “Stowage”
Operations Controller - “OC”

Payload Communications Officer — “PAYCOM”
Data Management Coordinator — “DMC”
Marshall Ground Control — “Marshall GC”
Payload Operations Director — “POD”




ISS Configuration

As of Jure 2017
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« S-Band

— Critical commanding and telemetry
« Ku-Band

— Video

— Payload Science data

— Hardware telemetry

— Backup commanding

— Crew “internet”

Delay Tolerant Networking

. AOS/LOS and ground stations

— AOS - Acquisition of Signal

— LOS - Loss of Signal
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Flight Planning and Procedures (nasa.gov)


By Crew of Expedition 11.(Original uploader was Colds7ream at en.wikipedia) - By NASA - http://www.youtube.com/watch?v=bGoJ66WNapE,

http://spaceflight.nasa.gov/gallery/images/station/crew-11/html/iss011e08855.html(Transferred Public Domain, https://www.flickr.com/photos/nasa2explore/23660365065/, Public
from en.wikipedia. Transfer was made by User:Colds7ream.), Public Domain, https://commons.wikimedia.org/w/index.php?curid=19602764 Domain,

https://commons.wikimedia.org/w/index.php?curid=3223928 https://commons.wikimedia.org/w/index.php?curid=45801753
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By NASA - http://spaceflight.nasa.gov/gallery/images/station/crew-20/html/iss020e04 1380.html,

Public Domain, https://commons.wikimedia.org/w/index.php?curid=16124733 Credit: NASA https://www.nasa.gov/content/expedition-38-soyuz-






* NASA classifies research into 6 broad
categories:
— Biology and Biotechnology - ~20%
— Earth and Space Science - ~10%
— Educational and Cultural Activities ~15%
— Human Research ~10%
— Physical Science ~10%
— Technology Development and Demonstration~35%
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Images Provided by Japan Aerospace
Exploration Agency (JAXA) Auto Feeder
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https://global.jaxa.jp/policy.html
When you use the Materials on the Site, you are requested to indicate their source in such a manner as designated by JAXA, for example, "Provided by Japan Aerospace Exploration Agency (JAXA)" or "Courtesy of JAXA". If space is limited, shorter versions of the indication such as "Provided by JAXA" or "JAXA" are acceptable.

https://jda.jaxa.jp/result.php?lang=e&id=6e69d4cad6bc8086f5aef6f2ea34b722
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NASA authored
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NASA authored images


Combustion Integrated Rack - Wikipedia
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Nasa authored

https://en.wikipedia.org/wiki/Combustion_Integrated_Rack







2011-2015 — average 25 hours/week
Increment 49/50 (Fall '16 — Spring ‘17) — averaged ~45 hours/week
Increment 51/52 (Spring ‘17 — Sep. ‘“17) — averaged ~63 hours/week

Increment 53/54 (September ‘17 — now) — expecting ~68
hours/week

Increment 54 had a week with ~110 hours of payload science
research!

Russian Joint Research — Bartering for Russian crew time

More crew time = more research!
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By NASA - https://blogs.nasa.gov/spacestation/2020/12/21/new-science-airlock-expands-stations-research-capacity/ (direct link), Public Domain, https://commons.wikimedia.org/w/index.php?curid=97933779

Bigelow module is a NASA authored image from Wikipedia

Life Science Glovebox – https://ntrs.nasa.gov/api/citations/20180007895/downloads/20180007895.pdf 





Questions?




Guiding Principles for the HP Leadership Team

We, the Leadership team, agree to lead by example and
commit to the following expectations, model
accountability, plus encourage behaviors in others:

+ Demonstrate servant leadership.

- Assume positive intent of others — extend trust and be
trustworthy.

« Don't speak destructively about other people or organizations,
even behind closed doors.

- Work to resolve differences quickly, directly, and respectfully.
Keep short accounts.

« Seek first to understand, then to be understood.

« Avoid deliberate public surprises; communicate with key
stakeholders ahead of time.

+ Lead in a way that demonstrates support for a diverse and
inclusive culture.

« As you play your position, respect the value of all positions.

« Seek ways to advance the goals of NASA and MSFC ahead of
your organization or personal interests.

« Actively support continuous learning, new ideas, and innovation.

The following HP principles are
derived from Marshall Senior
Leadership Team values...




Who is HP20?

DAO1

Office of the Director, MSFC

HPO1

Human Exploration
Development and Operations

3 3 HP20

HP40

Payload & Mission
Operations Division
(PMOD)
HP22 HP21
Operations Integration Office Operations Directors Office

HP23
Planning & Analysis Branch

HP25
Space Systems Operations Branch

HP26
Payload & Crew Operations Branch

HP27

Mission Systems Engineering & Operations Integration Branch



What Does HP20 Support?

HP20 provides mission operation capabilities for
primarily NASA Human Exploration and Operations
Mission Directorate (HEOMD) programs via the

Configurable Control Room SLS Engineering Support Center

HP20 customers, facilities, and
operations support include:

CUSTOMERS

« International Space Station
» Space Launch System

* Small Mission Satellites

» Deep Space Gateway

OPERATIONS SUPPORT
» Payload Operations Integration Function
(POIF)

FACILITIES

« Payload Operations Integration Center (POIC)
» SLS Engineering Support Center (SESC)
+ Configurable Control Room
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