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This presentation is informational only for the purpose of engaging the education community.

This information or any related discussions do not constitute NASA formal recommendation, approval, acceptance, or agreement. |

NASA reserves the right to change any feedback or assessment provided informally.




« Powerful Intro Video ~5:00 minutes long



Apollo 8 Crew:
Frank Borman, Jim Lovell, and Bill Anders



Presenter Notes
Presentation Notes
In Memorium to Bill Anders, who passed on June 7th this year. My slide background is the famous Earth Rise photo captured on Christmas Eve, 1969 as humans orbited the moon for the first time. More than 50 years later, Earthrise continues to be seen as one of the most iconic environmental photographs ever taken.
In the words of Bill Anders, The Apollo 8 crew set out to explore the moon, and they discovered the earth. 


More than 50 years after it was shot, Earthrise continues to be seen as one of the most iconic environmental photographs ever taken.
On Christmas Eve, 1968 the crew of Apollo 8 captured a spectacular sight as they orbited the Moon: the illuminated Earth appearing above the barren lunar horizon.
The Nasa astronauts were awestruck by what they saw.
"Oh my God, look at that picture over there! There's the Earth coming up. Wow, is that pretty!" Bill Anders shouted at fellow astronaut Jim Lovell. "You got a colour film, Jim? Hand me a roll of colour, quick, would you?"
"That's a beautiful shot," said Lovell as Anders clicked the shutter and captured what has become one of the world's most famous photographs.
The image was coined "Earthrise". It was the first colour photograph of Earth taken from space and quickly circulated around the world.

In the words of Bill Anders, The Apollo 8 crew set out to explore the moon, and they discovered the earth.

https://www.bbc.com/future/article/20230511-earthrise-the-photo-that-sparked-an-environmental-movement

On December 21, 1968, the three-man crew aboard the Apollo 8 spacecraft—Frank Borman, Jim Lovell, and Bill Anders
https://commons.wikimedia.org/wiki/File:Apollo_8_crew.jpg
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Artemis Overview: Where, Why, When
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Presenter Notes
Presentation Notes
I want to set the stage by sharing with you the Where, the Why, the When before getting to the HOW.

https://www.nasa.gov/humans-in-space/orion-spacecraft/
https://www.axiomspace.com/axiom-suit
https://www.nasa.gov/extravehicular-activity-and-human-surface-mobility/lunar-terrain-vehicle/
https://www.teslarati.com/spacex-starship-moon-elevator-nasa-prototype/
https://www.blueorigin.com/blue-moon
https://www.nasa.gov/mission/gateway/
http://www.collectspace.com/news/news-102822a-nasa-lunar-landing-policy-analysis-apollo-protect.html
https://www.nasa.gov/news-release/nasa-partners-with-industry-for-new-spacewalking-moonwalking-services/
https://www.archdaily.com/993439/how-is-architecture-supporting-exploration-of-the-moon-and-mars/63911745d46818610dcdca39-how-is-architecture-supporting-exploration-of-the-moon-and-mars-image


Where: The Lunar South Pole

KEY LANDING REGION
CONSIDERATIONS

Proximity to the
South Pole

Gentle slope for
landing and moonwalks

Constant view to Earth
for communications

Continuous sunlight throughout
the surface expedition
of about 6.5 days

Landing Accuracy
Surface data resolution

Combined mission vehicle

capabilities: Space Launch

System, Orion spacecraft, -
Starship Human Landing System &

A landing region is approximately
15 km?. Each landing region
includes multiple
potential landing sites.



Presenter Notes
Presentation Notes
Https://www.nasa.gov/news-release/nasa-identifies-candidate-regions-for-landing-next-americans-on-moon/
https://www.shine.cn/news/world/2208209430/

"Several of the proposed sites within the regions are located among some of the oldest parts of the Moon, and together with the permanently shadowed regions, provide the opportunity to learn about the history of the Moon through previously unstudied lunar materials," said Sarah Noble, Artemis lunar science lead for NASA's Planetary Science Division.
Access to ice resource and sunlight is critical for a long-term stay at the Moon because it provides a power source and minimizes temperature variations. Unlike the Apollo missions which concluded in 1972, Artemis is designed to create a permanent presence on and around the Moon.
"Lunar water ice is valuable from a scientific perspective and also as a resource, because from it we can extract oxygen and hydrogen for life support systems and fuel," said Jacob Bleacher, chief exploration scientist for NASA.
NASA explained that the selected regions provide landing options for all potential Artemis III launch opportunities, saying "specific landing sites are tightly coupled to the timing of the launch window, so multiple regions ensure flexibility to launch throughout the year."



Near Rectilinear Halo Orbit- NRHO: The Goldilocks Orbit .

ORBIT TYPES

LOW LUNAR ORBITS
Circular ar ellipbical orbits cloesa o the
. surface; excellent for remote sensing,
difficult to maintain i gravity well,

» Orbit period: 2 hours

DISTANT RETROGRADE ORBITS @ ..
Very large, circular, stable orbits; easy =
to reach from Earth, but far | .
from tha lunar surtace %
» Orhit period: 2 weeks
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Presentation Notes
https://www.nasa.gov/centers-and-facilities/johnson/lunar-near-rectilinear-halo-orbit-gateway/

NRHO is the perfect combination orbit options that provide a stable/fuel efficient orbit to support the 15 yr Gateway Station life and close access to the lunar surface. 


Artemis Overview: Why
ARTEMIS PREPARES FOR MARS

o5
. i Ah‘H- Gateway augmented and Habitable Mobility Platform  added to Gateway to enable Mars mission
£ Expanding the range with international habitat  delivered to complete Mars mission dress rehearsal dress rehearsal with
- 5 %- of surface exploration for increased capabilities  Artemis Base Camp at the Moon longer in-space
’ o and ISRU demonstrations ' and surface duralions
Testing kanding and

SUSTAINABLE LUNAR ORBIT STAGING CAPABILITY AND SURFACE EXPLORATION

MULTIPLE SCIENCE AND CARGOD PAYLOADS | INTERNATIOMAL PARTNERSHIP OPPORTUNITIES | TECHNOLOGY AND OPERATIONS DEMOMNSTRATIONS FOR MARS



Presenter Notes
Presentation Notes
https://www.yahoo.com/tech/nasa-artemis-moon-landing-program-202200575.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAIE_JM8PV2k_lhyJuzd2kzqRXtKxc-6Md8SXxu4GpepgpRJKV_H_7LxHWsio4glCldglGahBVlHdQSYWI7VrWyhCrjCQzxArU3_yrW3IZ0Qr6U288N-j3lE8WH-Q2Ut5K8WkXyP0OZzTtyXuZUyCP5I16t56L_W-rK-EunwjeDmf



Artemis: When

Nov 16, 2022 2026

First Woman & First Person of Color



Presenter Notes
Presentation Notes
Not unlike the Apollo Program, this developmental rocket program is making progress.
May 1961, President Kennedy committed America to landing on the moon by 1970 which was achieved over the course of 4 key test flights, with Apollo 11 landing July 20 1969.


@ LauncH
Astronauls
lift off from pad
398 at Kennedy
Space Center.

@ JETTISON ROCKET
BOCSTERS,
FAIRINGS, AND
LAUMNCH ABORT
SYSTEM

@ CORE STAGE MAIN
EMGIME CUT OFF
With separation.

Prox Ops
Bemonstration

ARTEMIS i

First Crewed Test Flight to the Moon Since Apollo

@ INTERIM CRYOGENIC
PROPULZSION STAGE
(ICPS) DISFOSAL BURN

PERIGEE RAISE
MANEUVER

APOGEE RAISE BURN
TO HIGH EARTH ORBIT . HIGH EARTH ORBIT

Begin 24 hour checkout CHECKOUT
of spacecrall. Life support, exercise,

and habitation equipment
FROX QPS5 evaluations.
DEMONSTRATION
Orlon proximity @ TRANS-LUMNAR INJECTION
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@ OCUTBOUND TRANSIT L
TO MOOMN
4 days outbound transit
along free return trajectory.

@ ENTRY INTERFACE (EI)

@ LUNAR FLYBY
4,000 Ami {mean)
lunar ferside attitude. -]

TRANS-EARTH RETURN
Retumn Trajectery Comaction
[ATC) burns as necessary
to aim for Earth's
atmosphere; travel lime
approximately 4 days.

GREW MODULE
SEPARATION FROM
SEAVICE MODULE

Enter Earth's atmosphera.

SPLASHDOWN
Ship recovers asironauts
and capsube,
PROXIMITY
QOPERATIONS
DEMONSTRATION
SEQUENCE
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Presentation Notes
Https://plus.nasa.gov/video/artemis-ii-meet-the-astronauts-who-will-fly-around-the-moon-official-nasa-video/

https://www.nasa.gov/wp-content/uploads/2023/03/artemis_2_map_october_2021.jpg



Artemis Il

Liquid hydrogen tank — Thermal radiator

Liquid oxygen tank —___

Docking adapter —



Presenter Notes
Presentation Notes
https://www.nasa.gov/mission/artemis-iii/#:~:text=Artemis%20III%20will%20build%20on,the%20lunar%20South%20Pole%20region.
https://www.nasa.gov/general/nasas-artemis-iv-building-first-lunar-space-station/
Gateway is taking shape on the ground, and engineers will connect its first two modules — the Power and Propulsion Element (PPE) built by Maxar, and the Habitation and Logistics Outpost (HALO) built by Northrop Grumman — for launch aboard a SpaceX Falcon Heavy rocket.  SpaceX’s Starship Human Landing System that will carry the next-generation spacesuits for moonwalks, and the SpaceX Dragon XL logistics module carrying science experiments and other supplies for the mission.

Blue Origin will support the A5 mission
https://www.blueorigin.com/blue-moon


NASA and the World are going back to the Moon

Rover and Exploration Activities

u m - -
This time to stay
(About the size of two microbuses

- Living space:13m?
+ Capable of accommodating
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The Artemis Accords are grounded in the Outer Space Treaty of 1967, outlining the vision and principles for a safe,
transparent environment that facilitates exploration, science, and commercial activities for all of humanity to enjoy.



Presenter Notes
Presentation Notes
https://www.nasa.gov/humans-in-space/artemis/
The Artemis Accords are grounded in the Outer Space Treaty of 1967, outlining the vision and principles for a safe, transparent environment that facilitates exploration, science, and commercial activities for all of humanity to enjoy. To date, 39 countries have joined the accords and are committed to establishing a peaceful, prosperous future in space. More countries will sign the Artemis Accords in the months and years ahead to ensure the entire world can benefit from our journey of exploration and discovery.

Toyota Drives Lunar Exploration with Manned, Pressurized Rover | Toyota Times | Corporate | Global Newsroom | Toyota Motor Corporation Official Global Website
NASA and the Mohammed Bin Rashid Space Centre (MBRSC) have entered into an agreement for MBRSC to provide the Crew and Science Airlock module for the Gateway Space Station. As part of the agreement, NASA will fly a United Arab Emirates astronaut to Gateway on a future Artemis mission. Pictured is an artist’s concept of Gateway (left) and an artist’s concept of a government reference airlock (right).
NASA




Human Systems Integration = Mission Success

Environment

Hardware

HSI is a required interdisciplinary integration of
the human as an element of a system to ensure
that the human and software/hardware

components cooperate, coordinate, and
communicate effectively to successfully
perform a specific function of mission.

A philosophy: By definition, HSI is a human centered mindset; a way of
thinking instilled in those who design, build, and manage a system
throughout its life cycle.

An approach to SE: Those responsible for designing, testing, fielding, and
managing systems must.ensure human performance characteristics
provide the foundation for SE.

A goal: The goal of HSI is to optimize total system performance through
effective human integration with system hardware and software while
minimizing program costs and risks.


Presenter Notes
Presentation Notes
HSI Handbook v2.0 092121_FINAL COPY.pdf (nasa.gov)

HSI repeatedly validates the original intent of the system from a human perspective, making sure that the true purpose of the system isn’t lost in the details
HSI considers the points where humans and systems interact, and brings together users, experts, designers, and engineers to make sure system demands are within the capabilities of its users
Continuous improvement: HSI systematically infuses information from past designs, operational use, and user feedback into systems development. 
HSI aims to contain lifecycle costs by bringing operations era experience to design and development with the intent of reducing manpower, skill demands, and training
HSI is critical for mitigating risks in human/systems design and integration for NASA planetary mission success 
HSI is critical for having an integrated approach to Human Rating



NASA HSI Domains Overview

Full life-cycle engagement of
operational considerations into
the design, development,
maintenance and evolution of
systems and organizational
capability

Designing for full life cycle and
simplified maintenance and
accessibility, reliability,
optimized resources, spares,
consumables and logistics
given mission constraints

Design for human-system interactions
given human limitations and capabilities,
and impacts of the operational
environments on performance

Human
Factors
Engineering

Operations

HSI

Maintainability
and Training
Supportability

Habitability
and
Environment

Ensuring system integration with the human
through design and continual evaluation of
internal/external living and working environments
necessary to sustain safety, human and mission
performance, and human health.

NASA

Implementation of safety considerations
across the full life cycle to reduce hazards
and risks to personnel, system, facilities
and mission.

Design and implementation of effective training
methods and resources to maximize human
retention, retrieval and transfer, proficiency, and
effectiveness to successfully accomplish expected
an unexpected mission tasks, properly operate,
maintain, and support the system and mission.


Presenter Notes
Presentation Notes
HSI Handbook v2.0 092121_FINAL COPY.pdf (nasa.gov)



Design Effective & Efficient Systems

Ensur raflonal-caeaf'bﬂlty & timeliness (HLS-HMTA-0273,

-0274, -02 75, -0276)

e Can the User comple'te the task in/at time required?

« Can the interface & procedures be used as designed or do
users improvise with alternate approaches?

Right-size workload (HLS-HMTA-0012, -0013)

e Can the user cognitively process all information
sources and execute all actions necessary to
successfully achieve complex or critical tasks within/at
time required?

* |s physical workload acceptable for complex or critical
tasks involving physical effort?

10/23/2019 NASA Pre-Decisional 16

Minimize error (HLS-HMTA-0273, -0304)
¢ Do intentional user actions result in unintended outcome?
e Are catastrophic errors eliminated by design?

e Are non-catastrophic errors mitigated to acceptable frequency
by design?






Presenter Notes
Presentation Notes
https://www.space.com/30073-virgin-galactic-spaceshiptwo-crash-pilot-error.html
https://www.ntsb.gov/news/events/Pages/2015_spaceship2_BMG.aspx


NASA Example: Collaboration with End-User = Success!

“Before”
s & . Ki_ts inside of. Kits (de§ign SEIE quo)
Y - Highly organized but inflexible
—

Q « Harder to manifest and update for

. ‘“ items with various expiration dates
"= =%
_ “~ |

“After” crew comments
* One big, open Kkit!
 Kept functionality
* Increased flexibility
* Improved resupply
» Looks less organized but is effective

A “counter-intuitive” design solution may have the lowest sustaining cost.



Presenter Notes
Presentation Notes
NASA/JSC  Adapted from Introduction to HSI - NASA
 example


A DoD HSI Success Story N(A\ﬂﬁ

Comanche Tool Kit

* The tool box for the T-53 series helicopter turbine

engine (Huey & Iroquois) had 134 different tools.
How Many Tools Does

« Because of MANPRINT and its inclusion of HSI in it Take To Maintain
the design process, the tool KIT for the T-800 for the A Turbine Engine?
Comanche has six tools instead of 134 Without MANPRINT

« And the tools are inexpensive & commercially ST R eTOMLLERES
available s\l e/ w T T TR Ts T

14
TT WL LT ﬁl'l‘“ﬁk A\

 Result: l'U/ ol QA TINTIS
 Fewer tools

 Less burden on the supply system
* Less training and inventory time

Increased combat readiness With MANPRINT 6 Tools

Which wouid You Prefer?

MANPRINT is the U.S. Army's Human Systems Integration Directorate
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Presenter Notes
Presentation Notes
Consistent Icon and Symbology
Up and down arrows can mean ‘page up/down’ or ‘Caution and warning is Increasing and Decreasing’
‘X’ can mean message ignored or an action stopped
EMERGENCY can be visualized as a bright Explanation Mark  or a big red ‘E’

We advocate for consistent use of colors to avoid conflict in meaning.

Standard NASA use of Cyan to indicate missing data from either failur or intended conditions.
In other use cases, we’ve found cyan to be used for the TARGET value

Consider your ADI Ball…in traditional aircraft (planes and space vehicles alike), it is common to find BLUE/light indicating sky and BROWN/DARK ground.  In space, it may be tempting to use BLACK/Dark to indicate space and a lighter color GRAY to indicate lunar ground. 


https://www.shanemielke.com/work/spacex/crew-dragon-displays/
https://www.nasa.gov/reference/orion-components/


SEQUENCE OF EVENTS

SpaceShipTwois Nine seconds into the d

lofted to 50,000 feat 70-second rocket burn, the ]

altivude (15.5 kilo- rudders unexpectedly

meters) by its White swing up into a feathered

Knight Two carrier position, increasing drag

aircraft. while the rocket continues
y 1 to accelerate. A
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Virgin.Galactic SpaceShip Two Failure

Root cause: Co-pilot error "premature
repositioning" of the spacecraft's tail wings

No safeguards for human error


Presenter Notes
Presentation Notes
The consequences of not including human factors consideration early or at all can be catastrophich.  Let’s look at the catastrophic Virgin Galactic Space Ship two Failure as a Case Study.

October 2014 catastrophic failure of SpaceShip Two (SS2) test flight resulted in death of co-pilot, serious injury of pilot, total destruction of SS2
NTSB attributed caused to co-pilot error and failure of the spacecraft's developer to “consider and protect against the possibility that a single human error could result in a catastrophic hazard to the SpaceShipTwo vehicle" 
Co-pilot committed error of unlocking SS2’s novel tail-boom “feathering” system too early while flying at Mach 0.8 rather than Mach 1.4, as original flight plan required
Early engagement of feathering system rotated twin tail booms upward while rocket motor was still firing during re-entry boost phase
Turbulence during the plane’s transonic flight overpowered the tail booms’ securing mechanism, leading to the vehicle’s destruction
NTSB determined error committed by veteran test pilot due to lack of consideration for human error compounded by task stressors
Hazard analysis did not consider pilot-induced hazards
System not designed with safeguards to prevent unlocking feather
Manuals/procedures did not have warning about unlocking feather early
Simulator training did not fully replicate operational environment
Task time was a stressor – had to be completed within 26 seconds or abort at 1.8 Mach if feather not unlocked
Task memorization was a stressor – flight test data card not used
Operational environment was a stressor – pilots had not previously experienced SS2 vibration and loads

https://www.space.com/30073-virgin-galactic-spaceshiptwo-crash-pilot-error.html
https://www.ntsb.gov/news/events/Pages/2015_spaceship2_BMG.aspx


https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20160010627.pdf

Task & Error
Analysis

22


Presenter Notes
Presentation Notes
We use case studies like this at NASA to ensure we are not repeating preventable failures. Annually, employees are required to review and revisit the lessons learned from the  Apollo I, Challenger, and Columbia accidents to remind the workforce of the huge responsibility we have to consider every possible data point, to support engineers and lower level employees who voice concern anytime in the design development and test flow, and to enable that voice NASA has established the Engineering, Safety and Mission Assurance, and Health and Medical Technical Authorities to act as independent pathways to dissent decisions made at the programmatic level that could put the mission or crew lives at risk.  My Division dedicates our jobs to implementing Human Systems Integration to ensure best practices like the use of Task and Error analysis are implemented in the design phase.  Let’s take a closer look at how that works.

Principals in Human Systems Integration

https://www.space.com/30073-virgin-galactic-spaceshiptwo-crash-pilot-error.html
https://www.ntsb.gov/news/events/Pages/2015_spaceship2_BMG.aspx


Notional Task & Error Analysis

Prepare for Landing

Monitor System Performance

Monitor Landing Events

Override Landing

Respond to Depress

Respond to Cabin Fire

Access PFE

Operate PFE

Suited
Vent

Suited
Vent

Suited
Vent

0:30

Glove ID 0:15

Was out of limit condition correctly identified by crew?

Was correct action performed at correct time?

Was task correctly completed within time limit or time to
effect?

- Was necessary information provided to crew at time of event?
- Was necessary information visible & understandable to crew?
- Were necessary controls evident to crew at the time needed?
- Were necessary controls operable by crew to required level of
accuracy?



Presenter Notes
Presentation Notes
NASA-STD-3001 V2  NASA Human Health, Medical, and Performance Spaceflight S�Design Effective & Efficient Systems�Usability, Workload, Error

These are the skills we look for our new employees and young workforce to be bringing to our agency.  We COUNT on these disciplines being included in curriculums so that those early career folks taking opportunities in the commercial spaceflight sector are as eagerly implanting Human Factors Design and HSI Disciplines.


@

‘““Fly like you train...
Train like you fly...”



Presenter Notes
Presentation Notes
Here I will discuss some of the unique training facilities NASA utilizes to prepare our astronauts and mission operations support team for our upcoming lunar missions


 Complex and varying terrain
* Slope Assessment
3D Wind

* Degraded Visual Environment (DVE)
*  White out/Brown Out

* Obstruction Identification

NASA Program. of Instruction at HAATS

 Two week course; NLT L-18 month to flight
Black Hawk Night Flight
* White phosphor Night Vision Goggles (NVG)
Chinook Autopilot Demo
e Advanced auto land capability
e Automation fails approaching LZ with large
cliff requiring crew intervention

Human Factors

* Physiological understanding and limitations

* Human vulnerability to spatial disorientation

* Determination of spatial position, attitude, and motion

* \/isual.illusions and misinterpretations

* Proprioceptive-perception of body movement and
positions

 Workload -Task Saturation & Spatial Disorientation

* Hypoxia exposure and management



Presenter Notes
Presentation Notes
https://co.ng.mil/About/Schoolhouse-HAATS/#:~:text=High%2Daltitude%20ARNG%20Aviation%20Training%20Site&text=The%20High%2DAltitude%20Army%20National,Colorado%2C%20on%20Eagle%20County%20Airport.




Fitness for Mission Tasks (FMT)

A



Fitness for Mission Tasks (FMT)
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Rocket Science is Still Hard

JAXA
SLIM

R < = 2

A camera aboard a small micro rover deployed from Japan’s
SLIM lunar lander captured an image of the probe resting on
one side a few feet away after an engine malfunction during
the final stages of descentJan. 19. Image: JAXA.

& 0 s :
. of LA B Y Ve

Sept 6, 2023 (Jan 19, 2024)

Astrobotic Intuitive Machines
Peregrine Lander “Odie”

Jan 8, 2024 Feb 15, 2024 (Feb 22, 2024)

Odysseus lunar lander

Height: 4.3 metres o Thrusters

Navigation pod

Helium tank

Carbon
composite
structure

O

.

A photograph of a crescent Earth seen by the Peregrine
lander on Jan. 18 as it made its way toward a reentry
over the Pacific. (Image credit: Astrobotic)

A selfie snapped by Intuitive Machines' Odysseus lander on the
surface of the moon on Feb. 22, 2024. The company shared this

shot via X on Feb. 29, 2024, the day Odie powered down. (Image
credit; Intuitive Machines)


Presenter Notes
Presentation Notes
SLIM- smart lander for investigating moon
https://spaceflightnow.com/2024/01/25/despite-engine-malfunction-powered-down-japanese-moon-lander-achieves-major-goals/
One of two engines powering a Japanese moon lander during its descent to the surface Jan. 19 suffered a malfunction of some sort just 160 feet above the lunar surface that sharply reduced its power, the Japanese space agency said Thursday.
The spacecraft touched down at a safe, lower-than-expected velocity, but it was moving too fast sideways because of the unbalanced thrust. As a result, the otherwise-healthy probe apparently tipped over on landing, leaving its solar cells, attached to the upper surface of the craft, pointed to the west, directly away from the sun.
With the engine problem, the probe ended up landing about 180 feet from the target, still well within the 100-meter (328-foot) goal.
The probe also successfully deployed two small micro rovers during the final moments of the descent, one designed to hop about the surface and the other designed to roll. Both appeared functional and one beamed back an image of the SLIM that showed the spacecraft resting on one side a few feet away.

ODIE- Odyseuss
https://www.space.com/astrobotic-peregrine-moon-lander-mission-conclusion
Peregine launched Jan. 8 on the first flight of United Launch Alliance's (ULA) new Vulcan Centaur rocket. While the launch went smoothly, Peregrine suffered a propulsion anomaly just hours into its mission that created a significant propellant leak. It soon became clear that Peregrine would not reach the moon and would fall back to Earth, and the lander eventually reentered the atmosphere and broke up over the Pacific Ocean on Thursday (Jan. 18).

"But there's a lot that worked," Thornton continued. "And that is something I'm very proud of. That Astrobotic designed and built hardware like avionics and software and systems architectures and other parts of the spacecraft  — they all worked.“
Some of Peregrine's payloads also performed admirably despite not reaching their final destination. A radiation detector built by the German Aerospace Center (DLR) was able to collect 92 hours of data related to the radiation environment in cislunar space, and two NASA-built instruments, the Neutron Spectrometer System (NSS) and Linear Energy Transfer Spectrometer (LETS), were likewise able to take measurements of this radiation during Peregrine's flight.

PEREGRINE
https://www.space.com/intuitive-machines-im-1-moon-mission-ends
The solar-powered Odie operated on the lunar surface for seven Earth days, then went silent after the sun went down at its landing site. This was the expected length of the lander's surface mission, but Intuitive Machines held out some hope that Odie would wake up when sunlight bathed its solar arrays once more. 
Odysseus launched on Feb. 15 atop a SpaceX Falcon 9 rocket, carrying 12 payloads toward the moon. Six were NASA experiments that the agency put on board via a $118 million contract from its Commercial Lunar Payload Services program, or CLPS, and six were private payloads belonging to a variety of customers.
The 14.1-foot-tall (4.3 meters) Odie reached lunar orbit on Feb. 21 and landed a day later near Malapert A, a crater about 190 miles (300 kilometers) from the moon's south pole.
That landing turned out to be dramatic. Odie came in a bit faster than it was supposed to, thanks to a problem with its laser rangefinders, and ended up breaking one or more of its six landing legs during the touchdown. As a result, the spacecraft tipped over onto its side.
But Odie could still function in its supine state. NASA got data back from all five of its active payloads, agency officials said after the historic touchdown. (The sixth NASA payload is a passive laser reflector array that's designed to help other lunar spacecraft navigate.)





Lunar Surface Capabilities
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Presentation Notes
Three companies were awarded base period contacts in April to bring to life their Lunar Rover designs.  Each of these will have unique interfaces to each other and unique from the spacesuits and spacecraft.  It is the responsibility of our workforce to guide and negotiate common interfaces that will reduce training needs, reduce the risk of inconsistent or conflicting design in software, displays and controls, and operation that collectively will be necessary to result in mission success. 


A Sustained Lunar Prescence
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https://www.smithsonianmag.com/science-nature/four-things-weve-learned-about-nasas-planned-base-camp-on-the-moon-180980589/
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A Human-Rated System...

Controls hazards
and manages

Accommodates

human needs safety risk

associated with

NASA Human Health, Medlca andspercf%frlrﬁance Spaceflig

Maximizes
The overlapping graphic is capability to safely
intentional: it is common for aspects Effectively utilizes recover crew from
ibute to human capabilities hazardous
situations (Crew
Survivability)


Presenter Notes
Presentation Notes
The overlapping graphic is intentional: it is common for aspects of vehicle design to contribute to multiple human rating elements


Virgin Galactic SpaceShip Two “(Qﬂt“

» October 2014 catastrophic failure of SpaceShip Two (SS2) test flight resulted in death of co-pilot,
serious injury of pilot, total destruction of SS2

- NTSB attributed caused to co-pilot error and failure of the spacecraft's developer to “consider and
rotect against the possibility that a single human error could result in a catastrophic hazard
o the SpaceShipTwo vehicle"

Co-pilot committed error of _unlocki_n% SS2’s novel tail-boom “feathering” system too early while flying at Mach 0.8
rather than Mach 1.4, as original flight plan required

« Early engagement of feathering system rotated twin tail booms upward while rocket motor was still firing during re-
entry boost phase

« Turbulence during the plane’s transonic flight overpowered the tail booms’ securing mechanism, leading to the
vehicle’s destruction

« NTSB determined error committed by veteran test pilot due to lack of consideration for human
error compounded by task stressors

* Hazard analysis did not consider pilot-induced hazards

« System not designed with safeguards to prevent unlocking feather

* Manuals/procedures did not have warning about unlocking feather early

» Simulator training did not fully replicate operational environment

» Task time was a stressor — had to be completed within 26 seconds or abort at 1.8 Mach if feather not unlocked
+ Task memorization was a stressor — flight test data card not used

» Operational environment was a stressor — pilots had not previously experienced SS2 vibration and loads

37
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Presentation Notes
https://www.space.com/30073-virgin-galactic-spaceshiptwo-crash-pilot-error.html
https://www.ntsb.gov/news/events/Pages/2015_spaceship2_BMG.aspx
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Opportunities in Human Spaceflight Careers .

« USAJOBS - The Federal Gover;
* hitps://spacemedicineassociatio
 https://www.asma.org

iIcial employment site



https://www.usajobs.gov/
https://spacemedicineassociation.org/
https://www.asma.org/

Human Risks in Extreme Environments

Space Radiation
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https://www.nasa.gov/wp-content/uploads/2020/09/researchers_guide_human_research_tagged.pdf?emrc=2bf828
https://www.nature.com/articles/s41526-020-00124-6/figures/1



The NASA Workforce .

« DEIA talking points
* Best place to work in the governmel
« Our people are our greatest asset

years running
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