Modeling Logistics and Supportability for
Crewed Missions Beyond Low Earth Orbit

Jon M. Vega, Jacob D. Kulikowski, Ari Drake, and Chel Stromg‘fren
Binera, Inc.

Chase S. Lynch, Andrew C. Owens, Nicole E. Piontek, and William M. Cirillo:(Retired)
Systems Analysis and Concept Directorate
NASA Langley Research Center

53'd International Conference on Environmental Systems
July 21-25, 2024, Louisville, KY
ICES-2024-95

This material is declared a work of the U.S. Government and is not subject to copyright protections in the United States.




Overview

« Logistics and supportability will become more powerful drivers of risk and cost for
crewed missions to the Moon and Mars.

« This Paper:
* Provides an overview of a methodology that is used for space mission logistics and
supportability analysis, including key metrics, assumptions, and required inputs.
« Acknowledges the unigue demand from planned dormancy periods in Artemis campaign
architecture and the challenges to modeling.

» Characterizes the differences in lunar and Mars missions and this relationship with
supportability analysis.




Supportability

« Supportability is a measure indicating how easily a
specific system can be supported within a given
context

« Comprised of a set of characteristics stemming
from design and operational decisions made during
system and mission development

» Analyses characterize the trade-offs between
mission metrics and their relationship to system
architecture and design choices

Objective of supportability analysis is to enable

iInformed decision making in the early stages of
mission and system design.

NASA 2007 Wertz 2011 Birolini 2004 Owens 2019
DOD 1981 Stromgren et al. 2012 Cirillo et al. 2011 Anderson et al. 2012
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Risk is defined as the combination of the probability that an event will occur and the
impact that will result if that event does occur

Utilize Probabilistic Risk Assessments (PRAS) to estimate the probability associated
with a set of outcomes

Uncertainty is a facet of risk and can be included when conducting supportability
analyses

In modeling, all the components of risk are quantified in the Probability of Sufficiency
(POS)

+ POS is the probability that the amount of maintenance resources provided for a given mission are sufficient to
cover all maintenance demands during a mission and is the key risk metric that determines required spares
allocations.

Supportability analyses alone do not reduce risks, but it does:
« Aim to identify and characterize potential risks
» Provide decision-makers the information to prepare for or plan mitigation strategies for the risks

Aleatory Epistemic

Results from randomness Results from a lack of

inherent to the process knowledge about the

being examined process being examined
Intrinsic and irreducible Extrinsic and reducible

Anderson et al. 2012 Sherbrooke 2004
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Modeling
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Logistics

The items for health of the crew, health of the vehicle, and to support mission operations.

Categories of Logistics
Determined with the

—  spares modeling
approach

Determined by the
~— consumable logistics
model




Spares Modeling
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The Test Plan reduces the epistemic uncertainty of
the Failure Rates and Error Factors, producing more
accurate results for the spares analysis.
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Logistics Modeling
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Consumable Logistics Modeling — Solid Goods
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Consumable Logistics Modeling — Gas & Liquids
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Crew Time Modeling
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Crew Time Modeling
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Integrated

Supportability Analysis
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Dormancy Impacts

Crewed New Crew
Mission Crew Departs Dormancy Arrives
® ([ ® ( ® O
Dormancy Active systems could Restoration of
Preparations experience failures Systems
Transition systems to dormancy state Restoring systems could

experience failures

Crewed and Uncrewed Durations for Sustained Human Spaceflight

Salyut1 | W Uncrewed
skylab [l m Crewed -
Salyut3 |
salyut4 |Jl Modeling Dormancy
salyut5 i} Dormancy Experience
savutc [N
st -
T N ]
s I ¢ Supportability modeling can characterize the
15_:0:; I- ' | | effects of dormancy on mission metrics
Tiangong [ memispaemeoniney - DOrmMancy experiences will help refine

{:;;3;;1— supportability modeling
500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5500 6,000 6500 7,000 7,500 8,000 8,500
Days from Initial System Deployment

(=]

14

Owens et al. 2022



Moon and Mars Differences

Modeling methodology is the same for both lunar and Mars
surface missions, however, the parameters used are different

Owens et al. 2022 Wall 2022 Parisi et al. 2023




Designing Systems with Supportability in Mind
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Conclusion

 Logistics and supportability will become more powerful drivers of risk and cost as Lunar and
Mars missions are developed.

« Supportability analysis characterizes the relationship between system design, mission design,
risk, and resource requirements, and can help guide system development and mission
planning.

» Supportability modeling uses spares, consumables, and crew time models to characterize the
trade-offs between mission metrics and their relationship to system architecture and design
choices.

« The same modeling methodology can be used for lunar and Mars missions with different input
parameters.

« Analysis alone doesn't reduce risk, but it does enable more informed decision-making during
system development, which can enable safer and more effective systems.

17



Thank You

Any Questions?
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