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Supportability Analysis Objectives

* Future human spaceflight missions beyond Low Earth Orbit (LEO) will operate in a logistically
iIsolated environment for longer than any previous mission

— System reliability and maintenance logistics will be critical considerations
— It is necessary to have a data driven understanding
Objectives:

* Perform an in-depth analysis of reliability and maintenance data and lessons learned for
Environmental Control & Life Support Systems (ECLSS) from the International Space Station (ISS)

— Improve failure rate estimates

— Evaluation of candidate system upgrades and their impacts on risk and maintenance logistics for
Mars exploration missions

— Evaluation and optimization of system test campaigns

« Document and present analysis findings to ISS and AES management and discuss their
implications for future systems development and mission/program planning



Supportability Analysis Flow Chart
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Modeling Systems and Proposed Upgrades

* Prior analysis has determined that 77% of spares mass for a Mars mission is Environmental Control
and Life Support Systems — Crew Health and Performance (ECLSS-CHP) mass

— The systems and specific components that compose the 77% are known
— Water and urine processing along with oxygen generation account for almost half of the spares mass

* This summer the supportability team
has been meeting with various Mars Transit Habitat Spares Mass Breakdown
system experts to understand the CORA 7% Supply & Distrbution
proposed system upgrades, how Sabatler 4%
this will impact the system
characteristics, and how the
reliability of systems could be ECLSS-CHP
iImproved with further testing i
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ECLSS Upgrades

* An accurate understanding of the original system is necessary in order to be able to effectively
model the system upgrades

* | collected all of the data we had for each system respectively and created presentations to be used
during conversations with system experts to validate our assumptions and clarify any discrepancies
that we had

* The proposed upgrades were captured with a description, the benefit, and objective, along with the
way in which it would be implemented into our spares model

— Typically this was a percent reduction in key metrics like mass, failure rate, or error factor
* In certain cases the upgrade resulted in a specific failure mode being removed
| performed an analysis looking at different ways of modeling upgrades
— This included looking at different parts the dataset and performing different types of analysis on that data
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Proposed Methods of Modeling Upgrades

FCPA Failure Rate and Error Factor over Time
Background
* The Fluids Pump and Control Assembly (FCPA) is
an one of many Orbital Replacement Units (ORUS)
that make up the Urine Processing Assembly (UPA)

* FCPA failed much more than was expected
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Proposed Methods of Modeling Upgrades
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Initial Recommended Method of Modeling Upgrades

Initial Recommendation FCPA Failure over Time
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Impacts of Upgrade Modeling on Spares Mass

« Continuing to use all of the data made the FCPA Spares Mass for Mars Missions with Different FCPA Inputs
appear much less reliable because it was accounting 160
for a failure mode that is no longer present 160 152

* Based on the currently accepted value, removing the
failures associated with the harmonic drive allows for
a 152kg reduction in spares mass

* Further investigation required to determine proper
representation of upgrade

* There are probably other ORUs in situations like this
where it was upgraded and because of the way the
data is collected it is not being represented properly
resulting in inaccurate penalization of the system

— Similar analysis done on UPA and WPA tanks where
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Future Plans

« Continue working with Supportability team as a
Programmer at Binera for Fall 2020

* Finish my degree at the University of Michigan
—Graduation Apr. 2022

Biomedical Engineering Pathways Intern at
JSC

—Set to start in January 2021
* Grad school
—Medical Engineering

 Focus in bioastronautics or aerospace
medicine
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Summary

| Nicole Piontek |

« Biomedical engineering at the University of Michigan
» Supportability Intern Fall 2019 — Fall 2020

| Main Project |

» Determining Impact of Upgrades on System Reliability and
Spares Mass

| Thank you!

« Andrew Owens
» Supportability Team
+ SMAB

‘ Questions?
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734-751-6453
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