oncept
ploration




o Solutions

t

g

- F',:.P‘-::n iba..-'.:-:-'m:d:ﬁ\ Ay

—— Briefing Topics

A Employee-Cwined Company

h-._'
=

‘Sc.i € N Cc e

Overall Approach
Initial Concept for Technical Solution

— Architecture

— Missions Campaign
Initial Assessments
Schedule and Products
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Refine a lunar exploration mission architecture and campaign
that provides an atfordable yet safe and reliable infrastructure
for testing systems and operations that will be used on future
Mars missions

Architecture options and system performance options within
these architectures have been studied extensively

Develop FOMSs related to safety, risk, reliability, performance,
sustainability & evolvability, and cost

Bring lessons learned from recent program support and
relevant studies

Integrated evaluation of FOMSs at architecture level to assess
trends and impacts
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A Spiral Development

A Employee-Cwined Company

 Initial assessment of spiral development needs
in the context of the recent mandate
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Risk Statement

Long duration human missions bevond
LED may not he safe due to radiation
effects on hurman physiology

Mitigation Outline

Technical Risks
i1

Fadiation shielding concepts developed and proven in variety of test beds
(Earth laboratory, |55, CEV demonstration flights) to mitigate ths Crew
heatth risk

E 2. High Isp propulsion technolony development intiated early in prograrm to
- reduce miesion durations as much as possible
\ __ RT-2  Inability to dock criical systems in orhit at Low 3. Repeated mesions demanstrate various docking systems early in campaign
o~ LED andfor LLO aborts key mission to prove capahility and add confidence in miEsion success predictions

E.-.' RT-2  Crew stranded on lunar suface, unable | Medium 4 Predeployment of additional sudace assels and remote monitoring ensures
= to return to Earth redundant systers available before Crewed mission ev er launches

m,f 5. System failure tolerance optimized through modulanty
- B Abundant operational workarounds built into miesions, such a harware

cannibalization and multimission'recanfigurable software

’L Sep 13, 2004
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System Concept System System Requirement
Architecture <::> Analysis <:> Integration Engineering
Definition

Base

* Define Mission Objectives - Define Operational Concepts * Develop Enterprise * |dentify Capabilities

* |dentify Stakeholders * Develop Functional Models Requirements Require ments

- Define System B oundaries - Using CORE * Allocate Requirements for Each Mission

* ldentify Constraints & * Determine Interfaces System Level + Advanced Technology
« Driving Requirements * Determine Capabilities * Manage Requirements Assessment Using

* Develop Int ted Trade Tool Set Usging Doors Fast Pact
b d + Require ment Viability

+ IEL

* Operational Concept * Populated + Systems Simulations
Description Requirements Database . : :
i Mickion Objoctives - FFED/DEF0 Models with Allocations fo Systems | * hcdulrements Amlysis
* Schedules/Plans * DRM for Each Spiral
* Trade Studies

Products | Activities
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* Technology
— Launch Vehicle, High Isp In-space Propulsion, Lunar Surface Power

* Modularity
— CEV, Habitation Module

e Reuse

— CEV Capsule, Lunar Surface Infrastructure Elements, In-space
Propulsion

« Campaign
— Number of Missions, Test Objectives in each Mission, Mission
Sequencing;, CEV Draft Level I Requirements Impacts
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Architecture Level
Trades and Assessments

Mission Analysis and | Safety and Risk
System Performance Modeling

Modeling

Reliability Cost
Modeling Modeling
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— Use of probabilistic methods, specifically in relation to cost, safety and
rehiability where uncertainty may be high, are important for properly
characterizing and comparing alternative programmatic and design paths

— Including the risk and uncertainty associated with advanced or complex
technical designs in the architecture assessment allows lower performance but
less complex alternatives to be considered and kept as back-up options for risk

mitigation purposes

* Modeling Issues

— Models for extended lunar campaigns not developed but elements to do so
already exist

— Data from Apollo missions 1s difficult to come by and may not be
representative of current capabilities
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— STS has surpassed and ISS approaches the program
duration projected for these lunar missions; reliability and

°
= sparing trend data are available

o + example - ISS MDMs: mitially planned as mostly identical with
o | common sparing source; ultimately mostly unique with no

common sparing but constrained sparing budget

n
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* Modeling Issues

— Models for extended lunar campaigns not developed but
clements to do so already exist

Frresm See.d e
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— @Ground Rules and Assumptions must be established prior to analysis
mitiation
» Phase durations, fiscal year outputs, inflation indices, etc.
— Cost 1s dependent on system design mput parameters - typically
defined close to study deadlines

» Cost parameters must be received in a timely manner to develop estimates
and perform sensitivity/risk analysis

* Modeling Issues
— Operations models for extended or long duration planetary surface
systems (e.g., habitats) not developed to date

— Similar concems for systems or technology with low maturity or few
historical instances



=woanw |nitial Schedule and Resources

A Employee-Cwined Company

Reuse Trade Studies - - -

Final Repaort ;-1 4

Campalgn Optimization Trades

44— Model Developmen
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 Agsess architecture-level FOMs at
the system level

+ Assembled team with skills in
primary areas of interest:

* Bulding cross-cutting model to
cvaluate architecture level trends
and 1mpacts

system performance
safety

risk

reliability

cost




