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Proposed Objectives

Recommended Level 0 Objectives

Science <

Econ =

Security <

e

2.

Develop and Demonstrate Methods, Technologies, and Systems for
Human Exploration of the Solar System

Determine the Extent of Exploitable Resources on the Moon; Assess
and Demonstrate In Situ Resource Use

. Develop Methods to Mitigate Impact of Long-Duration Human

Exposure to the Space and Lunar Environments

Determine the Origin of the Moon and Impact History of the Inner
Solar System

. Stimulate the High-Tech Industry in the United States
. Enable Commercial Lunar Activities by Developing and Transferring

Lunar Knowledge and Capabilities to Private Sector

. Develop and Maintain Autonomous Proximity Operations, Docking,

Support, and Assembly Capability

Develop and Maintain Space Asset Human Servicing Capability in
Near-Earth Orbits

Improve and Sustain the Nation’s Technical Workforce by Inspiring
Students to Pursue Mathematics, Sciences, and Engineering



e Rt e, R

o IROP GRUMMAN

DEFI_NING THE FUTURE e,

Proposed Objectives
Recommended Level 1 Spiral Objectives

Recommended Level D
Bold Blue — Meets 3 Specific Time-Based NASA Requirement Objectives

@ - Major Contributor Security [Econ | Science
- Corribtor
o ]2 2[1]2[3]4
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Robatically Collect Topography, Gravity, Radiation, and Hineralogy Data by 2008 to Support Site Selection
Demonstrate Crew Exploration Vehicle (CEV) Earth Entry, Descent, and Landing System (EDLS) by 2008
Fobotically Collectand Return Lunar Surface Samples by 2010

Fohotically Qualify a Human-Fated CEV and Crew Launch VWehicle for Fendezvous, Docking, and EDLS by 2011
Demonstrate Crewed CEV Habitability, Egressingress, EVA, and Crew Transfer by 2012

Fobotically Demonstrate 1£0-Day CEV On- Orbit Endurance by 20132

Qualify Exploration Transfer Stage by 2018

Deploy Space Weather Monitor by 2016

Qualify Enc-1o-End Crew Transportation System by 2017 ]
Conduct a Crewed Day ! Night Stay on the Lunar Surface by 2018
Demonstrate Surface Muclear Power Operation by 2013

Demonstrate Base Surface Operations and Logistics by 2020

Prowve 1£0-Day Crewed Endurance by 2021

Conduct Long Duration Traverse ! Science Exploration by 2022
Demonstrate Critical hars Surface Functonality by 2022 (o)
Dewelopment and First Flight of 100t Class Launch Mehicle (2024)

Cremwed LEQ Demonstration of Mars Elements: Endurance and Latencies (2024 o 202€)
Crewed Demonstration of Mars Landing and Return Elements at te Moon (2026,

First Crewed Mars Flight (2027
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Three Spiral Initial Concept Established

* Credible Baseline Established Based on Concept Studies and Initial Trades
* Primary FOMs considered: Cost Profile, Safety, Prob. of Mission Success
« Broad Trade Space Defined

Point-of-Departure Concept Features:

— Explorers on the moon for entire month in 2018. Evolve to a sustained human
capability by 2020.

— Safe human transport using Earth-Moon Lagrange point (EML1) rendezvous, for
flexible lunar access and earth return

— Deliver unmanned cargo and surface systems using efficient direct trajectory.

— Elements launched, assembled in LEQ into transiunar vehicles like Mars
missions in later spirals.

— Minimized number of uniqgue elements.
— Fiight elements sized to balance fauncher development affordability, reliability.

— 55t commercially procured Atlas or Delta derivative launchers for cargo.

— Lunar exploration features both fixed and mobile assets, potential Mars
architectures
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Early Trades Show Affordability of

Intermediate Launchers

« 130t Launcher Unaffordable in Early Development, No

Cost Benefit Over 55t Class

* Reliance on Existing LVs Unaffordable Post-2016 Due

to Launch Rates

+ 55t Class Cheaper Than Reliance on Current Vehicles

L Estimated Annual Exploration Costs {Industry Portion)
10 vs Launch Capability
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Spiral One

Spiral 1, 2005-2014 | =
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Spiral 2, 20102020
Humans Return to the Moon
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Spiral 3, 20152025

Extended Lunar Exploration and Mars Preps
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Constellation Systems - Initial Concept

Surface System (SS8)

* Long-Term Hahitat for a Crew of Four at
the Base Location — 5m, 15t modules

* Supports Surface Science and Exploration
* Provides Crew Mobhility

= Supports Infrastructure for Lunar
Resource Wtilization and Lunar Commerce

= Testhed for Future Mars Missions

Robotic Precursor System (RPS)

* Reduces Risks for Manned Missions

= Discovery or Mew Frontiers Class Incl./ Lunar
Reconnaissance Orbiter (L RO} in 2008

= Sample Return Mission to the South Pole-
Aitken Basin in 2010

Ground System (GS)

* Processes 505 System Elements for Flight

= C3l for CrTS, CaTs, and S5 Elements

= Flight System and Crew Recovery Simulators
* Hon-Toxic Propellants — all LH2/LOX

Crew Recovery at Edwards AFB (Primary),

White Sands {Secondaryj, Ocean
{Contingency

= Automated Mission Planning and Flight
Operations with Integrated System Health
Management

= Crew Launch VYehicle
= Uses ETS 1
= Atlas V¥ Derived First

Crew Transport System {CrTS}

= Four Crew CEY

= Multifunctional
Hab Module {(HM)

= Long Duration
Loiter

* Two-5Stage Lunar Lander
= Carries CEV HM
= Autonomous Ops

= ETS-1 = ETS-2 (Exploration

= Human Rated Transfer Stage)
Upper Stage = EML1/Earth Transfer

= Higher TAW * Long Duration Loiter

= 55t non-crew launchers
* 5m P/L Fairings

* Commercially-Procured

Stage Standard Loads

= Includes CITS Common Elements, ETS-2, LM, and
55t Launch Capabhility

= Prepositions Lunar Base Modules
» ETS/LM/Cargo, Direct to the Moon for Efficiency

* JIMO-Derived Solar-Electric Tug Option in Spiral 3 -
Affordability Trade

In-Snace System (I-55)

= Space-Based Sﬂace Weather Monitor (SYWM)
for Space Weather Predictions and Status

= Far-Side Telecommunications Coverage
“ Using Two-Ball EML2 Halo Constellation

SV

EML2 Commigg,. Optional Near-Side Constellation for Prox

Ops
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System of Systems Trades

Trade Area cR-ha-CAnLing initiaf Concept Rationale
Spiral 2 Base Crew Size 1 [TI m [5 ] [ 6 ] [ 8 ] [10] Two Buddy Teams, Affordability
Spiral 3 Base Crew §ize m [T] m m [ 6 ] l 8 J [1!1] Lugi:ggse Two Buddy Teams, Affordability
Spiral 2 Unresupplie®Base Endur I 5 daye ] [ 15 days ] Operations Over Entire Lunar Month

Spiral 3 Unresupplied Base En(® 90 day= 180 day= Threshold for Sustainable Operations

Improved PLOC, Easy Ahort to Earth

Crew Near-Earth Assy Orhit

Cargo Mear-Earth Assy Qfit Easier, More Rapid Launch of Spares

staging

Crew Near-Lunar Assy Qrhit [ Hone ” Polar ][ Equatorial I[ Cycler ][ Deep Space l

$afe, Earth, and Lunar Access/Logistics

Cargo Mear-Lunar Assy Orhit [ Polar ] [ EML1 ][ Equatorial J[ Cycler ] Mass/Cost, 10% Lower d Than EML1

[ —
Lunar Base Deployment Plan ‘Robotically Preestame vozc F=€ Lrew to Establish Lunar Base Crew Safety

Lunar Base Location

Docking Port Type [ cargo specific | | Surface Speciic | Flexibility, Evolvability / Extensibility

Avionics and Software Architecture _ Modular Rm:mﬁguaﬁl& Module Specific } Reliability, Mars Extensible

T [ Polar ][ Meridional J[ Far Side ] MareHighlands Interface, Full Sky

Proposed Initial Concept Key Trade Options ]
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Trade Area Trade Options initiaf Concept Rationale
Base Setup Assy and Control HsmIRy: Rfordaility
Habitat Construction [liuid DEDh]NhIEi [ Inflatable ] [ Tranelunar Tanks ] Rigid Modules Proven on IS5

Habitat Radiation Shielding Regolith “Insulation” Reduces Landed Mass of Modules
Extent of Hab Rad Shielding Balanced Design Maximizes Safetykg
Spiral 2 Base Power Source | Huclear | [From El'ul_1| Affordahble Initial Lunar Hight Capabhility
Spiral 3 Base Power Source [E] | Photovokaic Lunar Sustainability, Mars Extensibility
Base Power Storage More Robust, Less Complex

Ingress-Egress Methods [Dewmuiae Hab Mudule] ['u'ia Pressurized Ruuer] Reduces Risk, Inc Crew Safety
Landing Zone Separation ["““E {Land in P'“‘E]'I m Crew Safety and Base Sustainability vs Mohility
Base Element Offloadi Transport ["D"E (Land in Plﬂﬂﬂ]'] [ﬁﬂlﬂ'"'lﬂhilﬂl Safety and Reguirements Simplicity

Crew Mobility Enablers ' ShortRange Rovers (Unpress) Mohile Labs (Long Ranoe) Logistics Affordability, Science Quality
Surface EVA 5 pacesuit [Hew Robotic Enhmced][ Excterior Only WK firlock 1F ] Commonality, Cost

Proposed Initial Cunue_pt [ Key Trade Options ]
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Crew Transportation System Trades

Trade Area Liade Qptions CLV Initial Concept Rationale

Crew Launch Yehicla EELV-M .n;'t_las'v _(:-:EB_-}_E'TS [EEL'U'-H] [Zenit 51+ ETS ] SPRM + ETS | ____:Bafety: Propulsion, Staging, and Abort

Crew Accom Partitionin Separate RM and HM Pﬂ rﬂ-ﬂ-'ﬂﬂ l-'ﬂg maller, Lower-Cost RM, Multifunction HM

Integrate Sh With BRM ([ 57 06T i sl ol | Integrate: S vith HM

Docking Port Hardware [ LIDS Derived ] [ Existing (APAS/ Russian) ] m Flexibility, Mars Extensibility

Senvice Module Partitiomr Flexihility, Evolvahility /Extensibility

ETS and Lander Propulsion Safety :Eq_gineiﬂm Capability. ['"“rem Engine m'iah“i}q Redundancy for Crew Safety

CLY Launch Pad [I'u'lud Atlas patj [I'u'lud Shuttle pad} [ Mod Delta Pad ] m Optimized for Safety, Avoids Access Conflicts

Refueling

Crew Trans Propellant Tanks Lower MassSystem Cost, Insulation™MOD Benefits

Crew Trans Lunar (ETS) Prog Lowest Risk, Fast Transfer

Crew Lander Configuration LV Limited, Crew Safety

Crew Lander Propulsion Gel ] Lower Mass and Systemn Cost

Proposed Initial Concept keyTradeOptions | j{oy fssues
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Cargo Transporation System Trades

Trade Area Lrade Options initial Concept Rationale

Fhu’mﬂ neriuec] [Hfm Heauyl_mJ [lnternatimal]
Non-Crew Spacelift

= m o ) i

Cargo L oad Size Standardization Crew Trane Driven Std u,ﬁ,m 5},5 Driven St
LH, Nuclear-Beckic thrfledm: NuclearThemal

Spiral 2 Honcrew LY Syste Affordable Devel opment

Honcrew Launch ultiple Units, Lower Cost

Maximurm LEQ Launch ant ][ 130t alance of Affordability | Reliability

Commonality for Affordability / Reliability

Cargo Translunar Propulsion -'- Commonality for Affordability / Reliability

Cargo Lander Design Same 25 Crew Trans (Ho Ascent) Refueling OF  commonality for affordability / Reliability
Hign fsp Cargo
Propuision

I (s ) Key fssues
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Driving Architecture Issues

« Scope of Initial and Evolved Lunar Infrastructure
« CEV Crew Size / Crew Exchange Manifesting

« Staging Approach

« Viability of In-Situ Resource Utilization

« Non-Crewed Spacelift Payload Size vs. Number of Flight Elements
— Larger: Fewer launches, Simpler in-space ops, Traditionally more reliable
— Smaller: Higher flight rate > Requires reliable multi-element in-space
operations and responsive spacelift
« Effectiveness of Refueling / Reusable Elements
— Higher payoff for Lander and Transfer Stages
— Propellant modules vs. Propulsion modules vs. Propellant transfer
— Reuse of tankage — surface habitats, in-situ resource storage

« Effectiveness of High Isp Propulsion Transfer for Lunar Missions
« Engaging Broader Communities — Effect on Requirements



