Concept Exploration and Refinement (CE&R)
Concept Area 1 (CA-1) Mid-Term Review




Looking for the solution
without listening to the problem

IS working in the dark
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CA-1 Midterm Agenda

Exploration Objectives

Architecture Overview/Definition

System & Element Requirements

Trade Studies & Analysis for Super System & CEV
Technology Requirements

Exploration Programmatic and Technical Risk Assessment
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Goal and Objective

The fundamental goal of this vision is to advance
U.S., scientific, security, and economic interests

through a robust space exploration program. In

support of this goal, the united states will:

—Implement a sustained and affordable human and
robotic program to explore the solar system and
beyond,;

—Extend human presence across the solar system,
starting with a human return to the moon by the
year 2020, in preparation for human exploration of
Mars and other destinations;

The Vision

for Space

decisions about the destinations for human Exp|orati0n
exploration; and

—Develop the innovative technologies, knowledge,
and infrastructures both to explore and to support

February 2004

—Promote international and commercial participation
in exploration to further U.S. scientific, security and
economic interests.
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The Recommendations for
’Implementation

Exploration campaign must be aligned with the

o . L. BEP) Report of the
findings of the commission to “inspire, innovate, and 8D oo oo
discover.” &Y President’s Commission on

o _ o Implementation of United States
—“... Managed as a significant national priority...” Space Exploration Policy

— “NASA'’s relationship to the private sector, its
organizational structure, business culture, and
management processes - all largely inherited from
the Apollo era - must be decisively transformed to
implement the new, multi-decadal space exploration
vision- A Journey to Inspire,

— “The successful development of identified Innovate, and Discover

enabling technologies will be critical to attainment of
exploration objectives within reasonable schedules
and affordable costs.”

—*“... Regular, visible demonstrations of ongoing
progress and success;”

—*“... An affordable plan that does not require huge
peaks in annual funding...”

June 2004
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. The Vision

9 for Space
Exploration,
February 200 &

bruary 2004 ¢

Missions

LEVEL 0 EXPLORATION REQUIREMENTS
FOR THE NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION

Vimson Bassume
0y 2004

CEV Development (CA-2)

Requirements

Exploration System (CA-1)

The System of Systems is Derived From and
Subject to the Exploration Vision A-7




Exploration Objectives - Decomposition
and Maturation Drb

val

Vision

Objectives

R}

Missions

R

Functions

R}

Requirements

b}

System/Hardware

Exploration Vision is Being Decomposed to
System Hardware
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E&R Vision to Objectives

Exploration Campaign

Technology
Sé))l(arlosré?itoerr]n Development and Support US Interests
P Infrastructure
e e — e — — —— — — — e — —
I I I I I I
: Human Earth-Based Destination . .
Science Presence Technology Technology Security Economic
Origins of Exploration : Long-term Security Commercial
Solar System Duration Manufacturing Habitation Applications Participation
Evidence of Exploration Integrate & Test Long-term International Economic
Life Transport Facilities Spaceflight Alliances Strength
In-Space Launch Site Resource Education Technology
Observation Infrastructure Utilization Transfer
Habitable - Technology
Planets Mobility Competition
Space Level of
Research Automation

Goals and Objectives are Independent of Spiral

Agendas

Objectives



Preliminary Mission Categories to Meet
Objectives Drb

val

Test Missions
T-1 CEV Flight Test
T-2 Human Rated LV A_S'S_embly ) o _
T-3 [ Deployment Missions Missions With a Primary Objective of Major
T-4 S Dl & S Infrastructure Assembly Performed by
T-5 | ©+ DEPIOY SUPPOIL ASSELS 1o Humans or Robots
T-6 Moon and Lunar Surface %
T-7 | D-2| Assembly Missions \
18 A-1 Lunar Surface Assembly Human
L D-31 Ao [ Human Missions HH Missions W!th a Primary Obijective of
111 T T — Demonstrating Short- or Long-Term Human
1.14 P4 ] ort uration Lunar Habitation of a Destination Beyond LEO.
A-4 Habitation :
T-13 H. ([ Includes the Science Conducted by Humans
T-14 D3| A5 bp in Parallel With the Habitation Demonstration

S-1 Telescope/lmagery
D-6 ) 59 Mapping
S-3 Sample Return

-4 S-4 Aerobraking/Aerocapture
H5| sz)og;z:zzciemiﬁc Missions Are Being Develop_ed to
Probes Ensure That All Agendas Will Be
Satisfied
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8/ CE&R Vision to Missions

Exploration Campaign

Technology
Sé))l(grlosré?itoerr]n Development and Support US Interests Vision Goals
Infrastructure
———_ === F——————= T——————-
I I I I I I
. Human Earth-Based Destination . .
Science Presence Technology Technology Security Economic Agendas
Origins of Exploration : Long-Term _ _ Objectives
Solar System Duration Manufacturing Habitation Security Commercial (Missions)
S1S3S5 H1-H5 D1 D2 D4 T6-T9 T11-T14 Applications Participation
mor—————1|D5 D7 D8 A1 A3 ErT— A1-AS H1-HS
- ntegrate & Tes - : .
Life T6-T13 Igacilities éggge?lieg;m International Economic
H2 H4 H5 Exploration T1-T5 D1-D6 D8 Alliances Strength
S1S2 S3 S5 Transportation s4
H1 H3 H5 D3 D6 Launch Site
In-Space Resource - Technology
Observation D7 D_?_l'l'gl T12 Infrastructure Utilization Education Transfer
H2 H4 H5 S1 S2 H2 H4 H5 S3
Habitable 110 Technology
Planets - ) ) Mobility Competition
H1H3 S1-S3 S5 Missions Directly H1-H5
Rgg:;:rih Support Goals and Level of
I i Automation A-11
H2 H4 H5 Objectives AL AR L E




Exploration Campaign
System and Segment Functions

Explore Level -1
|| ||
_ Program
Transport Support Investigate Level O
I I | I , ! System
Provide Provide Provide Level 1
Transport Transport Earth-based In-Space Exploration| |Démonstrate Conduct
Crew Cargo Support Support Surface Technology Science
Support
Segment
Provide Demonstrate Level 2
Launch Crew | | Launch Cargo Process = ge | | Support Conduct
from E to EV from E to EV [communication Life c 'SEF{ Surface
apabilities Science
i Provide
Transfer Crew | |_| Transfer Cargo ng]nr?r%r;d N;&?Végin —[communication Demonstrate Conduct
from EV to DV from EV to DV Communicate g Precision —  In-Space
. Landing Science
- Provide
Transfer Crew | |_] Transfer Cargo Support Provide Power Demonstrate Conduct
fromDVto S fromDVto S Mission Logistics Excavation | Lo Life
| | Provide ISRU Techniques Sciences
Infrastructure
Transfer Crew | |_| Transfer Cargo SuLpi?é)rt HDemO/nRStrbatﬁ
from S to DV from S to DV i uman/Robotic -
— LPrqwc_ie Interoperability] EZFEarth
ogistics EV = Earth Vicinity
Transfer Crew Transfer Cargo Demonstrate g\iste;stmatlon Vicinity
from DV to EV from DV to EV Provide Drilling = surtace
Mobility Techniques
Transfer Crew
Transfer Cargo . . .. e A-12
from EVio E from EV to E Functions Required to Support the Missions Are Identified



Exploration Campaign
System and Segment Functions

Explore Level -1
' '_ Program
Transport Support Investigate Level O
___I____I_____I____ ____I_____,__'__,__S_ystem
Provide Provide Provide Level 1
Transport Transport Earth-based In-Space Exploration Demonstrate Conduct
Crew Cargo Support Support Surface Technology Science
Support
T ________—_________—________Ee_gment
_| Launch crew ﬁ_evel 3 Functions \ Level 2
from Eto EV ]
» Support Life
Transfer Crew .
| from EV to DV |1 « Communicate
|| Transfer Crew y NaVigate
from DV to S .
LA * Provide Power
Transfer C Il
| Transfer Crow  Accelerate/decelerate
Transfer Crew * Monltor
| from DV to EV « Control
g \ Perform Abort / A-13




Derived Functions at Level 3

System
. - . Level 1
Provide Provide Provide eve
Transport Transport Earth-based In-Space Exploration Demonstrate Conduct
Crew Cargo Support Support Surface Technology Science
Support
_/._ o — — — _____f________._____________
Support Support | Provide Provide _ Collect Element
i i B Medical B Monitor Level 3
Life Cargo edica Fuel Samples
| Communicate || H Communicate | [] Train —I ng\\//\;gre Control Analyze
| - : -| Administer Provide Perform
Navigate — Navigate Spares Mapping
— Equip
Provide Provide | Provide Perform
Power B Power Provide Consumables Imaging
— Weather
; Analyze
Accelerate/ || Accelerate/ Support || P;&l)i\géje Solar
Decelerate Decelerate ; Wind/Flares
o Supplies
—| Maintain
| . _ Analyze
Monitor — Monitor . Micrometeorites
— Organize
- Control u Control Plan Assess Risks to
Mission Astronauts
L Perform [ | Provide
Abort Facilities
4/
Process
Crew
— Process HW
A-14
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Mapping Functions to Missions

Orb

-l

Program Level 0 Transport
System Level 1 Transport Crew
o~ o] c ) o 9
o| 33| 32 |8cg|88 |88 & |8 |& |83|B0|Ed|8cs
8| 5% 0 |055(02|02|38|53,|9,|02(62|62(050
4l 25l =0 |lslgle>|le>|Pe|2S|ES|so|lo2|o>|503
clocl - |oEs|wY |0l |G |al g5 5 |G E.
E| 28| 35 |825|85|85|3-|2 |3 |E6|85|85|8¢2
o o & Fo§lFEIFE|X & e FEl|lrFE|lFRE|F
ID Category and Mission nl - o
Assembly
Al |Lunar Assembly Missions X X X X X X X X X X
A2 |Lunar Orbit Assembly Missions X X X X X X
A3 |Mars Assembly Missions X X X X X X X X X X
A4 |Mars Orbit Assembly Missions X X X X X X X /
A5 |Earth Orbit Assembly Missions X X X X X X/
Human \
H1 [Short-Duration Lunar Habitation X X X X X X X X X X
H2 [Long-Duration Lunar Habitation X X X X X X X X X X
H3 [Short-Duration Mars Habitation X X X X X X X X X X
H4 [Long-Duration Mars Habitation X X X X X X X X X X
Deep Space/Other Destination | ——
M5 |Habitation | U X X X X=X X X X

\

69 Functions Mapped to 37 Missions
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Exploration Campaign
System Breakdown Structure

System of System of Systems
Systems (SOS) Level O
| | [ [ [ l System
Crew Cargo Exspdcr’fr:;gm GEthrr:d lSn_Stpace Robotic Level 1
Transport —| Transport Infrastructure Systems o | Science
Systems Systems Y Systems
Systems
In-Space Segment
. Cargo . ; -
CEV Container Habitat Processing Comm — ggir;ﬁgee Level 2
Surface Command P
Satigzjarl_];/ I{/il;]?cclz Comm Control Navigation | | In-Space
Comm Science
In-Space In-Space Power Earth In-Space
Crew — Cargo Ground Support
Transport Transport Resource Support
Utilization
Crew || Cargo
Lander Lander -
Logistics
Surface
Transport
[ | Element
Launch Abort Crew Level 3
System Module
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Mapping Functions to Hardware

Program Level 0

Transport

System Level 1

Transport Crew

Segment Level 2 Functions

Transfer Crew to
Launch Pad

Launch Crew from

E to EV
Transfer Crew

from EV to
Orbiting Station

Transfer Crew

from EV to DV
Transfer Crew
from DV to DS
Provide Surface
Transport
Provide Surface
EVA
Provide In-

SpaceEVA

Transfer Crew
from DS to DV

Transfer Crew

from DV to EV

Transfer Crew

from EV to ES

Transfer Crew
from CM to
Vehicle/Ship

Architecture Element

CEV

Crew Exploration Vehicle (CEV)

SEM

Space Exploration Module

HRLV

Human-Rated Launch Vehicle

EELV

Ewolved Expendable Launch Vehicle

MCS

Modular Containment Systems

LL

Lunar Lander

PF

Processing Facilities

C3

C3 Facilities

EGSF

Earth Ground Support Facilities

LH

Lunar Habitat

Storage Facilities

| —

SE

Science Equipment

UR

Unpressurized Rovers

PR

Pressurized Rovers

CF

Communications Facilities

RUI

Resource Utilization Infrastructure

NPF

Nuclear Power Facility

Cs

Communications Satellites

X

NS

Navigational Satellites

LN

69 Functions Mapped to 23 Level 2 Segments
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Exploration Objectives - Decomposition
and Maturation ﬂrb

val

Vision

Objectives

R}

Missions

R

Functions

R}

Requirements

R}

System/Hardware

This Process;
 Makes Sure We Have Captured and Implemented the Total Vision
 Ensures That We the Contractor Fully Understand What System Must Do
* Reveals That the Vision Starts Now... Not When Hardware Begins Flying
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Orbital’s Primary Ground Rule

Exploration Campaign
Lunar Exploration

Missions &
Operations

Systems
Engineering

Crew Transport
Systems

Cargo Transport
Systems

Exploration Surface| |

Infrastructure

—» Requirements

Earth Ground
Systems

Development
Plan

In-Space
Systems

Robotic Science
Systems

Missions and Operations Drive the Concept Refinement Process
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Mission Operations Flow
Extended Duration Lunar Habitation

I_egend CM (Manned) O Lan der (M anned) W Ascent Modu le

H1 — Extended Duration Lunar Habitation @ v wnmannees @) van ser omanned) @ Ly \Zl

Human Lunar mission (3-14 days duration)to demonstrate techno logies supporting

hu man exploration o f space e Abort System A Descent Modu le e SEM
) ; _' - — "‘ - . = ]
= 13 - - A - . - Lunar Surface -
3 > e ol ~ . 14 - -y e
. : Cond uct Surface Stay — . % N - -~ v Py o 7
_Nl_med Ev_enlt Seqﬁeg ‘fl_'g%d or 10.C | h - - EVA.* ~ ~ ‘. DescentModule® ~ AR -
-Land eris launche ays prior to Crew launc ——— X RS i wp . \ -
-Flow is for Early Extended Duration Mission £ ;Im:l::ﬂ. Scrl.:-:ce "N S'uam\rface = - -V
With Limited to No Pre-Positioned Surface Assets - s R RUE DEFINOLLIDE Schemaln) N e \ e - oo
[y - _Long Duratio n Msns - . - - e '
~ * * Robotic.Deploymien ts BT~ - 15 . :-‘\; N . ®ny
e - - -~ - v . - g .y -
Vid's 3 - T D " . i A Descent =, CAscent > gy S et T T,
Conti Land 10
ontinue Lander 17
16 —’
5 L InLLO Phasing, Prox Ops,— P> Combined Ops L L
Lander to dock Rendezvou s & Docking Fo llowed by L ander Phasin g, A Un-Ctr:«‘AWZd I
Separation with arriving crew (Controlled by CM) Separation From™ Prox Ops, =— S
from SEM Crew Mod ule & SEM ge;dekz'vou S/ Disp osal
ockingw
Continue Crew Mod ule
............................................................................................................................................... ME SEMILLLD oo ESEM T EES
4 9 18
Lunar O rbit Lu nar O rbit TEI In itiation
Insertion Insertion
3
TL I Initiatio n /’_‘\
L 2 Jettison 6 7 —
— TL I Initiatio n

Abort System

LEO Operatio ns
@ (As Required) e

LEO Operatio ns 19

(As Required) @ ‘
SEM, Crew

Mo dule
t © Separation 20
Launch #1 Launch #2
Crew
L)4—(L Q » Q RX, In spect, & g‘:sf“jtgri Earth Surface

Integrate LV Process LV
< S>‘_< S> @ —’ -Stack LV Elements - Core
- Integrated Test -Solids 21
e __-’ e -CERT -Upp er Stage
- Wet Dress Rehearsal - Interstage Recovery

Receive, Inspect & Process @ - Terminal Count Demo - Paylo ad Fairing - Crew
-LAS, Crew Module & SEM - Adap ters - Adap ters - CM for Future Missions V2
-Lander & SEM
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Missions Generate Functions

Early CEV Separation

CEV Launch
> State

2in Rise Off of Pad

CEV Crewed

On-Pad State

Crew Hatch Secure

CEV Lunar Lunar
Un-Crewed Surface
Orbit State State
Release Dock to
CEV CEV Touchdown Take Off
De-Orbit
Dock &’ Lunar
CEV Lunar Crewed CEV Lunar Landing
Orbit State . g—] Docked State | g State
" Rel Dock
Stable Initiate
Lunar TEI
Orbit Burn v
LVsep | cev Earth |™M'BUL | CEV Transfer TLI Stage Sep p| CEV Earth
Orbit State State Return State N
(]
2 A S
QD
3
TLI Stage Separation g
:ED’.
s
8.
In-Flight CEV Escape <
L 4 \ 4
On-Pad CEV Escape > CEV Crew End of Escape Burn CEV
on Pad Abort Escape State Recovery
n Pad Abor State
=)
%)
30
o o
L=
8
CEV Un- Integrate LV to Pad CEV Integrate CEVto LV | CEV Prelaunch ng;:;?:[gu CEV Post Recov_ery
Crewed On- Integrated LV}« Ground Ground Processing
Pad State State Processing State State

Remove from Pad

Remove

from Storage _I

Return to Processing

Storage

Return to —> CEVStS;tOel’ag e

B-4



Mission Operations Flow
Long Duration Lunar Habitation

Q Hab Mod ule

Legend Q Abort System
CM (Manned)

H2 — Long Duration Lunar Habitation

Human Lunar mission (14-95 days duration) to demonstrate techno log ies
Supporting human explorationof space

i

O Lan der (Manned)

@ CM (Un man ned) Q Lan der(Unmanned)e Rovers (p, u) e SEM

@ Launch Vehicle

e Power Source

\V,

\ ————— — | - - »
1 2 S S| “ Lunar Base I _ " . " - Lunar Surface «
~ R 1 . v — i -~
Backup Land er Backup Lander - 1 @ - - 1 . 12 '\ - . — v - Fy o
Activatio n AscenttoLLO - I / e | ~ S~ - " .
and Checkout ~- 1 1 End.Sur face Stay - A . .
= ~ Short-and. 5 ) « Dep art Crew ~* R 5 g S
b= . L _’ L —— Long-Range ~ Surface Stay w/ . 10 - : . 15 - e o
3 Excursio ns - grew Overlap Pr-e~c‘ision- 13 :‘\ Lader Retu:n B ol
i -t > - AT N e S el NG e 1, Sy TV v Landing -~ “*Ascent - -~ »Jo Surface. o,
3 8
q L i —> o 14 L 16
Lan der O n-Orbit Phasing, Prox Ops, )
Checkout & Rendezvou s & Docking Cemlaince OfFs Phasin g CM & SEM
Readiness Check (Controlled by CM) Followed by —jp- Prox O ps Separation
- LD GIe SEFRE@ Rendezvous from L ander
Note Assumptions From Crew Modu le & Docki
* Habitation Modules (Sleep/Living, Scence Mnx, Logi stics) and SEM Continue bockin g
«2 Luna Landers on Surface Wiiin S LLO

e -1 11 COR L IR LS CYNNM——

- 1 for Exploration Suface Crew Evacuation
-1 for Suface Crew Backup (Also Used by Arriving Crew)

- Most Recently Used Lander BecomesBackuwp 7
*2 Powe Generation Souces L T © i
1 TACAN (VOR w DME) Collocated With Base IEEREN

+ 1 MobileCrane

* Regolith Excavation and Drilling Equipment

* Pressurized & Unpressurized Rovers

* Robotic Exploration & Science Collection Assets

== s

,

4

Jettison
Abort System

TL | Initiatio n

LEO Operatio ns

18
(As Required)
SEM, Crew
Mo dule
4 Separation
Launch

RX, Inspect, &
Process LV

Receive, Inspect

& Process Integrate LV

@ -Abort System -Stack LV Elements - Core
-Crew Module - Integrated Test - Solids
e -SEM -CERT - Upp er Stage
- Wet Dress Rehearsal - Interstage
-Terminal Count Demo - Paylo ad Fairing
- Adap ters - Adapters

TEI Initiation

19

Crew
Mo dule
Descent

Earth Surface

20

Recovery
- Crew

- CM for Future Missions \Va
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Mission Operations Flow o
Deploy Assets to Lunar Surface Drb ‘a’

D1 — Deploy Support Assets to Lunar Surface | 29" @ caovodue @ vaunch venicie

Surface dep loyments of prepositioned (or replacement) h abitation mod ules, p ower Q Lan der e SEM
generation sources, surface mobility units, resource extraction equipment...etc.

. e R 3 13 . . - Lunar Surface -
~ ~ . . - - .
- -~ - - ) .
: A . 12 = L A CRAT .
. (e - 14 SR
- - S " Lander/Cargo . \ :
-~ + — N - .

I ~ . - *> Précisiomlanding - w+| -Lander Available .
¥ .t - 5 ~ . " . - . - ForFuture Ascent -
. - - Lan der “ De-Stacks”  * N .l

: - = - - ~ A ..\ - & Rendezvous with
Y « . Cargo Ontolunar - e Other'Cargo or. . .,
. - - - o ‘ -~ i N =, S_ul;fas_e | - " rew Mod ule . i N

Continue Lander In LLOto Dock with Arriving Car go
© .
5
Lan der & Cargo
Lan der 10 Prox O ps & Docking
Separation
from SEM Sepacr::trigg
S Continue SEM In LLO ’ from SEM ’
.. .. i i nTB LLO
4 9
Lu nar O rbit Lu nar O rbit
Insertion Insertion Note: D1 missions will ultimately deploy...
- Habitation Mo dules, Tunnels & Adapters
- Power Generation Sources
- Mining and Drilling Eq uip ment
- Regolith Manip ulation Equipment
-Test & Science Gathering Equip ment
....................................................................................................................................................... - Surface Mobility Units
- Pressuriz_ed & Un pres_surized Mobility Modules LEO
2 3 7 8 - Communication s Equipment
LEO Operations TL | Initiatio n LEO Operations TL | Initiatio n : ESEELPTLQ%»ZSSEQUW&"G“[ Equipment
(As Required) (As Required) - Storage Containers
-Corrective & Preventive Mnx Parts/Supp lies

1 6 Rx, Inspect, & £arth Surface
Launch #1 Launch #2 Integrate LV Process LV
® O ©
- * - - Integrated Test - Solids
& ©6 &)
- Wet Dress Rehearsal - Interstage

@ Rx, In spect, & Process @ - Terminal Count Demo (: ) - Paylo ad Fairing
Lan der, Cargo, 2 SEMs - Adap ters - Adap ters \Va R
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Mission Operations Flow o
Lunar Surface Assembly Drb ‘a’
Legend CM (Manned) @ Lander (Manned)

&) CM (Un man ned) Q Lan der (Unmanned )

Al - Lunar Surface Assembly Missions

Lunarsurface assembly missions of habitation modu les, infrastructure elements... etc.
6 Abort System @ Launch Vehicle

L ) . - - 11 o A . ' . Lunar Surface «
= . Cond uctAssem bly = e o e ) 12 | A v, PN
Lan der Activation Lander Ascent [ . - ~Habitat modules. - End Surface’ Stay - ey - 4 &
and Checkout to LLO - 43 TA0 Taor . - o - ..
~ - Rower stations Safig - A T
v - . - - ISRU eqtipment Departure ~- S ¥ A
= L —————p L ™ _-Comm equxpment g™ 15 e -
ol s - -t NS - .
e . IS 13 s o K Lander Return - "
. . - ~ - - “ -,
AT e=" ™~ T 4'- . — - - 8 4 5 | "Ascent . o O SUHRCE e ¥ e
3 8
— : 14 L
Lander On-Orbit | L Phasing, Prox Ops, —> Combined Ops )
Ch_eckout& Rendezvou s & Docking Fo llowed by L ander Phasin g,
Readiness Check (Controlled by CM) Separation From™ Prox Ops, —

Crew Module & SEM Rendezvous

& Dockingw /

Crew Mod ule

Note: Event Sequencing ... & SEM

eee=+1 -Lander Depicted on Lunar Surface was Previously feeeccceee

Deployed Duringa D1 Deployment Mission 7 16
- Lunar Lander is Activated, Checked Out and . L
Deployed to LLOPriorto Crew Module Launch Lu nar O rbit TEI Initiation
Insertion

-Flow is for Early Extended Duration Mission
With Limited to No Pre-Positioned Surface Assets

6 LEO
Jettison 5 o

Abort System TL I Initiatio n
LEO Operatio ns 17

(As Required)

O

e SEM, Crew
Mo dule
4 Separation
Launch 18
Crew
Q Receive, Inspect Q Rx, In spect, & MBeMe Earth Surface
& Process Integrate LV Process LV Descent
@ -Abort System -Stack LV Elements - Core
-Crew Module - Integrated Test - Solids 19
e -SEM e -CERT - Upp er Stage
- Wet Dress Rehearsal - Interstage Recovery
@ -Terminal Count Demo - Payload Fairing -Crew
- Adap ters - Adap ters - CM for Future Missions AVl
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Initial Lunar Missi

Exploration Campaign Overview

ons

Orb

val

A0 Ao AL AA AA A A AA A

Deliver & C/O Deliver & Deliver 2 Deliver 2 Semi- Supply Semi- Supply Semi- Supply Semi-

Nuclear Power C/O Mobile Halves of Halves of Annual Annual Annual Annual
System & Crane Hab Module Sci Module Supply Supply Supply Supply
Precision = 2 N “ (Rover & (Regolith- (Consum & (Additional

Landing Sci Equip) Moving & Sci Equip) Hab Module
NAVAID Sci Equip) & Sci Equip)
>/ = A A

NOTE: Power System

Remains Attached to Assemble Hab Assemble Assemble
Ascent Stage for Module (2PCS) Sci Module Hab Module

Contingency Departure & Connect (2PCS) & (2PCS) &
Power Connect to Connect to
Power & Hab Power & Hab
v v Vv v v v v
A A AA A A A A A AS A
1st Crewed 5-Day 5-Day 7-Day 14-Day Stay 20-30 Day 45 Day 60 Day 75 Day
Flight to Stay Stay Stay (Use Med Stays (Use Stays (Use Stays (Use Stay (Use Lg
Lunar (Position Surface Hab) Med Surface Med Surface Med Surface Surface Hab)
Surface Power Hab) Hab) Hab)
Cable)
2017 2018 2019 2020 2021 2022 2023 2024 2025
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Earth Ground Systems

Exploration Surface Infrastructure

In-Space Systems

L

Cargo Transport Systems

Crew Transport Systems
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Exploration System
Crew Transfer System (CTS) Segment

Crew Module Functions

The CM provides crew habitation from launch to lunar orbit and return to the
earth surface. The CM will rendezvous and dock with the Lunar Lander in
lunar orbit. The CM will operate uncrewed in lunar orbit while the crew is
on the moon. In addition, the CM provides the communication and

navigation assets to transfer data/voice/video to other mission assets and
the ground.

Launch Abort System Functions

The LAS provides the abort capability during Earth ascent up to 200,000 ft
after which SEM provides high altitude abort capability.

Space Exploration Module Functions

The SEM provides the propulsive capability to transfer the CM or Lunar
Lander from LEO to lunar orbit and return to Earth. The SEM also provides
additional consumables and power to the CM.

Heavy Lift Launch Vehicle Functions

The HLLV provides the necessary lift capability to launch the CM, SEM,
Lunar Lander and other mission elements into LEO.

Lunar Lander Functions

The LL provides crew habitation from lunar orbit to the lunar surface and
return to lunar orbit. The LL provides surface EVA capability for the crew.
The LL provides the communication and navigation assets to transfer
data/voice/video to other missions assets and the ground.
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Lunar Habitation
Mission System Elements

Crew Landing Surface EVA Crew Ascent

Lunar Surface

Lunar
Rendezvous

bit

Lander Launch Crew Launch
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Habitation Mission Alternatives Drb ‘a’

» Multiple Outpost Capability: TBD Day Capable Outpost Anywhere
on Lunar Surface

— Outpost at Next Site of Interest or Continue at Previous Site
— Earth is Logistics Hub

e Lunar Logistics Base: Establish Single Lunar Base and Provide for
Distributed Exploration Capability

— Rovers for Local Exploration
— Lander “Hops” for More Distant Exploration
— Moon is Logistics Hub

» Lunar Orbiter: Provide 90 Day Capable Lunar Orbiter With Surface
Excursion Capability Anywhere on Lunar Surface

— Multiple Short Excursions to Lunar Surface (2 Crew?)
— LLO Is the Logistics Hub
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Exploration Philosophies to Be Evaluated Drb ‘a’

« Minimum Effort to Attain Spiral Objectives
— Do Not Establish Permanently Occupied Lunar Base

— Plan to End Substantial Lunar Operations So Funds Can Be Used
for Spiral 4

* Minimum Number of Launches to Meet Exploration Vision

— Operations, Feasibility, and Cost Limit Annual Launches to About
10-12 HLLVs

— Define Exploration Campaign With This Constraint

 Permanently Crewed Lunar Outpost

« Mars Mission Analog Using Lunar Orbiter and Surface Habitat
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Logistics Hub Trade

Outbound J L Smface jLS) |_ Inbound
JE—-Lim [‘,—Ul -
|II ' P [ . A A A
Preliminary Evaluation
| e ol of Logistics Hub
| / S | & - Extends NASA Work in This Area
s |/ -
) - Objective is Complete Lunar Coverage
|
\ _ eals - Must Provide Operational Flexibility
=T L - Must Account for Cost Considerations
T = S i
mm::‘ i I .PIntegral‘ad Crew e OGRS = LDW-UD
®::§_':_:.-___F%E;n:;.:lliaélunic @J-‘--_- ) :Lannci::tand“ -:‘_':-_\.__-:___ ~ Propulsive Capture "-'--'..‘:_.'?:'_'__."‘ :I:::T.TDLD
" Gther Hybrid Options TEEY Mot Bt T nia M

g »

LLo ® Lunar.*-'f Vi
Surface w=
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Exploration Requirements -
Decomposition and Maturation

Vision

Objectives

R}

Missions

R

Functions

R}

Requirements

b}

System/Hardware

Exploration Vision is being Decomposed to
Requirements
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Vision to Missions to Requirements Drb ‘a’

NASA [NASA shall conduct human lunar expeditions to further science, | (NA SA
LO 1.3 NASA shall conduct the first extended human expedition to the lunar Level 0
' surface as early as 2015, but no later than the year 2020, in preparation
L1 1.2 |for human exploration of Mars and other destinations. May 2004)
Ol’b |taI Gradually increase human lunar stay times to understand conditions for crew health, safety and performance

Obj ective for exploration of Mars and other destinations

Orb It aI H1 Extended Duration Lunar Habitation:
. ) Human lunar mission (3-14 days duration) to demonstrate technologies
Mission supporting human exploration of space

Ol’bita| Transport Crew from Earth to Destination Surface
: Transport Crew from Destination Surface to Earth
Function P

Orbital LO The Exploration Program shall conduct human lunar expeditions
Req u | rement as early as 2015, but beginning no later than the year 2020.

; The CTS shall provide a Crew Exploration Vehicle (CEV) to
(F\?rblt_al L1 deliver four crew from the Earth's surface to the Moon and return
Related Tl‘adeS equwement them to Earth.
Exploratlon Crew Size ) The CEV shall transfer four crewmembers from
In-Space Crew Transport Orbital L2 Earth to the Moon and safely return them.

Lunar Lander FunCtionality Req uirement |The CEV shall be capable of returning four de-
Lunar Base Location conditioned crewmembers from the Moon to Earth.




ESS Technical and Programmatic o
B Driving Requirements Drb ;a’

e Technical
—Crew Size - ESS0160, ESS0250
—Lunar Mission Duration - ESS0140, ESS0150, ESS0260
—Lunar Mission Location - ESS0140, ESS0150, ESS0260
—Flight Rate - ESS0170, ESS0180
—Monthly Lunar Mission Opportunity - ESS0190, ESS0300

—Spiral 2 Definition States No Pre-Deployed Surface Systems on
Lunar Surface (ESS0160 Rationale, Glossary)

e Programmatic
—2014 CEV IOC - EPR0520
—2010 CEV Flight Test - EPR0540
—2015-2020 Human Lunar Mission - EPR0510
—Separate Crew from Cargo - EPG0830
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CTS Spiral 1, 2, 3
Driving Requirements

¢ CVSO0030A - This high level of ascent success probability forces the use
of Shuttle-derived or Saturn-derived launch systems (versus EELV
launch systems).

» CTS0125H - This forces an airlock (of full cabin depressurization
capability) onto the CTS, as opposed to only having EVA capability from
lunar lander (i.e. 2 systems that must provide EVA capability).

@

» CTS0130G - This would also force the CTS to have an airlock if
6@@}5 CTS0125H was not already a requirement.
[
o CTS0360G - During Spiral 3 this requires the same interface mechanism

to be used for in-space docking as for ground (on-surface) docking of
Exploration elements. This may not be feasible.

 CEV0250G - This forces the CEV propulsion system(s) and their
consumables to be used rather than allowing use of another element’s
systems (e.g, lunar lander thrusters or consumables). C-5



Gross Weight (Ib)

Requirement Sensitivities

ESS0160 - conduct human exploration

on the lunar surface with 4 crew
members (TBR-12).

ESS0250 - ..., and an objective of 6
crew members (TBR-15).

250000.0
225000.0 /
HLLV LEO Payload Capabilit/
200000.0 /
175000.0 —*
150000.0 A /‘/.///
1250000 ./" —&— CM Gross Weight
——LAS Gross Weight
100000.0 ) —
—&— SEM Gross Weight
75000.0 —%—LV Total Payload
50000.0 +
0.0 T T T T T T T
0 1 2 3 4 5 6 7
Crew Size

Lunar Lander TOGW, (k-lbm)

110
105+

100F| =

ESS0140 - The ESS shall conduct extended-

duration human exploration missions
(threshold of 4 days, with an objective of 14
days) to any designated location in the
polar region of the Moon (TBR-1).

o
o

T oot 2t

70}

65

Days

Mass Sensitivity to Requirements Drivers
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B Feedback on EMSD Requirements Drb ‘a’

» ESS Technical

— ESS0260 - Mission Duration (42 to 98 Days) Looks Reasonable for Lunar
Exploration, but is Insufficient as a Mars Precursor

— ESS0260 - Specifying Lunar South Pole for Spiral 3 is Likely Premature
Or Requiring Global Lunar Access in Spiral 2 is Unnecessary.

— ESS0650 Orbital Debris Restrictions for Earth Orbit - Should Have Similar
Orbital Debris Requirements for Lunar and Trans-lunar Orbits

 ESS Programmatic

— EPRO0520 - Contractor Architecture Will Determine When Test Flights Should
Be Performed

— EPRO0560 - These Interfaces Should Be Generic Enough to Include
Docking/mating and Both In-space and On-surface

— EPRO0620 - There Is No Equivalent Program Requirement Like This for
Advancing the U.S. Economic and Security Interests

» Glossary

— Need Definition of Cargo in Context of Separation of Crew and Cargo Guideline
(EPG0830)
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Earth to Moon Cislunar

| Earth Vicinity
H.La_ nch and Departure

Moon Vicinity
Operations

Earth Vicinity-

Return and Entry
Moon to Earth Cislunar

Level of ISRU Reliance
Exploration Logistics Hub Location
Mars Exploration Approach

Abort and Safe Haven Options

Number of Launches Required to Demonstrate Spiral Capability
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Abort and Safe Haven Trades

Issues and Design Drivers for Moon and Mars Ascent
Abort Are Not Well Understood Despite Design
Experience For Earth.
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89 Lunar Base Location Trade

» Determine Fixed Location on Lunar Surface for Long Duration Missions

» Trading Three Alternate Locations Against Baseline - Mare Tranquilitatis
— Alternates: Aristarchus, Oceanus Procellarum, South Pole - Aikin Basin

» Current Trade Status

— Balancing Safety Concerns for Landing Against Increased Science and
Technology Demonstration

— Key Discriminators
« Conditions for Safe Landing
—Terrain
— Lighting
— Approach
« Anytime Return
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Lunar Base Location Versus Ascent
Orbizal

Abort/Safe Haven Trades

Our Big Problem to Solve:

 Lunar Base Location and Ascent Abort
Requirements (Capability) Must Be Compatible

* Where Should We Put the Safe Haven(s)?

1 L1 Earth

SH? 1: Return To Base
2A-2C: Abort To Lunar Surface Safe Haven

3: Abort To Low Lunar Orbit

LLO 4: Abort To L1
5: Abort To Earth
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Orbizal

Technology Requirements
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Technology Requirements
Human Habitation Missions

Exploration Missions Exploration Systems Spiral Applicability
=
Enabling Technology Assembly |Human SSEIPF' Deployment 'E = - el e RD.M Dev
. cience = [ 3 [w |w v = = = Risk vs
Requirements Lle|wm |2 |2 |n = = =
[ s} W Ll L (=3 = = = 10C Date
A1|A2 |A5|HT|HZ|S2|S3|D1|D2|D7 |5 |5 “ “ -
Autumated rendezvous and wolw vl %] % w | v | w w | % w | % - % Min
docking
Autonomous/Hemate
controlled cranefsurface A A LA . b flin
gystems
Closed-loop life support b ks b b flin
ansumahles transfer % w vl | s | v | ow % Min
(airfwater)
Cryogenic fluid management A Al R R b AR R b3 in
Docking mechanism -
universal androgynous A AlRLE R X R AR b . b flin
housing
Information management wlw | w x| w e w x| x el x| wlx|x|x|x]| % % Min
gystem
H_elmet mounted heads-up y | . y y Min
display
Lightweight human-rated TPS | X A b b * # T
Lnng duration science vl v | w w0 w | % y Min
equipment
Lunar (L1} ;Dmmunmatmns w0 w | % w |y y Min
relay satellite
Lunar landing aids A A1 % AR A * b3 Mlin
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Enhancing Technologies

Exploration Missions

Exploration Systems

Spiral Applicability

Assembly |Human Sflpp' Deployment
Science =
. . ‘%‘ S - ~ - ROII'H'I Dewv
Enhancing Technologies g 8 E E @ w = = = Risk vs
|y || (=4 = = = |10C Date
Al (A2 ([AS|HT(HZ2| 52 | S3 | D1 | D2 | D7 H 5 ] ) w
Muclear power (propulsion) b b b b b hod
Composite pressure vessels L I # # # Al K| E[RE]E]K # # b Min
Automated planning sfw Al K] R[X] % b b b L Al KX b b fin
Air bags (soft landing-Earth) Al KR X b ks b b b fin
Inflatable structures A AR b . . A in
Closed-loop life support .
(Sreenhouse/Food Production) % % * % Min
ISEL L b * X Min
Landing platfarm 3 LS b3 AR R A Min
Pressurized mohility b LR b b fin
Mew Earth-based crawlers AlR | R R | R R A b3 A b3 3 A A X Min
Lunar GP3 b4 =X b4 b4 Aol R . * Min
Lunar surface pressurized garage . A in
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High Priority Technologies

« Enabling « Enhancing
— Autonomous Rendezvous —ISRU
Systems —Nuclear Propulsion
— Nuclear Power Generation — Inflatable Structures
— Space Radiation Protection —Closed Loop Life Support
— Mico-Meteoroid Protection (Greenhouse/Food Production)
— Lightweight Ablator TPS

— Integrated Vehicle Health
Management Systems
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Exploration Programmatic and Technical Risk
Assessment
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' Assessment of Significant Risks Drb ‘a’

[ Human Space Flight Safety] [MISSIOH Success Crltena] [Technology Readiness
Phase Category Spiral
= = z =
- A BB 2| 2 |E4
" Spiral 1 and 2 Risk Titles EIS|lE |2 |5 |2 |E |BE
# i = = ] & ® |23|1]|2

T | = = = = e 3 |E =

s|&| 2|z 4| & |z

= |9 P i

€
-

E01 Moon/fars Systerms and Operations Incompatibility | R b x
cay Spiral 1 Launch Failure b b b b b
12 Industry Laborforce Limits for Supporting Two CEY Teams b b b b
C11 IS5 Reqguirements Creep b b b
CO& Hequirements Management Between Spirals b b b
cog Impact of Other Launch “ehicle Failure (EELY/Shuttle) b b EA
c10 Stakeholder Buy-in b b EA
cog CEY Deorbit Propulsion Module Cost b b b
C16 Autonomous Rendezvous and Docking Robustness and Reliability ® ® ® EA 4
C15 Micro Meteoroid Damage Protection Robustness and Reliability ® b ® o o®
C14 Space Radiation Protection Robustness and Reliability b b b EA I
Cc13 TPS Robustness and Reliability * ® * A -
cas Developrment of Autonomous Rendezvous Technologies * ® A -
co4 Developrment of Improved Micro Metearaid Damage * ® A -
co3 Developrment of Space Radiation Protection * ® A -

"

s Nevelnnment nf Tharmal Prnte W//

(
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The Spiral Transition Problem

<]> <% ySA Exploration Budget

) Spiral 3 Development

Budget '

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

A Strategy for Spiral Transitions Is Needed
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Orbizal

Architecture FOM Assessment
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Safety and Mission Success Drb

« 7 of 9 Abort Modes Identified are architecturally executable

» 41 Critical Events ldentified and Ranked for the H1 lunar Mission using
2-Launch HLLV Lunar Orbit Rendezvous Scenario

« TBD Inter-Element Desigh Redundancies Being Evaluated Based on
Top-Level FMECA and Safety Analyses Results with Focus on
Preventing / Minimizing LOC

« TBD Hours to Return to Earth (Mission Abort)
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Affordability

* Orbital’'s Architecture Requires About 76% of NASA’s Planned Budget

Costby Year

2005 2010 2015 2020

=D evelopm ent mmP roduction O perations [F acilities

Variance from NASA Budget
1 2005 2006 2007 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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Effectiveness and Extensibility

» System Applicability/Evolvability to Mars
— Systems Evolvable for Mars Missions
e HLLV, CM, SEM
— Technologies Evolvable for Mars Missions

» Closed-loop Life Support, Nuclear Power, Autonomous
Rendezvous, Cryogenic Fluid Management, Information
Management, Lightweight Ablator TPS, In-space Navigation,
Radiation Shielding

« System Complexity
— 17 Interfaces Among Spiral 2 Elements
« 7 Simple, 6 Intermediate, 4 Complex

* Mission Complexity

— 6 Major Elements (4 Unique), 2 Dockings, 19 Day Mission (10 days

on Surface)
C-23



Development Risk and Schedule Drb ‘a’

* Only 3 New Technologies Required for Spiral 2 Missions
— Precision Lunar Landing
— LOX/Methane Propulsion
— Space Radiation Protection

* No High Risk Technologies Required for Spiral 2 Missions
—Only 7 Technologies < TRL 6 Today
—All Can Be TRL 6 by 2008 FSD Start

« 2014 10C is Not Threatened by Technology Development Risk
— 7 Moderate, 43 Minimum Risk Developments

« 2014 10C is Not Threatened by System Development Risk
—CEV
—HLLV
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Summary

What We Accomplished

« Mapped the Vision to Objectives, Missions, Functions, Requirements, and
Elements

 Started Manifesting the Exploration Campaign Missions

What We Learned/Observed

» Coupling of Lunar Base Selection and Lunar Abort/Safe Haven Capability
* It's Primarily a Transportation and Logistics Problem

» Lunar/Mars Operations Need to Be Compatible and Traceable

* Need a Budget Strategy at Spiral Transitions to Ensure Sustainability
What Problems We Are Still Working

« Establish Strong Link Between the Exploration Architecture and U.S. Science,
Security and Economic Interests

» Define Requirements for the Other Architecture Segment and Elements

» Evaluate More Efficient Methods of Conducting the Exploration Missions
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