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ﬁ The Vision for Space Exploration:
' Foundations for Exploration

CONSTELLATION

¢ Complete the International Space Station

¢ Safely fly the Space Shuttle until 2010 A RENEWED

SPIRIT OF DISCOVERY
¢ Develop & fly the Crew Exploration Vehicle e Pradens i fir
no later than 2014

¢ Return to the Moon no later than 2020 The Vision
Explc?ration
¢ Extend human presence across the solar Fabruary 2004

system & beyond

¢ Implement a sustained & affordable human
& robotic program

¢ Promote international & commercial
participation in Exploration

NASA Attnorizeiion Act gf 2005

The Administrator shall establish a program to develop a sustained human
presence on the Moon, including a robust precursor program to promote
exploration, science, commerce and U.S. preeminence in space, and as a
stepping stone to future exploration of Mars and other destinations.
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Constellation Vehicle Approximate Size Comparison
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Saturn V
Ares V

Titan 4 Atlas 5 Space Shuttle
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Ares | Elements

+ +
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Instrument Unit
* Primary Ares | control
avionics system

Encapsulated Service
Module (ESM) Panels
* NASA Design /

) ‘]ﬁ; / Boeing Production
Orion CEV s Q /
“e,
L 4

Interstage

Upper Stage

» 305k Ib LOX/LH, stage

+ 18 ft diameter

* Aluminum-Lithium (Al-Li) structures

* Instrument Unit and Interstage

» Reaction Control System (RCS) / roll
control for first stage flight

* Primary Ares | control avionics system

* NASA Design / Boeing Production

Upper Stage Engine

» Saturn J-2 derived engine (J-2X)

» Expendable

* Pratt and Whitney Rocketdyne

DAC2TR5

Stack Integration

* 2M Ib gross liftoff weight
» 325 ftin length

* NASA-led

First Stage

* Derived from current
Shuttle RSRM/B

 Five segments/Polybutadiene
Acrylonitride (PBAN)
propellant

» Recoverable

* New forward adapter

 Avionics upgrades

* ATK Launch Systems




o Orion Elements
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Orion Crew Exploration vehicle
(JSC)

* NASA Management and Integration

* Prime contract Lockheed Martin:design ,
development, and production

Crew Module (JSC)
» Crew and cargo transport
* Under Prime contract

™~ Launch Abort System (LaRC)
* Emergency escape during launch

* Under Prime contract
Spacecraft Adapter (GRC)

 Structural transition to Ares
launch vehicle
» Under Prime contract

; ™ Service Module (GRC)

: * propulsion, electrical power,
fluids storage
Under Prime contract




Ares V Elements
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Altair
Lunar Stack Integration
| Lander 7.4M Ib gross liftoff weight
\J__ % 360 ft in length )
\/ / First Stage
T ’E‘-;‘ . EDS Two recoverable 5-segment
Payload %

Loiter Skirt from current Ares | first stage)

J-2X PBAN-fueled boosters (derived
Fairing /

Core Stage

Five Delta IV-derived RS-68
LOX/LH, engines (expendable)

33-ft diameter stage

Earth Departure Stage (EDS)

One Saturn-derived J-2X LOX/LH,
engine (expendable)

33-ft diameter stage
Aluminum-Lithium (Al-Li) tanks
Composite structures
Instrument unit and interstage
Primary Ares V avionics system

Vehicle 51.0.34




Lunar Lander

+ +
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¢ Transports 4 crew to and from the
surface
e Seven days on the surface
e Lunar outpost crew rotation
Global access capability
Anytime return to Earth
Capability to land 20 metric tons of
dedicated cargo
Airlock for surface activities
Descent stage:

e Liquid oxygen / liquid hydrogen
propulsion

¢ Ascent stage:
e Storable Propellants

10



—

). Map of Constellation content across NASA

conw)unorf
Ames Glenn 9
Lead Thermal Protection 1

Lead Service Module and
iyste;\n A?: | datab Spacecraft Adapter integration
i e e Flight Test Article “Pathfinder”
Ares Abort simulations : fal?rication Goddard
Software and GN&C support Ares I-1 upper stage simulator lead
Ares power, TVC and sensors lead

J-2X altitude/inspace testing

Dryd en SE&I Support
Lead Abort Flight Test

Integration/Operations
Abort Test Booster
procurement

Flight Test Article
Development/
Integration

ol Communications
Support

Ares 1-X
Lead Launch Abort
System integration
Lead landing
system ADP "
» Ares -1 vehicle 2
JPL integration
Thermal Protection Ares aerodynamics lead
System support ; SE&I Support

Kennedy
Home for Ground Ops
Project
Ground processing
Launch operations

wpd
N*

Johnson 2
WS

Home for Program

Home for Projects: Orion, N4Ssion Ops,
EVA, Lunar Lander

Lead Crew Module integration

Orion Spacecraft Integration Home for Ares Project

Stennis Marshall

GFE projects management Rocket Propulsion Testing Ares | and V development and integration lead

Flight Test Program AL LAS and SM SE&! Support




CxP T&V Implementation

Mission and Vision
Organization
Documentation
Processes
ntegrated Testing

Flight Testing




Challenges in CxP T&V Program

CONSTELLATION

¢ Attrition of workforce experienced in human spaceflight
development

e Aging of existing human spaceflight programs as well as previous programs
¢ Application of lessons learned
e Must ensure lessons learned are applicable to CxP
¢ Developing integrated approach among multiple organizations
e Differing practices, documentation, vocabulary
¢ New Information technology environment
e Requires shift in thinking from paper processes
¢ Extensive use of heritage hardware envisioned for CxP
e Must be applied carefully when mission differs from original

13



T&V Strategic Emphasis and Key Tenets

CONSTELLATION

¢ Reinvigorate T&V — thinking, experience, discipline, culture
e T&V planners and practitioners get educated via OJT

¢ Incorporate lessons learned
e Plan a project & THEN plan T&V is a current norm
— This practice has piles of lessons written on it
e Planning for T&V must MOVE LEFT

— CONCURRENTLY with formulation of concepts and requirements

— Enough work early enough
o T&V effort INCLUDED in the plan, not added later

¢ Rules, standards, practices aimed/set for FAR more reliable
exploration systems

e Integrated T&V guiding policy, general requirements, standard
practices, and cooperative implementation plans and processes

14



CxP T&V Mission & Vision

CONSTELLATION

¢ The primary mission of the CxP T&V function is to ensure the following objectives are
accomplished through the life of the CxP:

e Verification that the Constellation Architecture satisfies the CARD and associated IRDs
e Verification that each ‘end item’ meets its specified requirements

e Verification that the ‘end items’ appropriately integrate with other end products and “systems”, as required (e.g.,
CEV integration with ISS)

e Validation that the Constellation Architecture satisfies its stakeholders’ needs

¢ The vision of the CxP T&V function is that the following items be established, integrated,
maintained, and be readily retrievable for all levels of the CxP Architecture throughout the life
of the CxP:

e A formalized verification process that ensures CxP HW/SW complies with applicable design-
to/performance/build-to specifications (e.g., CARD, SRD, ERD, IRDs/ICDs)

e A complete and readily accessible “materiel history” for all CxP ‘end items’
e A complete “certification baseline” that encompasses all CxP flight HW/SW

e Processes and tools to support the planning, execution, and assessment of effectiveness for verification
activities performed throughout the mission integration lifecycles of each DRM

e A formalized validation process that confirms that CxP HW/SW and processes fulfill their intended capability,
functionality, and performance

15



CONSTELLATION

Administrative Office Office of the Program
S. Castillo Systems Engineer
2 B. Muirhead (M)
Lunar and Planetary Program Manager K_Joosten z3
Exploration Office J. Hanley - -
W. Mendell (M)  zaaika Chief Engineer
C. McKay (M-ARC)/L. Leshin (M-GSFC) Deputy Manager S. Labbe (M) A3
Mission Management L. Thomas (A) - - - —
Ares I-X: B. Ess Chief Medu_:al Officer
S. Davis (M-MSFC)/C. Scott (M-KSC) J. Davis (M) A
Ares |-Y: S_Gahring ZA —
Portable Equipment Chief SMA Officer
& Pyrotechnics Office J. Bye (M) NAT3
B. Swan (M) MV
Chief of Staff Technical: D. Neubek —— Associate Program Manager KSC: Vacant
Assistant Manager Integration: B. Ward - Associate Program Manager MSFC: D. Thomas
Special Assistant Integration: M. lvins (M) +— Manager for Technology Integration: L. Ham
Assistant for Strategic Communications: J. Rhatigan +— Secretaries: K. Gabel, S. Vasquez
Chief of Staff Administration: S. Castillo ™+
| | | I |
Program Test & Operations Systems Safety, Reliability &
Planning & Evaluation Office Integration Office Engineering & Quality Assurance
Control Office W. Arceneaux R. Castle Integration Office Office
C. Stegemoeller T. Rathjen V. Wyche C. Hardcastle C. Noriega
K. Pollard D. Petri/C. Lundquist J. Williams
d:] ZC ZD ZF ZG
| [ . T L . F— ... _. ,
Orion Project Ares Projects Ground Operations || Mission Operations EVA Systems +  Altair Project I + Lunar Surface I
M. Geyer S. Cook Project Project Project | L. Hansen I | Systems Project I
M. Kirasich T. Vanhooser P. Phillips D. Webb G. Lutz . C.Dorris (JSC) .:  C.Culbert(M) .
J. Kunz G. Bull L. Kearney !D- Schumacher (MSFC) I M. Leonard |
JSCIZV MSFC/JPO1 KSCILX JSC/DA JSCIXA e JSCIZL | I __________ JSCIZS |




Test and Evaluation Organization

CONSTELLATION

Constellation Test and Evaluation
Director, William Arceneaux (JSC)
Deputy Director, Tom Rathjen (JSC)

Cx Testing Facilities & Assets

Cx Flight & Integration Testing

Propulsion TIG

| Orion — ISS Campaign Test
Strategy

— CxAMP Operations
Wind Tunnel TIG

Ares I-X Mission

— Mission Test Leads Test Integration Groups

Chambers TIG (TIGs)

Ares I-X Mission

T 0 Multiple/Flight Element Integration
Ares I-Y Mission B Testing Structures TIG
Integration of Cx Program

CofF Plans

Ares I-Y Mission

Shuttle/ISS Development Test Environments TIG

Objectives
Orion 1, 2, & 3 Mission

Orion 4 & Subs Mission Lunar Campaign Test Strategy
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CxP Requirements Flowdown
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Level 0, HGO, Op=sCon +
Requirements An I
au alysts Level 0/1
Draft @ ICPR ¢ k4 ¢ ‘#
BlL (@ Cx SRR 3.2 33 34 35
Cx Arnch. DesigniConstr. External Phy=sical
Regmts Standards Irterfaces Char.

Decomp |4 | | | | Cx Program Controlied

Architecture / Integrated Systern Level Req'ts

St
— IRDs

Draft @ Cx SRR [ | | |
B @ Proj SRR ¥ 5 " 1. .
3.2.% ! ! .
External ICDs

Allocated CesigniConstr. Phy=sical

Requirements Standards Interfaces Char. ’_ﬁ
Decomp |4 | | | | » IRDs Project Controlled

¥

Level 4 and Below
Yendor or GFE Projects
Decomp [ L [ 1cDs .

#» ERD=
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CxP Verification Planning Documents
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Constellation
Program Plan

70003

| |
Systems Engineering

Constellation Management Plan
Architecture (SEMP)

Requirements 7001
Document
70000

Master Integration
and Verification
Plan (MIVP)
7000

Environmental Qualification

and Acceptance Testing Software
Requirements. (CEQATR) Inﬁgra;eﬂdﬂggst Verification and
70036 o Validation Plan

Integrated Flight Ares |-1 Flight
Test Strategy Test Plan
Document 70127

20
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Environmental Testing

¢

Developed CxP 70036 CxP Environmental Qualification and
Acceptance Test Requirements

Roughly equivalent to MIL-STD-1540, but many practices differ
from DoD

Utilizes Risk-based tailoring process

¢ Document addressed varying test practices within NASA

community

Resulted in formation of Environmental Testing Community of
Practice (CoP)

21



s Scope of CxP Verification
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Stakeholder g Final ! .
. VALIDATE (to Stakeholder Need —= Validate ——= Operate—= Dispose
Needs ~— LA s Product | L p
_—
— s
VERIFY (1o Specification) — === e o Initial »
— — — ———— — peration.
Architecture VERIFICATION PLANNING Architecture Capability
Definition INTEGRATION PLANNING WVerification

Right problem \ —_ VALIDATE (to Mission Need)

—_——

—_
_—

_——
Right solution? \ VERIFY (to Specification) ™ = —

Policy laid out for -

VERIFICATION PLANNING

. —— ~ «Qualification (specification
_______________ , compliance)

VERIFICATION PLANNING
INTEGRATION PLANNING

— » Acceptance (N+1)

* Assembly and checkout

Right prablem

. W Ao » Operations

Component Component
Definition Verification

I - ° Va||dat|0n

INTEGRATE
inte next higher|
assermbly|
VERIFY
- = . Level n+1
Build and Manufacture  f*--{ QUALIFICATION |—»{ ACCEPTANCE |
INTEGRATE

SN

VERIFY VERIFY VERIFY

- . .. Leveln

TIME
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CxP Verification - General Process Flow
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-

Identify
Requirement
Set

Write
Verification
Requirements

Develop Plan Implement Develop Pfe.par.e
T e Plan and Conduct e T Verification
Verification b Verification . : I> Verification ,Verlflcatlon
eadiness Reviews o Closure
Strategy Events Activities Reports :
Documentation

h
Review

Verification
Compliance
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Avionics and Software Integrated Testing Approach
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o CxP will use distributed
approach for avionics

Vendor Facility X | Y| ﬂ
B

and software SEV Err \ / Testbed A Qf\
integration and Ouipos LS ||
verification | " /‘_ CLV SIM

« Utilizes high speed CEV SIM

EEEEEEE

networks to leverage e N -
existing test facilities M\W
rather than developing

OTF J
a standalone integrated @ T Emulator &Cﬁ
test facility

Environmental
5IM Server

~

S,
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A-3 Test Stand
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<

Located at Stennis Space Center
Will be used to test J-2X engine

First large test stand built at the
center since the 1960s

300-foot-tall, open-frame design will
allow engineers to simulate
conditions at different altitudes in
order to test the J-2X's ability to
function as a second stage engine
for the Ares | and the Earth
Departure Stage engine for the Ares
\Y

Test stand will generate
approximately 4,620 pounds per
second of steam to reduce the
engine test cell pressure.

4
- | B
]
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Space Power Facility

+ 4
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¢ Glenn Research Center Plumbrook Facility

¢ Will provide Orion Environmental Correlation Test (ECT) for the
Ground Test Article (GTA) (vibro-acoustic) and Integrated

Environmental Orion Qualification Testing in a “test as you fly”
configuration.

e Acoustic Vibration

e Mechanical Vibration
e Thermal-Vacuum

e EMI/EMC

Assembly and
Integration Area

Mechanical Vibration and
Acoustic Vibration

Thermal/VVacuum and EMI/EMC
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MEIT and FEIT
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¢ The MEIT and FEIT tests will confirm that the work done
by the Projects to verify the interfaces are complete

and the elements are ready to fly and support in flight
operations.

¢ Plans for these tests will be outlined in the Integrated
Test Plan (ITP)
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Flight Element Integrated Test (FEIT)
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¢ FEIT - An FEIT is an integration test between new or significantly modified systems,
elements, and modules being assembled into an integrated launch vehicle for the first time
(e.g., CEV and CLV; LSAM, Earth Departure Stage (EDS), and CaLV) for the purposes of

operational testing (i.e., typically not development testing) or crewed flight.

FEIT for CEV/ICLV/GS/MS/C&T FEIT for CaLV/EDS/LSAM/GS/MS/C&T &T NW

C&T NW

00 s s it

GS C&T NW
C&T NW
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Multi-Element Integrated Testing (MEIT)
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¢ MEIT - An MEIT is an integration test between two or more flight systems which will be
launched on separate launch vehicles and integrated together for the first time in space (e.g.,

CEV and ISS; CEV and LSAM/EDS).

MEIT 1 — Manned CEV-ISS-MS-C&T
MEIT 2 — (NOT PLANNED) unmanned
CEV-ISS-MS-C&T

MEIT 3 — CEV-LSAM-MS-C&T
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Flight Test Driving Principles

+ +
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¢ Integrated flight test strategy encompasses
development through operational validation

¢ Development tests inform design, models,
adjustments

¢ Validation objectives:
e Does the system ‘do what we want’?
e Does the system ‘behave as expected’?
e Do we understand how to operate the system?

¢ A mission’s objectives (test, ops) are linked to
manifested capability set

¢ Testing continues after transition into mission service

30



Constellation’s Integrated Flight Test Strategy
Low Earth Orbit Servicing Capability

+ 4
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'Lﬁs \.'!

Ares I-X
Development Flight Tests

Orion Orion
Project Prime
AA-1 AA-2 AA-3
Max q Transonic Tumble
Abort Abort Abort

PA-1

PA-2

l

=

Validation Flight Tests
(Production Systems)

Ares |I-Y Orion 1 Orion 2 Orion3 Orion4

High
Altitude
Abort
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