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CONSTELLATION

A Bold Vision for Space Exploration,
Authorized by Congress

Complete the International Space Station
Safely fly the Space Shuttle until 2010

Develop and fly the Crew Exploration Vehicle no
later than 2014

Return to the Moon no later than 2020

Extend human presence across the solar system
and beyond

Implement a sustained and affordable human and
robotic program

Develop supporting innovative technologies,
knowledge, and infrastructures

Promote international and commercial participation
in exploration
R NASA Authorization Act of 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 destinatio!
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I Translating Vision into Timely Reality

Mars| Expedition; Design

SRR Schedule Overview - Updated 10/30
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ﬁ Learning & Leveraging From the Past [nAs
. as We Lean Forward with Today’s/Tomorrow’s Technologies Y&

CONSTELLATION

* 34 Years since IaSt_ Human Building on a Foundation of Proven Technologies
Space Transportatlon SRR P - Launch Vehicle Comparisons -

— People working together will be
the key to our success

— Must learn from/leverage
robotics/unmanned expertise

— Need to strategically engage
Industry and DoD

Lunar
Lander

Earth Departure
Stage (EDS) (1 J-2X)
499k Ib LOX/LH,
S-ivB

Upper Stage (1J-2 engine)
(1 J-2X) 240k Ib Lox/LH,
§ 280k Ib LOX/LH,

S-ll
(5 J-2 engines)
1M Ib LOX/LH,

Core Stage

(5 RS-68 Engines)

3.1M Ib LOx/LH,
S-IC
(5F-1)

5-Segment 3.9M Ib LOX/RP
2RSRBG |

Space Shuttle Ares | Saturn V

Height: 184.2 ft Height: 321 ft ight: Height: 364 ft
Gross Liftoff Mass: 4.5MIb  Gross Liftoff Mass: 2.0M Ib Gross Liftoff Mass: 7.3M Ib Gross Liftoff Mass: 6.5M Ib

55k Ibm to LEO 48k Ibm to LEO 117k Ibm to TLI 99k Ibm to TLI
144k Ibm to TLI in Dual- 262k Ibm to LEO
Launch Mode with Ares |

290k Ibm to LEO
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Systems Engineering Near-Term Focus
with Long-Term Objectives in Mind

CONSTELLATION

 The scope of this initial CxP SRR and
“First Season of SRRs” covers the
architecture and engineering artifacts
associated with:

— Transportation to and from low
earth orbit

— Transportation to and from the
lunar orbit as it relates to “driving
early designs” of
CEV/CLV/GO/MO/EVA

« Also Refining Integrated Plan to
leverage off of LAT and Lander
Studies for performing Systems
Engineering in Disciplined Manner in

reparations of next Season of SRRs
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L
>

T



Multiple Time-Phase SRRs

T PMR Revision #1
CX P S e a SO n Of S R RS ) DRAFT Initial Capability Content
for Lunar Transportation =S =
Analysis of User Selection ar ] ©
Requirements Validation o  [Freeem™™eo=ion || e Wl e e 1| ex |1, ool el e’ L
Environment and Reorganization of Preferred Sy war| [OIET | P
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Functional Allocation to Verification of oL coras
Analysis and Project/Element Element Poton
Decomposition Performance Transiion Sui

Mission Operations oorae

ECANS

Verification of
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Performance

Allocation to
Element/
subsystems

Functional Allocation

D CS Level Il D Level lll

L L]
Concept Concept

e, === CxP Season of SRRs

for Lunar Surface

Analysis of User | and
Requirements Validation of
Components of Program Constellation Environment and Reorganization of Preferred System
requirements and V&V
objectives by architecture
organization and commonality

& Decomposition | | | | Organizalionandcommonaity = _ _ Verification of
‘ ; =P H Analysis of Integrated aiom

Heavy Lift
Launch
Vehicle v

Constraints Concept

Earth Departure
Stage

Orion - Crew Requirements and Perforn|
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Project/Element

pconct Setting the
Verification of Ri g h t
Fetemne Foundation

Analysis and

3 Decomposition
3 Crew Launch ‘? -
Vehicle
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Allocation to
Element/
subsystems

L
(':o.nt:ePt Concept
Design and Baseline

Development



This Year’s Focus — Successful Series of SRRs
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CxP 1st Season or SRRs Expectations:

v' Operational concepts baselined
v" CARD and unique specs (HSIR,
Power Quality, C3I Interoperability...)

Lvl | Regmts
ESAS Results

N

Agency
Validation

ONE Integrated
Requirements Baseline

CARD

baselined Arch to

CxP Functional and performance

Reqmts

Systems I/Fs

/

Multi-Element/
Multi-Mission

allocations to systems complete to the
extent SRDs can be baselined at
Project SRRs

Intra- system interfaces described
(IRDs, IDDs)

Verification objectives and strategies
documented (Master Verification Plan)

v" Architecture Description Document
(ADD) baselined

Design concepts underway
Progressive Performance assessments
integrated and in sync

Engineering plans published (SEMP,
SDP, CMP, RMP, ) and training

Verification

SRDs & Intra
Element I/Fs
Regmts

System
Integration
Verification

Prime Item & ClI

Specs & ICDs/
IRSs/SRSs

\

Preliminary
Design

AN

Subsystem
Integration
Verification

/

Component
Verification

N/

Build

Notional Responsibilities:

] Lvoi

] Lvill

|:| Lvi

|:| Contracting Teams

Cl/ CSCls

invoked

VA

N N N N/ N/

Technical Baseline Sync’d with Cost
and Schedule Baselines

Risks identified with mitigation plans

ICPR SRR SDR

PDR CDR First
Mission

Set

Addressing Verification Aggressively and Concurrently I



CONSTELLATION

Agency-wide Team Stood-up and Worked
Together to Deliver the CxP SRR Product Line

Constellation Leverages Unique Skills and Capabilities NASA '
Throughout NASA and the Aerospace Industry B

Lead Thermal Protection System ADP
Aero-thermal database

Software and GN&C support

SE&I Support

Dryden
Lead Abort Flight Test
Integ/Ops

Abort Test Booster
procurement
Flight Test Article
Devt/Integ

JPL

Thermal Protection
System support

SE&I Support

Lead Crew Module integration

Orion Spacecraft Integration

GFE projects management.

Test Program Integration

Lead EVA

BeadMissions Systems/operations
E_§|.Integration

all

Lead Launch Vehicles
LAS and SM SE&I Support
SE&I Support

SO S

Glenn

Lead Service Module and Spacecraft
Adapter integration

Flight Test Article NPathfinderO
fabrication

SE&I Support

Communications
Support

SE&I Support

Langley

Lead Launch Abort System
integration

Lead landing system ADP
SE&I Support

Lead Ground processing
Lead Launch operations

Lead Recovery operations
SE&T'Support

aa S
.- October 2006 /81,

NPR 7123.1 SRR Entrance Criteria

deliverable) :

System Architecture. ADD, draft at SRR

System requirements document. CARD,

IRDs,Standards

System software functionality description.

SADD, draft at SRR

Updated concept of operations. Ops Con

(baselined Prior)

Updated mission requirements, if applicable.

DRMs (in Ops Con)

Baselined SEMP. Baselined SEMP

Preliminary system requirements allocation to

the next lower level system. CARD 3.7 = SRD

3.2S53.6, FAM

Updated cost estimate. ( ID areas of Cost Risk

Relative to POP and populate in ARM), Life

Cycle Cost plan

S Technology Development Maturity
Assessment Plan. Tech. Insertion. Strat.,
Draft at SRR

S8 Preferred system solution definition including

major trades and options. DAC Results, RAD,

draft at SRR

UxUx  Ux  Ux Ux UxUx

x

CxP SRR Annex S

November 10, 2006

ox Ox

wx Ux Ux Ux

U OxUx U

+ The following technical products for hardware and software system elements are
available to the cognizant participants prior to the review

(blue text indicates Annex

Updated rigk assessment and mitigations. Top
Risks |.D.@d in ARM and mitigation plans in place
Updated schedule data (Integrated Master
Schedule)

Logistics documentation (preliminary maintenance
plan, etc.). R&M Plan, Logistics supportability Plan
draft at SRR

Preliminary human rating plan, if applicable. HRP,
Vol |, draft at SRR

goftware Development Plan (SDP). SMPP, draft at
RR

System safety and mission assurance plan.

SR&QA Plan ( baselined prior)

Configuration management plan. MSR V1
(baselined prior)

Project management plan. PP (baselined prior)
Initial document tree. MSP A3 (baselined prior)
Verification and validation approach. MT&YV, draft at
SRR, Sect 4 of CARD initially populated

Preliminary hazard analysis (PHA). Draft PHA via
IDAC2

Other specialty disciplines as required  (targeted
items from Program doc tree- see PP&C
presentation)

efined all Deliverables & Maturities
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NGO, DRMs/Operational Concepts, Functional Analyses &
¥ Requirements Maturation Performed Across Summer and Fall

. ) cargo (when flying a crew of 3) _

L e b g acmeer) @Requirements Enhancement Leading to SRR

:‘ 4 P~ - Seyvice Module
= — xﬁ“;"“"” Focused Maturation of the CARD/ Lvl 2 Standards/IRDs/SRDs for the SRR
| S S C rew. E AresliDelveredMass| 207t (78005 &= [1Gap Analyses/Resolution
. : S NGOs/ OpsCons/FFBDs  to decomposition/trace to CARD 3.2 & 3.7
ROtatI on: Ares-| Lift Capabiity 26 mt}as.mmﬁ o

Horizontal Traceability with links in CRADLE ~ Sto FFBDs/Ops Cons
S CARD Top down checked against SRD bottoms up

[JCARD-to-SRD Allocation $ 3.2to 3.7 to SRD 3.2
$ Vertical Traceability with ~ LINKs in CRADLE S NRightO& no orphans
e ~

[ NOwners/Stakeholders OID in CRADLE Requrements Management Office |
[IClarity § Concise & Measurable e " ﬁ_ -
— [ Rationale/justification for Regmt S=asl0
H 2,858 kg (6,30n,,) cargo [ Validation method ID@
PI’eSSU rlzed _ [ Verifiability/ Verif. Methods -Sect 4 i\\
Cargo: . R | . o {1 TBD/TBR Nbinning O& Map to TDSs N
ISS orbit 407 km (220 nm), 51.6% 1 S . 1 P ” ey [ITBD/TBR Mhon TDS Oburn-down plans :‘~\.,__
E Aseet At BeE R (3000 i), 516 { " " TBD/TBR real -time resolution N _‘;(‘
' i [ Prioritization § Tiedto KDRs E:" S,
) ! 3 B ) e T [1IRDs/Applicable Standards & Reqmts Invoked ~'~.,_~ J
Ares-| Lift Capability 26.81t(48,0700,) [1IRD to SRD Standardized Format/Approach & Verif Established =~
~ [ Initiate Achievability Assess. KEY: .
[ Prep for Just -In-Time IDAC2 === i ’
Trade resultsirecommendations e oo
- 4 1-2+2days 90days P

2
Vehicles are not to.seale B
MMH/NTO main, JDS Lunar UOS
RCs

— Maon_@
GO,/ Ethanol - — ¢
ﬁ % i’-- \ — =

Ascent
P o 1,877m/s(6,158 ft/s)
CARD Req’t B - )

(SRR DRAFT)

.

“acaevaeaczacaczoeaczazacs
LLO 100 km (54nm)

EDS Performs TL/

3,150m/5(10,335 ft/s) Somice Module
Expended
0 296kth (160nm) "ﬂ‘
'] Fy 1
' I ~
S o= ) Direct or Skip Entry
b Ares-| Delivered Mass 23.8mt(52,250b,)
i i
L CONUS

5 X RS-68 Land
Isp 414.7 5 NH, Ve \ Landing

MMH = CH N H,



Key Level Il SE&I Tenets

CONSTELLATION

* Recognize people are our key resource & FromLEOto t“iﬁ”;g’;;j;ﬁ, First Step to Mars
* Service the needs of our customers Rorvicing & Learning from \w p—
¢ PrOjeCtS, HQS & CXP Ofﬁces Regaining and extending &- ho
operational experience in a 1 A
hostile planetary a: 5
* Build a high performance, virtually distributed, ‘*D’;t'e’;':;;:]"zapab"mes gesp.
nationwide team that strives for seamless operations needed for opening the a PN
and overcomes cultural obstacles reparing for human i
* Leverage the best of the Agency and value the exploration of Mars !
governance model Sacoveryerations and g

» Address architecture — ground and flight systems —
as one complex inter-dependent system

7 SRR Schedule Overview @
» Focus on reliability, maintainability, interoperability, S—

InterChangeablllty, Supportablllty and eXtenSIblhty tO | “'!“JT‘JF‘/R:"Eim??ikﬁ}f":““'f‘““@?mm?? I
enhance safety and long-term operability/affordability i B

[ . i R T et L% g . 3 =1 |||
) ArChIteCt/Integrate englneerlng tOOIS; prOCGSSGS, , This Year’s Focus — Successful Series of SRRs @ F
models and data systems always looking/building - %

towards the future

EVA SRR
wy

| B
o
3
b

» Set the right foundation for the future Human Space
Exploration then focus on timely execution

v Risks identified with mitigation plans

inplace Addressing Verification Aggressively and Concurrently

10



The Path To CxP SRR Board

CONSTELLATION

. Jan ERTT Product Line
— Rapid Requirements Development to Facilitate Procurement Strategies
. Mar- May ICPR Product Line
— Level-setting Program on a Plan Forward
. May —October Integrated Design Analysis Cycle (IDAC)
— 170+ Analyses across Level |-l
. June F2F Efforts
— Focused SIG-centric Requirements Maturation
. July Virtual Mode of Ops
— Continued Maturation of Requirements for all characteristics of good requirements
. August Table Tops
— Full Stakeholder Reviews - Project Focused
. September/October Agency-wide Product-line review & RID/Comment Submittal
— 92 Engineering/Program Artifacts
— 1898 RID initiators
. October/November Disciplined Review Panels with Stakeholders to Disposition
— 5138 RIDs and 3367 Comments
. November Pre-Boards
— Summaries, Issues & Reclamas

Building a Requirements/Process/Strategy Foundation while Building a Team

11



Purpose of CXP SRR

CONSTELLATION

« The Purpose of the SRR(s) is to ensure that :

— CxP Program Level | and Il requirements are understood and
technically mature to provide an architecture that will meet the
mission needs, goals and objectives within the constraints of
Budget/Cost/Schedule/law etc...

» Requirements-based products have been prioritized book-to-book and
cover-to-cover for requirements RIDable for this Season of SRRs

— Program-level key processes, strategies and plans are documented
to manage the development of the architecture

» These products have also been prioritized for future baselining

— Operations concepts and Program requirements have been analyzed,
allocated, and flowed down to support development of Level lli
product requirements

« Focused on Aligning Level lll and Il and Meeting Level |l Needs

— Major risks to the Program are re-addressed and mitigation
strategies discussed

Per 7123.1 The SRR examines the functional and performance requirements defined for
the architecture and the preliminary program or project plan and ensures that the

requirements and the selected concept will satisfy the mission.
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SRR Review Panels & Products
A, M&S RP R .R.P PTIRP IMRP SRAQARP PP&C RP C3l/Avionics & SW RP Additional RPs as T&V RP
N. Lemmons K. Williams M. Sampson M. DiGiuseppe J. Rush C. Stegemoeller S. Rader needed E. Strong
D. Monell N. Srb ) D. Korth . - Steg R. Spagnuolo (e.g. Ol or PnT)
1 o
() CxP 70003 Q)CXP 70006
CxP 70009 Cx Program Plan [~ SRR Process
SIAP C. Stegemoeller Plan
A, Zuniga P. Landis
CxP 70072
MSP 1
D_ Hackfeld CxP 70006
Anx 02 LT SRR
Process Plan
2) cxp 70043 —_—
CxP 70062 FMEA/CIL
\1) @ s hM'eltdhocl.
CxP 70074 P T 3. Knap . Schonta 0]
Modeling & DRMS/OPSCON [2) CxP 70013
Simulation e — 1 CxP 70070 CxP 70072 SEMP
Implement Plan - CxP 70055 Anx 01 Anx 02 J. Shaker
— SR&QA Plan s, Doc/Spec/Prod
J. Williams C. Stegemoeller B NI"sTrees

CxP 70016

*Note: CARD will
have some Lunar
reqmts "For
Comment"

T

© (~] ) © ) © © ©
=] B =] B =]

s

| | o °"‘
=]

© © © © ) )
E B E

0
2 CxP 70056

Risk Mgt. Plan

J. Turner

1 cxp 70070

2) cxp 70073

Vol 1

MSR, CM Rats.
D. Hackfeld

CxP 70073
Vol 02
MSR, DM Rats.

S Boriack

LEGEND
D BoarPd; rl?;view
]
]

Comment-able
Document

RID-able
Document

Baselined Prior
to SRR

@ Data Drop #1
(2) DataDrop#2

Drop for HIQAT
Review




SRR Schedule Overview - Updated 10/30

CONSTELLATION

UG V(U
Aug Sep Oct Nov Dec § Jan Feb Mar
Drop 9/15 %? %g P! B| . Remaining CxP SRR RIDs & Comments Burned Off Per ‘
- re-poar . . agn =
Reqmts - 10-24 Ends 11/9 Approved Plans w/ Progressive/Prioritized Baselining
BOARD {>1 2/ Program
&/13 %19 - 1114 Ein al ct)f IB:reme ttalD Baseli
ICKO egmits bocumen ro . . s
CxP SRR I . : to Projects Synchronizatior
Go o i .
9/15 - i %
. . Y/ —Projec —_ = i — = = e e = — A=
4 Alignment tp this Ver. :_ R'1D1(,:2% Pre-Board @
I e
" o I S B Ly 777777% 0.~ IS IS I RS NS S VU Sy b, |
B R e __:__ Req-'B_/L ]
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B arts
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_ —— Mission Sys SRR % Ty ¢
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— i i i i i — — — — — e — fo — — —  — o — -E .
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g ‘ RID c! * ?‘k
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SRR Execution Team Background

CONSTELLATION

A RID process and tool were implemented for Initial Constellation Program
Review (ICPR) that buckled under the onslaught of a large number of users
and RIDs

» Key program review stakeholders identified the need to prevent similar
problems from occurring for upcoming SRRs

— ICPR users and stakeholders were contacted and ICPR lessons learned were
captured along with recommendations for future reviews

 Requirements document was written to capture RID process overview
description and detailed RID process tool requirements

« Trade study was performed to assess Off-The-Shelf (OTS) RID Tools
and government OTS tools vs. requirements

15



SRR Execution TeamBackground (cont’)

CONSTELLATION

 The team was tasked to produce a working process in ~60 days

« Key team members included:
— NASA Constellation Program
— NASA Integrated Collaborative Environment (ICE) Program
— Booz Allen Hamilton
— Vignette
— Wyle Laboratories
— And many others

* The result was Constellation and Community Electronic RID Tool (ConCERT)

16



Hardware Installation, Get Ahead Plan (in work)

CONSTELLATION

NASA RIDs Implementation Project Plan

Activity Jul 915 Jul 1622 Jul 2330  Jul 31-Aug 5 Aug 612  Aug13-19
Develop and Unit Test Initial Workflow, Policies, and Ul (FH12-TM15)
Install YVignette Tool on Staging hardware (7117-718) |:|

Install and Systern Test Workflow, Policies, and Ul On Staging Hardware (7118-7121) | |

Continue Development and Unit Test of Workflow, Policies, and Ul {(719-7/24) | |
Beta Test (7124.7:27) l J

Update and Unit Test Workflow, Policies, and Ul Based on Beta Test (7/24-8/7)

Establish Power and HVAC for RID Production Hardware (7127-7/28)

Enter Hetwork Connecdlion Request and Ports (7/27-7728)

Conduct inkial securky scan in staging environment & produce report (7/27 AM)

Tag Hardware and Shipto Hetwork Data Center (7/28)

Rack Production Servers (729

Inztall 05 and create DB User (7:30)

Perform Server Security Scan and Modify POAM (7731 AM)

Install RID Application (7/31 PM)

20t Security Scan and Update Security Plan (8M-8/2)

Perform Load Testing (8/3-8/4)

Conduct User Acceptance/Verification Testing (8/5-8/6)

Conduct SRR (Tool On-Operational Network Date: Aug 3rd)
Rack Stagng Servers

Install 05 and DB User on Stagng Servers

Perform Server Security Scan and Modify POAM

Install RID Application
Activity Completed RID= Harchvare st Tool Resdy !l\fork Beginz on RIDs
Activity To Be Completed tarshall for SRR Staging Environment

Booz | Allen | Hamilton

17
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RID Process Timeline for SRR

D06
Aug Sep ~ Oct Nov Dec Je;n

DataDrop. RID] CARD i
Constellatlon Program SRR

8/105 # e
_____ Ll i_____

o: . BOARD 9/28
8/21 9/4 9/18 9/25 9/28 9/29 10/12

. Data Drop Preéoard Acfon Items‘ ‘ Board Report ‘

_Stats _Complejed 10/12 Released 10/12_ |

Initiation &
Screening

Team Review

Work Action
Iltems
Pre-Boards :| |:| |:| |:| |:| |:|
1 every Work Action
other day ltems
Bpard
Work Action
ltems
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RID Process Flow example

RID Initiation, Screening & Review Sub-Process
S
o Enter RID Text or
o — Submit_ Comment [*— Revise RID CIar_i_fy RID Review RID Review RID
= (Initiator) Inputs (Initiator) Disposition Disposition
£ ‘ (Initiator) (Initiator)
Submit 4
RID Text Revised Y
RID
,‘: H Organizational
own Review of RID Submit RID? No
85 (Sponson) No, Clarify RID
x a
=
v
a Yes Assess RID &
c Assign Review Pass
g Team Leader Screen? Re/;:orrr\[r)r\\/eend Recommend
S (Screener) w/Mggifica(ion Withdraw - —1
@ Notification Notification No, Reclama
Non-RID
€ Comment
g o v No, Reclama
-3
5 g Review RID
— (Review Team)
>=
Q
x i
k-]
3 ‘ ‘
- Assess RID, Verify Disposition RID for :Leng::':rslg
v Correct Team Correct Recommendation ecommenad . Board
g A Assignment Team? Correct Team —, and Board Review Dispoy Comblne@ ll’s::;cs)aﬂr’dr Sub-Process
IE (Team Lead) (Team Lead) (Team Lead)
A
8 5 No, Reassign Lead A LRecommend Approve or Approve w/ModJ
=] Acknowledge/ N
S € RID Action Not Required >
o 3 Ly Ré:&::‘:n‘:’ Requested q Sub-Process
o o (Product Owner) (Product Owner)




Overall SRR Metrics

CONSTELLATION

Constellation SRR RIDs and Comments
{spproved by Sponsor)

Total RIDs = 5,138 Total Comments = 3,367

= Comment

" RID

AMES RP CIAESW RP PPELC RP

5al Bonaccorso 11,1042




Review Panels SRR risk input

1. Risk whose source are RIDs brought to SRR pre-board discussion

2. Panels reviewed current CxP risk profile and suggested risks that
should be captured and tracked or changes made to current risk
mitigations based on insight after SRR. These could be non RID-
related (current program risk detail to be posted as reference to
Windchill “CxPO SRR Board document”)

@ C3I Panel Candidate Risk
C3I panel RIDs/Comments by Initiators LxC RIDs/Comments to pre-board by panel
assessment (All docs, Drop 1&2) LxC assessment
Ls 7 ]125)] 25) 53 L5
I |
K 4 5 K 4 1
E E
Focus was on Ly 4 L
significant risk to 02 1 02
g (o] RIDs (SAIR) : 12182, O
D1 2 9242,11701, 12489 D 4
Program that we should e e s e
= u CONSEQUENCE RIDs (C3l) for Info: 4988, 5099 CONSEQUENCE
conSIder Start traCkI ng Candidate Risk out of RIDs/Comments to pre-board
post SRR per Program oy | CONSEOUENCES cotoce 1 SHPIIIMI | S | e
. eam mf;“()c;‘r;:)se AleElc|o
Risk Process/Tools AHEE
en that.. Ther )
C3l RID 8388
non

20 - 21
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Top Risk List
Friday, November 10, 2006

1

4 | 8

3] 3

2 3 4
CONSEQUENCE

A - Top Directorate Risk (TDR) Owning L [ Consequence
A - Proposed Top Directorate Risk (P-TDR) Team i slels]c
M - Top Program Risk (TPR) kAl El ¢ fo)
e| F[R| H S
F| E T
D
A 1102 - Inability to Close the Human Launch Gap from PP&C 510|035 | 5
Shuttle retirement in 2010
A 1413 - Development of a Program-Wide Earned Value PP&C 4|10(0] 4]0
Management System (EVMS)
B 1432 - Development of a Program-wide Integrated PP&C 4(0(4] 4| 4
Master Schedule (IMS)
A 1407 - Tool Impacts from Lack of Program Data PP&C_MSO (3 (0|4 O 0
Architecture
B 1401 - First Crewed Lunar Return without adequate ORION_TPS|5(4|0] 5 | 4
ground or flight test qualification plan _ADP
/A 1236 - LAS Development ORION LAS | 4 (2 (4| 4 4
B 1119 - CEV Control Mass ORION_INT_| 4 |1|3] 3 4
VEH_PERF_
ANSYS
A 1239 - Flight Termination System (FTS) RF ARESI1ST |4 (0 (0| 5 | S5
Command Format STAGE
B 1118 - Ability for CLV to Meet Performance ARES_ILVE | 5| 0|4 O 3
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+ Delivery Commitments to Projects
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> CxP To PBS Schedule Overview

OOOOOOOOOOOOO

¢+What is PBS

e Opportunity to re-sync the program after the LlII
SRR and all individual LIl SRRs

— Recognizing we will all be working very hard all along the path to stay sync’'d

e Evaluate where the Program is in terms of
satisfying/addressing all actions and baselining
plans coming out of CxP SRR

¢ Incremental planned update of CARD

e PBS assists with closed technical cost and

schedule solution for Pre-NAR and validating the
glide path to SDR’s
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EVA SRR

Pre-Board
Starts 2/20

Products
Released
3/4

'ARD Final Tech

Direction

Pre-Board

RID CO
2/29

Starts 3/9

Jan Feb Mar Apr May | Jun Jul | Aug
CxP SRR | Program ; o
Baselihe Collectively We Must Maintain
ronizati Disciplined Vertical Alignment
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CONSTELLATION

We Intentionally Strived to Exceed Standards Here
Because We Believed It Was the Right Thing To Do

ﬂ NPR 7123.1 Criteria (Written for a Project)

The resulting overall concept is reasonable, feasible, complete, responsive to the mission
requirements, and is consistent with system requirements and available resources (cost,
schedule, mass power, etc.).

The project utilizes a sound process for the allocation and control of requirements throughout all

levels, and a plan has been defined to complete the definition activity within schedule constraints.

Requirements definition is complete with respect to top level mission and science requirements,
and interfaces with external entities and between major internal elements have been defined.

Requirements allocation and flow down of key driving requirements have been defined down to
subsystems.

System and subsystem design approaches and operational concepts exist and are consistent
with the requirements set.

The requirements, design approaches, and conceptual design will fulfill the mission needs within
the estimated costs.

Preliminary approaches have been determined for how requirements will be verified and
validated down to the subsystem level

Major risks have been identified, and viable mitigation strategies have been defined.

Per 7123.1 The SRR examines the functional and performance requirements defined
for the system and the preliminary program or project plan and ensures that the
requirements and the selected concept will satisfy the mission.

For NASA Internal Use Only

ﬂ NPR 7123.1 SRR Entrance Criteria

e U«

W 0 (28 (28 (28

+The following technical products for hardware and software system
elements are available to the cognizant participants prior to the review
(blue text indicates Annex deliverable):

System Architecture. ADD, draft at SRR
System requirements document. CARD,
IRDs,Standards

System software functionality description.
SADD, draft at SRR

Updated concept of operations. Ops Con
(baselined Prior)

Updated mission requirements, if applicable.
DRMs (in Ops Con)

Baselined SEMP. Baselined SEMP
Preliminary system requirements allocation to
the next lower level system. CARD 3.7 = SRD
3.253.6, FAM

Updated cost estimate. (ID areas of Cost Risk
Relative to POP and populate in ARM), Life
Cycle Cost plan

Technology Development Maturity
Assessment Plan. Tech. Insertion. Strat.,
Draft at SRR

Preferred system solution definition including
major trades and options. DAC Results, RAD,
draft at SRR

CxUxUx  Ox  OUx Ox  Ox Ox Ux

[

Updated risk assessment and mitigations. Top Risks
1.D.@d in ARM and mitigation plans in place

Updated schedule data (Integrated Master Schedule)
Logistics documentation (preliminary maintenance
plan, etc.). R&M Plan, Logistics supportability Plan
draft at SRR

Preliminary human rating plan, if applicable. HRP, Vol
I, draft at SRR

g%fgvare Development Plan (SDP). SMPP, draft at

S?Istem safety and mission assurance plan.
Plan (baselined prior)

an?guration management plan. MSR V1 (baselined
prior,

Project management plan. PP (baselined prior)

Initial document tree. MSP A3 (baselined prior)

Verification and validation approach. MT&V, draft at
SRR, Sect 4 of CARD initially populated

Preliminary hazard analysis (PHA). Draft PHA via
IDAC2

SR&QA

Other specialty disciplines as required (targeted items
from Program doc tree- see PP&C presentation)

CxP SRR Annex S Defining all Deliverables & Maturities to CxCB 5/24/06 I

For NASA Internal Use Only

CxP is a Complex Agency-wide Effort with NASA Leading the Systems Engineering and
Integration Across Architecture, Systems, Elements Matured by Multiple Projects and at

Varying Rates of Time

— We consciously therefore set the bar for this CxP SRR very high

+ Exceeding the call-outs by 7123

+ Posturing us for not just SRR for putting us on the necessary glide path towards SDR

* Focusing on Processes, Time-Phase Strategies & Plans that we will need to converge on
heading to PBS to manage this complex virtual endeveor

I We have Postured Ourselves for Success Beyond SRR
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> CxP SRR Has Focused Us Collectively on the Right
7, Things Going Forward

CONSTELLATION

Purpose of CXP SRR @I

* The Purpose of the SRR(s) is to ensure that :

— CxP Program Level | and Il requirements are understood and
technically mature to provide an architecture that will meet the

‘ M u c h Wo rk to g o mission needs, goals and objectives within the constraints of
Budget/Cost/Schedule/law etc...
» Requirements-based products have been prioritized book-to-book and
cover-to-cover for requirements RIDable for this Season of SRRs

) M ust Stay I n Syn C With S peCS — Program-level key processes, strategies and plans are documented

to manage the development of the architecture
» These products have also been prioritized for future baselining

H H - 0 ti t d P i ts h b lyzed,
e PBS will be Our next major Sl cated ang owed sown 1o support Gevaiopment o Lovel M~
product requirements
H » Focused on Aligning Level Ill and Il and Meeting Level Il Needs
C h eCpr I nt — Major risks to the Program are re-addressed and mitigation
strategies discussed

¢+ Tremendous progress to date

14 P90p|e are our Key Resource oA O DT DI DBl ol RS TR D

requirements and the selected concept will satisfy the mission.

Systems Engineering Near-Term Focus @’ — @
with Long-Term Objectives in Mind o SRR Summary

CONSTELLATION

* The scope of this initial CxP SRR and
“First Season of SRRs” covers the
architecture and engineering artifacts
associated with:

i » Program and Agency appreciates your focused participation in
SRR Schedule Overview w/ the reviews/efforts that has led us to establishing our

— Transportation to and from low earth foundational requirements/programmatic product line for the
orbit Abr future of Human Space Flight
— Transportation to and from the lunar
orbit as it relates to “driving earl
designs” of CEV/CLV/GO/MO/EVA j Program
- Baselipe
+ Also Reflmng Integrated Plan to 4 —_— Collectively We Must Maintain Synchronigatio
leverage off of LAT and Lander Ee—r——— Di d Vertical Alignment
Studies for performing Systems / s — — — — ESrag
Engineering in Disciplined Manner in sl
preparations of next Season of SRRs 1=y
2
oo | R (a2
Starts 2/20 _'3/4_' '
RID CO BOARD  Final Tech m
EE Pge wE ) -
iR =T I
=
SSRR T’ BgRe” | Ll 2 )
R co
315
GF | T BORD
" vaabios | “preseas |~ [T T
316 Starts 4119
EVA SRR RID CO
| GO

For NASA Internal Use Only 281
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Factors of Success

+ 4+
CONSTELLATION

¢ High performance teams are a product of several items:

a) Environment

b) Need

c) Culture

d) Motivation

e This team met these criteria

¢+ The SRR Execution Team (SET) established twice weekly nationwide

telecons that overcommunicated status and allowed timely issue
identification and resolution

¢+ Constellation Program management empowered the SET

¢ SET attitude was “whatever it takes”
e Whoever it takes, whatever needs done, Get ‘er done

¢+ The team understood the importance of their role and strove to succeed,
not individually, but as a team

¢+ No options were discounted, team was encouraged to think outside of
the box



Summary

+ 4+
CONSTELLATION

¢ The Constellation Program recognized the SET efforts

e NASA Group Achievement Award
e Nominated for the Rotary Club Stellar Achievement Award

¢ ConCERT has been established as the program wide tool for
program and project reviews

¢+ Constellation Program System Engineering and Integration
office enacted a knowledge capture effort post SRR that

documented the process of conducting future reviews in the
same outstanding manner

¢+ High performance teams are a product of several items:

a) Environment

b) Need

c) Culture

d) Motivation

e) etc

e This team met these criteria




“WE LEAVE AS WE CAME, AND GOD WILLING, AS WE SHALL RETURN,

WITH PEACE AND HOPE FOR ALL MANKIND”

EuceNE CERNAN,
COMMANDER OF THE LAST APOLLO MISSION
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Back-Up
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Board Member Discussions

Role
Chair
Member
Secretary
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member

Board Members

Jeff Hanley

Ed Stanton
Deana Hackfeld
Mark Geyer
Marsha lvins
Barry Waddell
Bill Arceneaux
Bob Castle
Lauri Hansen
Carlos Noriega
Chris Hardcastle
Skip Hatfield
Steve Cook
Dennis Webb
Jeff Davis

Tip Talone
Todd May
Wayne Hale
Mike Suffredini
Steve Labbe
Jeff Davis

Jeff Bye

Geoff Yoder

Title

Constellation Program Manager

ESMD Constellation Program Executive
Secretary

Deputy Constellation Program Manager
Astronaut Office

Cx Program Planning & Control

Cx Test &Verification

Cx Operations Integration

Cx Safety, Reliability and Quality Assurance
Cx Advanced Projects Office

Cx System Engineering & Integration

Orion Project Office

Ares Project Office

Missions Systems Project

JSC Chief Medical Officer

Ground Systems Project/Associate Program Manager (KSC)
Associate Program Manager (MSFC)

Space Shuttle Program

International Space Station Program

Cx Program Chief Engineer

Manager Extravehicular Activity (EVA) Project
Office of Safety and Mission Assurance, Lead Engineer
ESMD
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Ex Officio Members

Role
EX Officio
EX Officio
EX Officio
EX Officio
EX Officio
EX Officio
EX Officio
EX Officio
EX Officio
EX Officio
EX Officio

Name

Mike Griffin

Scott Horowitz
Doug Cooke

W. Michael Hawes
Bryan O'Connor
Scott Pace

Ralph Roe
Christopher Scolese
Richard Williams
Deb Neubek

Rex Geveden

Title

NASA Administrator

Associate Administrator Exploration Systems Directorate
Deputy Associate Administrator

Associate Administrator, Space Operations
OSMA

PA&E

NESC

NASA Chief Engineer

NASA Chief Health and Medical Officer

Cx Chief of Staff Technical

Associate Administrator
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