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Outline

The Ups and Downs of Presidential
Administrations

How This Translates into Program Planning
A Brief Primer on Writing Requirements



Sep 12, 1962

President Kennedy
Rice Stadium
Houston, TX

“But why, some say, the moon?
Why choose this as our goal? And
they may well ask why climb the
highest mountain? Why, 35 years
ago, fly the Atlantic? Why does
Rice play Texas?

We choose to go to the moon. We
choose to go to the moon in this
decade and do the other things, not
because they are easy, but
because they are hard.”
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1960s

The Complete TV Series
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1969
Oscar Winner
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1980s

Ronald Reagan (40)
Space Shuttle
Space Station Freedom

The Challenger Accident
Schedule Pressure
NASA Culture




Leadership
Lessons Learned
from Challenger

« T, 5COMMISSION

""" &5 on the Space Shuttle
— Chazzengf Accident

&, PRESIDENTIAL

» Recommendations:

* The Shuttle should be
reviewed...vital program information frequently
bypass the National STS (Shuttle) Program
Manager. A redefinition of the

IS essential.

* NASA should establish a
and

... because of a
tendency [of] ... failed to
provide full and timely information....

NASA must establish a flight rate



1989-1993

Report of the 90-Day Study
on Human Exploration of
the Moon and Mars

AMERICA

George H.W. Bush Administration (41) AT THE THRESHOLD

July 20, 1989— 20" Anniversary of the Moon
Landing

90 Day Study
Space Exploration Initiative




1993-1996

Bill Clinton Administration (42)
From Space Station Freedom

to Alpha
to R-Alpha and ISS




1996-2000
Exploration Begins
Its Comeback

Discovery of potential proof of life
on Mars




2001-2003

George W. Bush (43)
Loss of Columbia




Leadership Lessons

| earned from = CAIB Recommendations:

Columbia * Adopt and maintain a Shuttle flight
that Is consistent with available
S (TN LA resources.
ACCIDENT INVESTIGATION BOARD ® Implement an expanded program
...safety contingencies beyond launch and
A ascent.
/ *a * Establish an
f’ J! N * NASA Headquarters Office of Safety and
x “*"K,”‘“‘ Mission Assurance should have

... and should be independently
resourced.
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2004-2009
Back to the
Moon and On to
\ETES

George W. Bush (43)
Vision for Space Exploration

A Unified Congress

: +4 %
CONSTRLLATION

+ Complete the Inter
Safely fly the Spac

Develop and fly the
(Orion) no later tha  «+

Return to the Moor&—-

Extend human pre
and beyond

+ Implement a sustai==— =
robotic program —
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2 ’) Constellation Leverages Unique Skills and Capabilities %
200 5 — 2 009 ’? Throughout NASA and the Aerospace Industry 2

Ames Glenn
+ Lead Thermal Protection + Lead Service Module and e
System ADP Spacecraft Adapter integration 3
g geg-Aerothzngsl&%atabasen + Flight Test Article “Pathfinder”
5 ” + Software an suppo fabrication
4 “?/ / + SE&I Support i Goddard
=Y = + Communications
(o’n;ﬁlmou' Dryden ‘ Support
+ Lead Abort Flight Test ¢
. g Integraticn/Operaticns
. . . + Abort Test Booster
Establishing Constellation P e
+ Flight Test Article
.. : : : Development/
A New Administrator : [ tegraton _ Langley
Ny P~ + Lead Launch Abort
System integration
Focused Goals — ¢ Laadlandig
- system ADP
: X . 5 JPL + SE&I Support
BrOad Support ; - : 3 + Thermal Protection ;

System suppert

. Kennedy
* + Ground processing
~  + Launch operations
+ Recovery operations

\
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Johnson
+ Lead Crew Module integration
Orion Spacecraft Integration Stennis :
GFE projects management + Rocket Propulsion Testing Marshall
Flight Test Program for Crew Launch Vehicle + LAS and SM SE&I Support




2010

Obama Administration (44)

Cancelation of Constellation 2010

Space .. &ksNBCNEWS.com 212/2010

NASA grieves over canceled
program

Administrator says end of moon program is like ‘death in the family’

President Obama's 2011 budget request for NASA cut the

=

agency's Constellation program completely, effectively

canceling a five-vear, $9 billion effort to build new Orion

spacecraft and Ares rockets.

The new space vehicles were slated to replace NASA's three
aging space shuttles (due to retire this year) and launch

astronauts into orbit and on to the moon.




National Aeronautics and Space Administration

2010-Present

Acceleration of Commercial Crew Program

Asteroid Mission
What's Next?




So What Does this
Mean?

» US Space Program is an extension of
the Presidential Administration

» NASA develops the options, the
President decides the direction

= Political pressure not only shapes
programs but also can lead to deadly
consequences




Outline

The Ups and Downs of Presidential Administrations

How This Translates into Program Planning
A Brief Primer on Writing Requirements



The Importance of
Good Planning

Lock in 80-90% || Determine Mission
of Costs Here Capability Here

High cost of going into space Decisions
Made Here

Cost is locked in early

Need for process

Annual Cost

System Design Phase Closeout Phase

Concept Refinement System Development and Production Phase

and Technology
Development Phase

Operations Phase




The Systems
Engineering “V”

Requirements and Design
What do | want?
How can | do it?

Integration & Verification
Let’s put it together

Does it do what | wanted it to
do?
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Systems Engineering
“Engine”

NASA's Systems Engineering
Handbook

It really is rocket science

Use the numbering system to
navigate

Key takeaways
Systems engineering is a
combination of analysis,

synthesis, and management
processes

Program and project definition
are iterative

Recognize \
' /
need/ » /
p /../’

opportunity

Perform
mission

|dentify and
quantify goals

Identify and
quantify goals

Identify and
quantify goals

Identify and
quantify goals




Implementation

and Fabrication

code software. Generate final designs for each system structure end
product.

Pre-Phase A To produce a broad spectrum of ideas and alternatives for missions Feasible system concepts
Concept from which new programs/projects can be selected. Determine feasi- | in the form of simulations,
Studies bility of desired system, develop mission concepts, draft system-level | analysis, study reports,
requirements, identify potential technology needs. models, and mockups
- Phase A To determine the feasibility and desirability of a suggested new major | System concept definition
S | Concept and system and establish an initial baseline compatibility with NASA's stra- | in the form of simulations,
LE Technology tegic plans. Develop final mission concept, system-level requirements, | analysis, engineering
£ | Development | and needed system structure technology developments. models, and mockups and
S trade study definition
Phase B To define the project in enough detail to establish an initial baseline | End products in the form
Preliminary capable of meeting mission needs. Develop system structure end of mockups, trade study
Design and product (and enabling product) requirements and generate a prelimi- | results, specification and
Technology nary design for each system structure end product. interface documents, and
Completion prototypes
Phase C To complete the detailed design of the system (and its associated End product detailed
Final Design subsystems, including its operations systems), fabricate hardware, and | designs, end product

component fabrication,
and software development

Phase D To assemble and integrate the products to create the system, mean- | Operations-ready system
System while developing confidence that it will be able to meet the system end product with sup-
Assembly, requirements. Launch and prepare for operations. Perform system porting related enabling
Integration and | end product implementation, assembly, integration and test, and products

Test, Launch transition to use.

Phase E To conduct the mission and meet the initially identified need and Desired system

Operations and
Sustainment

maintain support for that need. Implement the mission operations
plan.

Phase F
Closeout

To implement the systems decommissioning/disposal plan developed
in Phase E and perform analyses of the returned data and any
returned samples.

Product closeout




.- A Bold Vision for Space Exploration,
Th e Vision Zﬁm Authorized by Congress
+ Complete the International Space Station

. Safely fly the Space Shuttle until 2010

What . Develop and fly the Crew Exploration Vehicle
When (Orion) no later than 2014

+ Return to the Moon no later than 2020
Where . Extend human presence across the solar system

R £ 4 g and beyond
ange of detal + Implement a sustained and affordable human and

robotic program

+ Develop supporting innovative technologies,
knowledge, and infrastructures

. Promote international and commercial participation
in exploration

L.
.f'.,




First Steps in
Defining a Program
or Project

Establish Needs, Goals, Objectives &
Constraints

Needs — What we want to do: our Mission
Goals — Strategies for accomplishing : | Y 2\ L.
Objectives — Tactics for accomplishing the goal G e—

Constraints — The boundaries (cost, schedule,
political, etc.)

CNRGETRY

lllustration by Pat Rawlings © NASA



Transforming
the Vision into
a Mission
Statement

Advance US scientific, security and
economic interests through a robust
space exploration program

Expand human presence across the
Solar System

Conduct advanced searches for
carth like planets and habitable
environments around other stars

Promote intra-agency, international,
commercial and public participation
in exploration to further US scientific,
security and economic interests

lllustration by Pat Rawlings © NASA



Advance U.S. scientific, security, and
economic interests through a robust
space exploration program.

u Extend the human presence Conduct Promote intra-agency,
& . across the solar system advanced inter-agency, intamational,
searches for commercial and public
Earth like planets participation in exploraticn to
Establish the capability for consistent Establish a Develop the innovative and habitable further U S scientific
] n access to and stewardship of the capability to conduct technologies. environments security, and economic
: ; . . »Fegion between the Earth and Moon human expeditions knowledge, and around other . . interests
beyond Earth-Moon infrastructures to support ., Stars,
e C I f I C S »a . .Space decisions about the Pursue opportunities for
I Develop z safe, affordable Develop sustainable and destinations for human . . international partic pation |
and sustainable exploration extensible permanent Conduct robotic exploration and to
transportation system to human presence cn the exploration of facilitate those Complete assembly of the
support human exploration in Moon for commarcial Mars in support = . »exploration missions - International Space Station
- Earth-Mocn space. . national pre-eminence and of human by the end of this
scientific purposes leading expeditions to Conduct = decade (goal)
Retire the Space Shuttle by the to future exploration of s Mars International Space -
end of FY2010 or as scon as - Mars and beyond x ] Station research Pocusisecl the Space
assembly of the Intemational Conduct activities with direct Shuttle to complete
Space Station is completed Starting no later than human application to assembly of the
. {whichever comes first) 2008, initiate a series missions to human exploration International Space
D r- [ n r [ r m nt th k : of robotic precursor ®aiMars =, of the solar systam . w Station
IVI g eq U I e e a e e ey Develop an exploration = ., Missions tc the Moon Develop and Return the Space Shuttle to flight as soon
transportation system that demonstrate key as practical, based on the
. . . will be able to support an Develop and establish a capabilities required recommendations of the Columbia Accident
Start with the Mission Statement e Suica o s moon 0 o e = Investgaton Boae
-a later than 2020 - distant; morecepavle Conduct International

and/or longer duration

S t t n
Hianand ot Space Station actvities |

Investigate/develop

H H H Launch as close to 2010 as use of in-situ resources exploration of Mars a manner consistent with
B re ak It d OWn I nto Iog Ical g ro u ps possible (minimize gap with for sustaining long term and other us ob!xganors to the
»a shuttle retirement) human exploration destinations wInternational Partners.
. activities Iy
Provide substantial increase in . ursue opportunities for

Drill down in detail s TNy S S e o

lunar exploration activities

as a precursor to Mars *a .uMars
Separate to the maximum = , exploration missions. Pursue commercial
H practical extent crew from =, opportunities
Focus on the pieces that are yours e O e
launching exploration missions activities to further Separate to the maximum practical extent crew from
»a  beyond low Earth orbit faa Science cargo transportation to the Intemational Space
Develop a lunar-capable crew Pursue effective transition iom
exploration vehicle to provide crew and extensibility of lunar Acquire cargo transportation as soon as practical
transportation from the Earth's exploration architecture to and affordable to support missions to and from
surface to conduct missions in » . applications for Mars = , the International Space Station
Fari Moot space,ahd v and Acquire crew transportation to and from the
ifees cargo transfer to ISS. International Space Station, as required, after the
Develop a crew launch vehicle » . Space Shuttle is retired from service
to provide transportation from Enable ‘on-ramps' for emerging commercial service
the Earth's surface to Low = . . providers both in LEO and at the Moon
. Earth Orbit

Pursue interagency
Develop a lunar surface access & . collaboration opportunities

capability to provide crew and

cargo transportation to the ::I::L;ranon
N Lunar surface.
E = with DOD
Dav_elop & heavy lift launch » Pursue collaboration with NSF
capability to support the launch
of non-crew exploration » Pursue collaboration with DOE
- elements.

Pursue collaboration with FAA

Preserve the capability to launch = Pursue collaboration with DHS

lunar missions in a single launch » ».a Pursue collaboration with DOC

Develop the ground infrastructure

= Pursue collaboration with NIH
required to suppert pre-launch, launch

and recovery of program elements v . » Pursue collaboration with ...
Develop flight operations Pursue intra-agency
infrastructure appropriate to support »& s collaboration opportunities

mission execution o
+.» Transition Contrel Board

v » Program Management Council
»a . » Strategic Management Counci

Communicate relevance of
=, . .exploration to national needs




Teasing out the
Specifics

Driving requirements are the key
Start with the Mission Statement
Break it down into logical groups
Drill down in detail

Focus on the pieces that are yours

Constellation Program

Need, Goals and Objectives
8 Feb 2005 First Draft

Need Statement: Develop a safe, affordable and
sustainable exploration transportation system to
support human exploration of the solar system

Goals and Objectives

1 Develop an exploration transportation system that
will be able to support an extended human mission to
the surface of the moon no later than 2020.

1.1 Launch as close to 2010 as possible (minimize gap
with shuttle retirement).

1.2 Provide a substantial increase in safety and reliability
of the overall system.

1.2.1 Separate to the maximum practical extent crew from
cargo transportation for launching exploration
missions beyond low Earth orbit.

1.2.2 Provide a substantial increase in safety and
reliability of the launch and landing phases of
mission operations.

2 Develop a lunar-capable crew exploration vehicle to
provide crew transportation from the Earth's surface
to conduct missions in Earth-Moon space, and crew
and cargo transfer to I1SS.

Develop a crew launch vehicle to provide
transportation from the Earth's surface to Low Earth
Orbit

Develop a lunar surface access capability to provide

Develop a heavy lift launch capability to support the
launch of non-crew exploration elements.

5.1 Preserve the capability to launch lunar missions in a
single launch

Develop the ground infrastructure required to
support pre-launch, launch and recovery of program
elements

Develop flight operations infrastructure appropriate
to support mission execution

Make systems sustainable and maintainable

8.1 Provide documentation of sufficient detail to perform
upgrades, replacements

8.2 Provide demonstrable progress (e.g. flight tests,
demos, accumuiation of infrastructure and capability)

8.3 Effectively utilize all 10 NASA center resources and
workforce

8.4 Effectively communicate the benefits of exploration to
the public and key stakeholders

8.5 Minimize the operations and maintenance burden during
mission execution

9 Make systems affordable
9.1 Design for simplicity and robustness
9.2 Provide early and constant attention to lifecycle costs

9.3 Use existing technology to reduce schedule risk as
feasible




DRMs and
Ops Cons
(aka ConOps)

Needed to round out the
program/project assumptions

DRMs provide the top level
design concept

Help identify the major
functions and elements
required to execute the
mission

Determine many of the
constraints

Operational Concepts then
define the specifics

Vehicles are not to scale. ' '

q-r".:I; e Ascent Stage
100 km LSAM Performs LOI B .» @~ Expended
Low Lunar
Orbit lh- h
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DRMs and
Ops Cons
(aka ConOps)

Needed to round out the
program/project assumptions

DRMs provide the top level
design concept

Help identify the major functions
and elements required to
execute the mission

Determine many of the
constraints

Operational Concepts then
define the specifics

Requirements flow from both

Exploration Architecture Requirements

ConOps, DRMs (Human and Robotic)

Program Requirements

Element Requirements



NASA
Approach

Structure to execute the
Vision

Constellation Program- one
piece of a larger puzzle

ESMD Mission
Implementation Plan

Strategy for implementing ESMD's
'|_responsibilities of the vision

Definition of Exploration

: Architecture

Intra-Agency Collaboration Strategies

Robotic Lunar Exploration Program Charter \\-V-

| Program Charter

Qverview of ESMD roles and
‘ responsibiliies

{ Priman

Crew Exploration Vehicle Project Plan

P il Exploration Launch Vehicle Project Plan Craylatneh Mencle

Cargo Launch Vehicle

f :
Constellation Program Charter L Constellation RrogramFlan

\ Lunar Lander Project Plan

Ground Operations Project Plan

- Mission Operations Project Plan

\‘\-- 3 .-,/i

Subtopic
RLEP 2 Lander

Commercial Crew and Cargo { Commercial Crew Project }

Commercial Crew and Cargo Program Plan
Comrrercial Cargo Project

e st i etk )

—— ——

Exploration Research and Technology

Program Charter ‘ _Exploration Systems Research Project Plan _

Sa—— etc

—————
e T —

o Human Research Project Plan 1
| Exploration Research and Technology Program Flan [
[ ]

Support of SOMD-led ohjectives
| Support of SMD-led objectives

Support of AR&D-led objectives
' Coordination of budget
| Forum for cross-agency coordination Coordination of schedule
Coordination of institutional needs
Coordination of technical content




NASA
Approach

Structure to execute the
Vision

Constellation Program- one
piece of a larger puzzle

Other programs in parallel

Qverview of ESMD roles and
. - responsibilities
Strategy for implementing ESMD's | P

/" responsibilities of the vision ‘ | Primary themes of implementation strategy

e Crew Exploration Vehicle Project Plan

- Exploration Launch Vehicle Project Plan Craylatneh Mencle

{ Constellation Program Plan

Constellation Program Charter | Lunar Lander Project Plan

|

Cargo Launch Vehicle i

Ground Operations Project Plan i
]

- Mission Operations Project Plan

e i

e R
e e

Lunar Reconnaissance Crhiter

( Robotic Lunar Exploration Program Plan Subtopic

RLEP 2 Lander

obotic Lunar Exploration Program Charter

Definition of Explorati
: Architecture

——————
————
——

ESMD Mission
Implementation Plan

Commercal Crew and Cargo f

: Commercial Crew and Cargo Program Plan Commercial Crew Project }
| Program Charter - ; :
Comrrercial Cargo Project

e st i etk )

e e e B

Exploration Research and Technology
Program Charter

S Human Research Project Plan
| Exploration Research and Technology Program Plan Exploration Systems Research Project
¥ gt (e Anion 5] L2

Sa—— etc

—————
e T —

Support of SOV
| Support of SMD-led objectives
Support of AR&D-led objectives

Coordination of budget

Intra-Agency Collaboration Strategies
| Forum for cross-agency coordination Coordination of schedule

Coordination of institutional needs
Coordination of technical content




From NGOs to
Requirements

Summary of Document Approach

What

Who Why

When

MDR SRR SDR PDR CDR
* Objectives, Program i
Level 0 Au{hority ! A Administrator ;E(;taphshs ; F
. s Level 0 Exploration Program + Cost Schedule P AAESHD iSsion basis
Each level of management owns their (Administrator) Requirements Commitment Techinical miestones S
. (SA-0001) Agreement * Agreements with other
level of requirements | ] proais
: *:2yogrem Otiscives, A AAESMD Establish
1 1Nl 1 Explorati resources and controls "
The President/Administrator is Level O Level 1 b cinciood . orce o b EsASPmOfc  scopesnd B | F
(ESMD AA) * Key Performance regts, authority of
program
: I schedule milestones
NASA HQ AAis Level 1 [ [ [ |
pCE,Vt . Lv . e E’;ploration + Integrated performance
. . rojec rojec rojec rogram & cdodna d :
Plan Plan Plan Requirements S o e A Pgm Ofc Estab_llsh D B F
rogl’am ICe IS Leve of procured Systems and P ESAS=Pgm OfcSEl functional
l Interfaces between major wi/ supt fromProject  baseline and
Project Office is Level 3 (Pgm Offce) | | Estabion stopeand Sy e
gm Office A * LSiabiSh Scope an projects for
J Ground Flight Surface IRDs authority of projects acouisition
Segment Segment Segmen
Contractor End Item Specs
Level 3 1 : :
1 1 : * System Functions & A NASA Project Establish
Translate NASA requirements into (Project Office) iRl Noisice et D BIE U
i i . procurement P Project SEI w/spt requirements
something that can be built cevsr || CrewLaunch s Pact Sl W
ehicle SRD
Contractor * System & Element A NASA Project Establish
End Item Functiens, Manager Design D B F U
System CEV Contract CrLV Contract Performance & Design P Contractor Baseline
End item End item Specifications
Specifications Spec Spec
PgM Program Manager A Approved By D Draft
PjM  Project Manager P Prepared By B Initial Baseline
F Final

U Update



I ‘ V ‘ | O / I Nasonal Awonausics snd Space Administation

Directorate Integration Office

Requirements

Top level, sweeping requirements 4 EXPLORATION ARCHITECTURE REQUIREMENTS
. . x-0001] The Exploration Architecture shall deliver crew and cargo to the and return
Agency controlled detailed requirements afely to Earth,

Rationale: Establishes the top-level Architecture requirement for missions to safely
ferry crews between the Earth and the 1SS, as well as providing a capability to
ferry cargo toffrom the ISS. Planned |rr|p|emt=r1t'3t|0|| approaches are commercial
service providers and Constellation Systems. S rgo return may require
conditioning, such as cold stowage or vacuum seal. Some cargo may need to be
deployed or released. (See glossary for definition of cargo.)

TABLE 4-1 - EXPLORATION MISSION RELIABILITY [Ex '] The Exploration Architecture shall deliver crew and cargo to the lunar surface

Earth Ascent and return them safely to Earth.

S l .- . . .
ST DTED Rationale: Establishes the top-level Architecture requirement for lunar crewed
mission to safely ferry crews between the Earth and the lunar surface, as well as

270 141000 141000 providing a a:ap:jbilit},r‘ to ferry cargo toffrom the lunar surface. Some cargo return
may require conditioning, such as cold stowage or vacuum seal. (See glossary for
1noo 1/1000 111000 definition of cargo.)
A oy 4 i

111000

) 3] The Exploration Architecture shall provide the capability to establish and
support a permanent habitable outpost on the lunar surface.

Rationale: Required to achieve goal to "Develop the capability for a sustainable

and extensible permanent human presence on the Moon for commercial, national

pre-eminence and scientific purposes leading to future exploration of Mars and

beyond." The specific outpost site selection criteria will be developed and

documented in a separate (TBD-EARD-006) Headquarters {HQ)-controlled

document, as was done during Apollo. The intent of the requirement is for the

capability to place an outpost at any longitude/latitude on the lunar surface, but not =
necessarily in every environment such as permanently-shadowed craters and i S
significanthy-inclined slopes. |



Level 2 Requirements $

Decompose the Level 1 requirements

Define the major elements and interfaces

BASELINE
RELEASE DATE: DECEMBER 21, 2006

Define the overarching functional and performance | | CHITECTURE

requirements

Constallation ‘ JMENT (CARD)
Architecture

‘ | ‘_ S 1
Ground Resource
\ | - .
CLv Systems ‘ Utilization :
O

Draft [CA0022-PO] The Constellation Architecture shall perform lunar surface EVAs
with one, two, three, and four crewmembers.

Applicable Design Reference Missions: Lunar Sortie Crew,Lunar Outpost Crew

Rationale: This requirement is meant to size systems, not to suggest operational
approaches. It provides the ability to send any number of crewmembers out EVA
with the remainder of the crew residing inside a habitable shirt-sleeve environment.

[CA0046-PO] The Constellation Architecture shall conduct Lunar Sortie missions so
that surface stays are conducted during periods of lunar daylight.

Applicable Design Reference Missions: Lunar Sortie Crew

Rationale: Initial Lunar Sortie missions will have operational lighting constraints that
will drive injection window frequency, launch scrub turnaround, and element on-orbit
lifetime requirements. Crew productivity during Lunar Sortie mission surface stays
will be maximized during lunar daylight. Consequently, sufficient ambient light for
surface activities must be present. Further, daylight conditions also aid accurate



Level 2 Requirements

[CA0056-PO] Orion shall return the crew and cargo from Lunar Rendezvous Orbit
(LRO) to the Earth surface.

Applicable Design Reference Missions: Lunar Sortie Crew,Lunar Outpost Cargo,Lunar

Decompose the Level 1 requirements Outpost Crew
: i ; Rationale: CxP 70007, Constellation Design Reference Missions and Operational
Detine the major elements and interfaces Concepts, indicates that Orion is the Constellation system that will return the crew

Define the overarching functional and performance and cargo to the Earth surface. Orion includes the propulsion system and propellant
requiremen ts to perform the TEI from LRO and any subsequent trajectory correction maneuvers.

Orion includes the heat shield needed for reentering the Earth's atmosphere and the

Enough detail to be able to allocate requirements landing systems needed for return to the Earth surface.

to Level 3 elements [CA5312-PO] Orion shall deliver the crew and cargo from the Earth surface to the ISS.
Applicable Design Reference Missions: ISS Crew

Rationale: The requirement is consistent with CxP 70007, Constellation Design
Reference Missions and Operational Concepts, which indicates that Orion is the
Constellation System designated to deliver the crew and cargo to the ISS. Orion
design must provide for safe launch, free flight, rendezvous, proximity operations,
docking and other joint operations with the ISS. Qrion is required to provide a
capability to deliver active and passive cargoes in the pressurized cabin environment
and the unpressurized section. The amount of either type of cargo will be
determined on a per mission basis. For unpressurized cargo, the ISS Control
Moment Gyroscope (CMG) is the benchmark for mass, volume, dimensions, and

gaejile /




Level 3 Requirements

Orion Hatch - EVA Crew Ingress

Rinse and repeat

Focus is on enabling a contract

Detail depends on contracting approach
Orion — standard government contract

Commercial Crew — higher level




Writing “Good” —

Appendix C: How to Write a Good Requirement Requirements Validation Checklist

Requirements

Use of Correct Terms
® Shall = requirement o the requir
multiple requi

the requiremen

Editorial Checklist Completeness

Systems Engineering Handbook personnel Requement
Appendix C

istent with t
Is the termi tently used th
Are the key Juded in t

Traceability

e all require
The requirement i correct. a needed functi
The requirement is fre i ctuat BT ment.
The require
The require
The us
and marl

ions must be confirmed before th €l 1 be baselined.

ey -




Outline

The Ups and Downs of Presidential Administrations
How This Translates into Program Planning

A Brief Primer on Writing Requirements



A Definition

re-quire-ment
[re kwi(a)rmant]

NOUN

a thing that is needed or wanted:
"choose the type of window that suits your
requirements best"

a thing that is compulsory; a necessary
condition:

"applicants must satisfy the normal entry
requirements”




How NASA Uses
Requirements

* Policy Documents
* Process

= Statements of Work
* Tasks

* Program/Project Documents
* Define what the govt wants

» Standards
* Best practice

* End Item Specifications




Terminology

» Shall = requirement — binding

= WIill = facts or declaration of
purpose

» Should = goal — not mandatory



Characteristics

* Must be VERIFIABLE

* The provider can show concrete
evidence that the requirement has
been met

" |s Clear
°* One thought
* Unambiguous

» Stated Positively
* Shall vs shall not




Exercise

The lander shall provide adequate
design margin to accommodate a range
of conditions.

The rover shall carry up to 6 crew.

The docking hatch shall be sized to
sufficiently accommodate large
crewmembers unless otherwise
authorized.

* What’s Wrong?




