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“System of Systems” — Spiral Develop
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« NASA ESMD Deputy AA, Development Programs
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Constellation Systems -
Approach to Spiral Development

Garry Lyles
Director, Constellation Systems

1st Space Exploration Conference
1 February 2005
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1\53?@ Management Practices and Processes

¢Use of “system of systems” approach;

*“Implementation of the exploration vision entails stitching
together thousands of discrete components and interdependent

tasks into a single ‘system-of-systems’.

¢ Policies of spiral, evolutionary development;

* “The key to this concept is to establish
realistic, integrated technology development
plans that will achieve early performance
capabilities and allow new technologies to
be ‘spun’ into the program when they are
mature enough to do so - thus improving
performance and capability in cycles.”
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LY Constellation Definition

* Develop, demonstrate, and deploy successive generations of
capabilities to enable the sustained human and robotic

exploration of the Moon, Mars, and beyond.

* Developed capability will form a system-of-systems that includes:

e Crew Transportation Systems ~ ~
- Crew Exploration Vehicle (CEV)
- Crew Launch Vehicle (CLV) > Spiral 1

- Crewed
Access to
Low Earth
Orbit

-Robotic
Exploration,
Lunar

(2008-2014)

e Ground Support Systems (GSS)
* In-Space Support Systems (ISSS)

e Space Transportation Systems

 Human System Support
» Destination Surface Systems
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LELEY Summary - One Step at a Time

¢ Spiral development enables affordable, sustainable
solutions

e Focused on successive steps toward a system of systems

e Paced by experience, technology readiness and flexibility
» Driven by requirements
« Responsive to innovative acquisition strategies
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Exploration Sysit

John C. Mankins

Manager, Exploration Systems
Research & Technology
February 1, 2005
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Exploration Systems Research & Technolog

ESR&T is a strategic, requirements-driven
iInvestment that enables future exploration
systems and missions that are more affordable,
reliable, effective and flexible

ESR&T investments range from lower
technology readiness level (TRL) R&D
projects for the mid- to far- term through the
Advanced Space Technology Program, to
higher TRL projects for the near- to mid-
term through the Technology Maturation
Program, as well as cross-cutting efforts to
engage universities, small business and the
entrepreneurial community through the
Innovative Partnerships Program

ESR&T projects support future ESMD
‘system development spirals’ by delivering
timely data to inform systems decisions based
on R&D results and validated, high-leverage
new technologies incorporated into future

system developments y



Exploration Systems Research & Techn
Investment “Balance” - 2 Views

H&RT Strategic / <\
Focus: /
TIMEFRAME — N m
By which Technolo Next 3 ex
. Must be Provegr?; vears vears m\
Years 15+ Years

Timeframe
(When Maturity Must be “Proven”)

H&RT Strategic S tormof
Focus: IMPACT / Systoms
(of the Technology — Level
Expected to be Seen Sub-system | (Architecture)
i ieqi Level
in Missions/Systems) oSS
Level|

Scale of Impact
(What Influence Will the Technology Have, if “Proven”)
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Affordable

Systems & Operations

Missions)

(Development, Ownership,

Exploration Systems Research & Technology
Strategic Technical Challenges

Sustainable
Vision for Space
Exploration

Reliable/Safe
Systems & Operations
“ASARA”

Effective
Missions & Systems

Flexible
Robust in terms of
Policy, Adaptive to
Events

-~

~

Margins and . Energy-Rich In-Space
Redundancy ity Systems and Missions Assembly
Autonomy Reusability Data-Rich Virtual Re-configurability

Presence

(H/W, S/W, Systems)

Human Presence in
Deep Space
(as safe as reasonably
achievable)

Robotic Networks

Space Resources
Utilization

Affordable Logistics
Pre-Positioning

Cost-Effective Science
Mission Achievements

Precise/ Repeatable
Surface Target Access

Affordable Launch of
Cargo to LEO

Safe and Affordable
Crew Space Access
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Vision / Policy

Exploration that is...
Sustainable,

340)

Studies, Technology
Needs, etc.

Exploration Systems Research & Technology
Traceability

ESR&T

Affordable & satisfies N
specific Nat'l Goals & ¢ PErig/lrgr}]Lne]\éﬁlc
Constraints STCs* Goals & Objectives ESR&T

ﬁ

Vision-Level

‘Grand
Challenges’™*

(Strategic Technical Challenges)
Margins & Redundancy
Autonomy
Human Presence in Deep

(Constraints, Spirals,
Roles vis-a-vis other

Already-

Selected

Programs, etc.)

Projects

— Space (ASARA) Included
Affordability Affordable Pre-Positioning Aflc uaed as
S o ppendix in
Reliability/Safety of Logistics 29 July 2004
Effectiveness Enefgy-R'\i/ﬁgsﬁjyrfstemS and H&RT
Flexibility I Formulation Plan
Reusability Gaps
L5 Modularity Highlighted
In-Space Assembly
Re-configurability Y Y \ 4
Robotic Networks
Past Space Resources ESR&T
Studies > Utilization Program(s)
(DPT, NEXT, Data-Rich Virtual > Advanced Space Selected
ASO, etc.) Environment Technology Program Projects
Access to Surface Targets Technology
Safe Crew Access to Maturation Program
Space .
Innovative

Affordable Cargo Launch

L >

Partnerships
Program

Solicitations
and Planning

*Presented in the H&RT Formulation Plan

) . . . H&RT Formulation Plan
(1 April 2004, Version 1.0 and updated in later versions)

29 July 2004 Version
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ESR&T Coverage
ESMD RQ ldentified Technology Needs

ASTP TMP IPP

Advar.lced Jﬂ‘l\:l:l::t;rr'icael|sj Cﬂmmnusmcatlﬂ Software, Power, High Energy Space Space Ilal:::tratzrr': In-Space

Studies, and Compu,ting Intelligent Propulsiun & o Platforms and D Surface Technolo IPP Summary

Concepts Structural Elec‘lronics:& Systems & Chemical Technology Systems Technolo Operations Ex erimergllt!; (SBIR, STIR, TTA,

And Tools | el o Modeling Systems b Technology | '}, il B e iy URETIs, RPC's)

Program™ P giny Program Program rogram Program rogram echnology rogram

Program Program Program
Requirement Division
Identified Technologies
Human Support
Radiation Protection v _ _ v v
hledical Care v v v
Life Support System Closure v v v
Hurnan -Systern Design v v v
In-Space Transportation
Advanced Chemical Propulsion v v v
Electric Propulsion v v v
Muclear Thermal Propulsion v v v
Cryogenic Fluid Management v v v
Aeroassist v v v
Automated Rendezvous and Docking v v v
Power
Power Generation (Solar) v v v
Power Generation (Muclear) v v v
Wlobile Power (Advanced Batteries) v v v
hobile Power (Fuel Cells) v v v
Wlobile Power (Radioisotopes) v v v
Energy Storage v v v
Power Distribution v v v
Miscellaneous and Crosscutting
Technologies

Sensors and Instruments v v v
In-Situ Resource Utilization v v v
Advanced Materials v v v
Thermal Management v v v
Advanced Hahitation v v v
Advanced Evia v v ¥
Robatic Hurnan Support v v v
On-Board Computing v v v
Simulation-based Design and Analysis v ¥
Communications v v v
Supportahility v ¥ ¥
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JOINT STRIKE FIGHTER
PROGRAM BRIEF

1 February 2005
Rear Admiral Steven L. Enewold, USN
Program Executive Officer, Joint Strike Fighter Program

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



VISION

DELIVER AND SUSTAIN
THE MOST ADVANCED, AFFORDABLE
STRIKE FIGHTER AIRCRAFT
TO PROTECT
FUTURE GENERATIONS WORLDWIDE.

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



What Is JSF?

The next generation “family” of
strike fighters

 F-16/F/A-18C “like” aero performance
« Stealth Signature and Countermeasures

* Advanced avionics, data links and
adverse weather precision targeting

* Increased range with internal fuel and
weapons

* Highly supportable, state of the art
prognostics and health management

Lethal Survivable Supportable Affordable

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



JSF Family Of Aircraft
(F-35 A/B/C)

Conventional Take-Off
and Landing

(CTOL) F-35A

Carrier Variant
(CV) F-35C

All variants Roll Nozzle

*450-600 nm Range _

*1.6 Max Mach (Limit) Lift Fan
*Stealthy

«Same Weapons

*Similar Avionics 3-Bearing

*Similar Flight Envelope / Swivel
*Same Basic Engines Duct

Short Take-Off
Vertical Landing

(STOVL) F-35B

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



Service & International Needs

Netherlands

Norwa
Canada UK: 150 Y
Denmark
United States
USAF: 1,763
DoN: 680
Italy Turkey

Australia

e USAF: Multi-role (primary air-to-ground) fighter to replace F-16 & A-10 & to complement F/A-22
e USMC: Multi-role, short takeoff, vertical landing strike fighter to replace AV-8B & F/A-18C/D

* USN: Multi-role strike fighter to complement the F/A-18E/F

* UK (RN and RAF): Supersonic replacement for Sea Harrier and GR-7

2,593 US/UK JSFs > 2. 000 International JSFs

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.




JSF Warfighter Capability Highlights

* Cooperative Ops
* Full Off-Board Connectivity

a g O L%

i
s

N
- -

« All Around Situation
Awareness

* Multi-Function AESA

* Passive Precision Emitter
Location and Targeting

* EO

Targeting

* Versatile
Weapons
Capability

* Fused, Coherent Common
Operational Picture

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



JSF Top-Level SDD Program Schedule

-

Air System AS AS CDR 1 (CTOL) *'OC‘ UsSmC
Program PDR | A
Evegnts AS CDR 2 (STOVL) * oqus
* IOC USN
A\ Ascbr3 (Vv
CTOL FF*
CTOL (Opt)
First Flights (FF) STOVL FF
cv FF*
Blk 0 DT&E [
Bk 1DT&E |
[Developmental & | BKk2DT&E | gree |
Operational Blk 3 DT&E
Flight Test b1 Gomalete
OT Complete
FRP
DAB Program 00 % O O ¢ % o 9 o DAB
Review (DPRs) da

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



JSF Spiral Development Strategy

Block 0.1 — Support First Flight / Flight Test Objectives

Basic functions to Get the Aircraft Flying = “Block 0”

Block 0.5 — Initial MS Architecture & Sensor Infrastructure

Supports 7
Flight Mission systems infrastructure Build supporting sensor and
PEIETITENES architecture development
Aircraft
Block 1 — Initial Warfighting Capability
Initial MS Tactical Flight_qualified, baselir_1e air-to-air a_no_l air-to-ground weapons
Sensors Integration qualified. Pilot and maintenance training can commence.
“Avionics FF(A3)” ] o
Initial Weapons Block 2 — Close Air Support and Interdiction
Testing Qualifies additional air-to-air and air-to-ground
weapons. Services can start planning deployments
and staffing operational units.
HBULK ol Lk } Block 3 — Suppression of Enemy Air
M Boarg Defenses Qualifies additional a/a & a/g
weapons for use. Service Initial Operational
Capabilities are achievable.
Primarily Software Spila] D
Updates with Added evelopm
Weapons €,
ntP’OCess

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



Requirements Management

JIRDmp JORD mm) Changes

Joint Specification msp PSCN

N

Requirements Working Group

GOODS OTHER

Documented Rationale . Overused Term
Decision Delegation :

. .  Cost As Independent Variable
Operational Advisory Group P

Joint Requirements Review “Pet Rocks™ and Priorities
Team . Slow Process

Configuration Management

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



Block Plan Spiral Approach

* Phase approach to Block development and Capability Freeze

— Operational Capability Assessments refine block requirements through ops analysis and
using warfighter input

— Current program execution defines development capacity for each upcoming block

— Incremental Capability Releases towards end of block development take advantage of
proven (stable, verified, certified) capabilities to support stakeholder needs

« Capability Freeze Defines Block Scope Prior To Start Of Block Lifecycle

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



OAG Mission - Capabilities
Rank Order Consensus

Columns
Sorted by OAG
Mission
Importance

OAG Missions

Blue Background =
In the OAG’s top
third for that
mission column

White Background=In
the OAG’s middle third
for that mission

<

column

Tl _ Yellow Background =
il R In the OAG’s bottom
= third for that mission

Z/ column




Block Based Annex C
Scenario Utility Relationships

B ORD ORD
ORD Annex C Aérlme:((g Aérlmel):g(,:

Block 1 Scenario oc oc
Scenario Scenario

Radar ( A\ \{_A_\ fL\

Subsystem : ,?a-**
-"“'4’ a-“"ﬁ.-""l“p'" - -"'"H
’ L i e e >
A D B | i _,_m“j:“f-ﬂﬁﬁf;i' i;;ﬂ:}_':d%v*fﬂ' fﬁﬁ m'____.-'_-'
e Block o 2/0 3

Capability o
Reinforcement Block 1 Capabilities that
Radar Feed-Back Lanes contribute to Annex C
Data Acq Function Functional Blk 2 & 3 Needs
& Ownship Sensor Capabilities {Early Cap for Blk 1 birds}

Architecture Domain
DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



Governance

Fokok ok kK KK KK Sokok Hokokok
‘\ ‘\ Configuration Steering Board ) ) Service Acquisition Executives
= C T 1 D P rog Fram — AT& L ASN(RDA) SAF/IAQ  ACC Chief Executive S
N7,N78 ~ DC/AVN UK MOD Officer Conference ASN(RDA)
CNAF PARTNERS ASC/NAVAIR SAF/IAQ

« SAE / PEO Reporting -

[k

JSF Director
Deputy Director
Technical Director

Executive Committee
(JPO/Partners)

 |International Partners

KKK

° Flag Level AdViSO ry Groups Senior War Fighter Group

[1 per Service]

(SMO-JSF, DC/AVN, ACC, XOR == == === === === ] .

CNAF, N78, International Autonomic Logistics */ \4 ‘}{
Partners) 4 Advisory Council ALY

0 L Integrated Test |
Operational Advisory Group | %~ For%:e EXCOM skl %
ACC, HQMC, CFFC, UK MOD Program [

Office Interoperability | _{_
Advisory Group 7(/ ZaY 'k

GOODS OTHERS

* Trust & Equities  Competing Interests
» Collaborative Leadership . “Direction”

* Lots of Help

» Direct Access

o Stability

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



Management Tools

Worldwide Team Connectivity

Earned Value

Digital Data Libraries

Risk and KSDI

Commercial S/W Tools

“Linked” Integrated Scheduling (with Critical Path)

GOODS OTHERS

 Master Data « Data Management/ Entry
* Engineering Environment  Real Time Metrics

« Configuration Management « S/W Versions

Real time Metrics e Access

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



Management Tools
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Future ... with F-35

*--35 Creates Truly
Global, Highly
Effective
Fighter Force

* Coalition Package Able
to Tackle Heavily
Defended Targets

* Closes Aerospace
“Capability Gap”

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



WORKING TO AFFORDABLY MEET THE
REQUIREMENTS OF THE WARFIGHTER
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1st Space Exploration Conference:
Continuing the Voyage of Discovery

John W. Douglass
AlA President & CEO
February 1, 2005




The Aerospace Industry Today

Economy...

Security...

Terrorism...

The crisis continues...

But a vision emerges...




Program Management

« NASA'’s long-term programs must
be executed In a way that leads to
program continuity

e Phasing of programs critical

o Gap between Space Shuttle and
Project Constellation (CEV)




DoD Fixed Wing Combat Aircraft Programs
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R&D Scientists & Engineers Employment

In Aerospace and as % of all Industries
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Educational Support

National plan for educational support
- State & local-based education system

- No industrial planning for aerospace
sectors

The Aerospace Commission of the Future of
the U.S. Aerospace Industry recommended:

“the nation immediately reversed the decline
In, and promote the growth of, a
scientifically and technologically trained
U.S. aerospace workforce.”

“Feast or Famine”




Model of the Future

 Joint Planning & Development Office
development of the next-generation air
traffic control system

- Cross agency/department
development of a complex system

- Aerospace Commission
recommendation

The Joint Program Model for Space
may be the way ahead
for Space Exploration




Conclusion

 America’s space industrial base has
declined at a time when the global
Industrial base has broadened.

« Cooperation in space can lead to
better programs for all concerned.

e The Space Industrial base must
have continuity.




BACK UP — Jim Nehman



Evolutionary Acquisition

« Spiral Development: The end-state requirements are
not known at program initiation. Those requirements are
refined through system development and demonstration,

risk management and continuous user feedback

* Incremental Development: The end-state requirement is
known, and that requirement is met over time by
developing several increments, each dependent on

available mature technology and resources
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Exploration Systems Development Prc

Development Programs /

Program Executive Officer (PEO)
J. Nehman

Deputy: M. Borkowski

Hubble
Service
Mission

Exploration Systems Human Systems Prometheus Nuclear Constellation
Research & Technology Research & Technology Systems & Technology Systems
John Mankins Gene Trinh Ray Taylor Garry Lyles
Advanced Space Human Health Advanced Systems CEV
Technology & Performance & Technolo
gy Space Trans
Technology Lite Support Prometheus1: Jupiter Systems
Maturation & Habitation ' :
lcy Moons Orbiter Supporting
Innovative Human-Machine Surface Systems
Partnerships Integration Supporting
In-space Systems
Capability Development Transition
Programs!

Research & Technology Development

Note 1: X-37, Orbital Express, DART, PAD, NGLT

46



BACK UP CHARTS - John Mankins



Key Elements of the Nation’s Vision

¢ Objectives

Implement a sustained and affordable human and robotic program
Extend human presence across the solar system and beyond
Develop supporting innovative technologies, knowledge, and infrastructures

Promote international and commercial participation in exploration

¢ Major Milestones

2008: Initial flight test of CEV

2008: Launch first lunar robotic orbiter

2009-2010: Robotic mission to lunar surface

2011 First Unmanned CEV flight

2014: First crewed CEV flight

2012-2015: Jupiter Icy Moon Orbiter (JIMO)/Prometheus
2015-2020: First human mission to the Moon
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‘Exploration Systems Research and Technology
Goals and Objectives

Goal

¢ Investments made through the ESR&T programs will provide the critical
foundation of knowledge and validated technologies for achieving the
Vision for Space Exploration, while delivering technologies of broad
common value to NASA, the Nation and the U.S. economy

Selected Objectives

¢ Establish the viability (or non-viability) of various major systems and
systems-of-systems options for longer-term future exploration systems, with
a focus in the next 6-9 years on the systems-of-systems level issues that will
determine how we return to the Moon by no later than 2020

¢ Address critical gaps in needed capabilities and/or technologies that emerge
during definition of the systems that ESMD will ‘build next’—for example, for
“Spiral 1”

¢ Develop, demonstrate and deliver component-, subsystem-, or system-level
technologies for consideration by system developers that may provide an
substantial improvement to chosen technologies

¢ Develop, demonstrate and transfer technologies of broad common value, for
NASA, other government and for the benefit of the economy

¢ Assure the timely creation and effective management of innovative and
partnerships to accomplish better exploration, science and technology goals



Exploration Systems Research & Technolog
Strategic Technology/Systems Model
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Exploration Systems Research & Technology
Organization

Explorations Systems Research &
Technology
Manager - J. Mankins
Deputy - B. Neumann

Program Integration Team
Team Leader
Richard McGinnis

Technology Maturation
Program Manager

Advanced Space Technology |
Program Manager
Chris Moore

Program Manager
F. Schowengerdt

[ Advanced Studies, Concepts and High Energy Space Systems || Small Business Innovative |
—| Tools R&T Program P —| Technology Demos Program Research

Innovative Partnerships

Advanced Materials & Structural

[ | Concepts R&T Program

|| Advanced Space Systems &

Platform Tech Demos Program

Communications, Com uting,
Electronics & Imaging R&T Progr

Advanced S%ace Operations
Technology Demos Program

Software, Intelligent Systems &

[ | Modeling R&T Program

|| Lunar & Planetary Surface Ops

Technology Demos Program

Power, Propulsion & Chemical

| Systems R&T Program

Organized by Discipline,

Emphasizing the Longer-term

In-Space Technology Experiments

— | Program (IN-STEP

Organized by Functional-Area,
Emphasizing Technology

Validation

Small Technology Transfer
Research

Technology Transfer
Partnerships

University Research, Eng, and
Technology Institutes*

— Space Product Development*

Organized by Program Function,
Emphasizing Types of
Relationships
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Exploration Systems Research & Technology
Advanced Space Technology Program (ASTP)

Salient Features:

* Pursues novel systems concepts

» Conducts research in low TRL exploration R&D areas
« Advanced promising technologies from TRL 3to TRL 5

» Addresses technologies with the potential to enable
‘system-of-systems’ level innovations in the next 10-20+
years

 Discipline-organized: focusing on major challenges in
discipline research areas

Element Programs

» Advanced Studies, Concepts and Tools

Advanced Materials and Structural Systems
Computing, Communications, Electronics and Imaging
Software, Intelligent Systems and Modeling

Power, Propulsion and Chemical Systems
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Exploration Systems Research & Technology
Technology Maturation Program (TMP)

Salient Features:
» Matures new technologies from TRL 4 to TRL 6
(or higher, as appropriate)

» Addresses technologies with the potential to
enable ‘system-of-systems’ level innovations in
the next 5-10 years

» Functionally-organized: focusing on major
challenges in future capabilities

HR&T Technology Maturation Model

System Test, —

Element Programs _ - [ s
« High Energy Space Systems _: o s,
« Advanced Space Platforms and Systems G | s
» Advanced Space Operations G — saf
 Lunar and Planetary Surface Operations e | r?
« In-Space Technology Experiments Program o i |

: b b
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Exploration Systems Research & Technology
Innovative Partnerships Program

Salient Features:

» Establishes partnerships among NASA programs and
external innovators

» Develops and protects NASA Intellectual Property

» Transfers technology into NASA programs / from NASA
programs

Element Programs:

« Small Business Innovation Research (SBIR) Program

Small Business Technology Transfer (STTR) Program

Technology Transfer Agents

University Research, Engineering and Technology
Institutes

Research Partnership Centers
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