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NASA ANNOUNCES COMMERCIAL RLV TECHNOLOGY ROADMAP PROJECT

WASHINGTON -- NASA is partnering with the U.S. Air Force Research Laboratory to
develop a technology roadmap for the commercial reusable launch vehicle, or RLV,
industry.

"NASA is committed to stimulating the emerging commercial reusable launch vehicle
industry," said Lori Garver, deputy administrator at NASA Headquarters in Washington.
"There is a natural evolutionary path from today's emerging commercial suborbital RLV
industry to growing and developing the capability to provide low-cost, frequent and reliable
access to low Earth orbit. One part of our plan is to partner with other federal agencies to
develop a consensus roadmap of the commercial RLV industry's long-range technology
needs."

The study will focus on identifying technologies and assessing their potential use to
accelerate the development of commercial reusable launch vehicles that have improved
reliability, availability, launch turn-time, robustness and significantly lower costs than current
launch systems. The study results will provide roadmaps with recommended government
technology tasks and milestones for different vehicle categories.

"Low-cost and reliable access to space will deliver significant benefits to all NASA's existing
missions, from science to human exploration to aeronautics, as well as to our nation's
security and to national economic growth," said Doug Comstock, director of NASA's
Innovative Partnerships Program at NASA Headquarters. "Part of our plan is to apply
lessons learned from the recent past and also the great successes of the National Advisory
Committee for Aeronautics in stimulating the American commercial airplane industry nearly
100 years ago."




Objective: .

e Study will focus on identifying technologies and assessing
their relative utility for enabling future space access
capabilities

¢ Primary Goal: Accelerate development of Commercial
Reusable Launch Vehicles (CRLV’s) -- vehicles developed
and operated by commercial companies

e Performance Goals:
— Significantly lower cost (10 x reduction)
— Improved reliability, availability, launch turn-time

— And improved robustness compared to current launch
systems



General Approach: '

Will pursue a “NACA” style approach to identify
important technologies and other government services
which will increase the chances for commercial
companies to produce CRLV’s

Avoids the expensive and risky government funded RLV
development approach used previously with NASP or the
X-33/34/38

Allows government activities to leverage commercial
investments and activities, magnifying the value of
government dollars

Provides a technology and service base that is applicable
to government programs beyond CRLV’s, including
human and planetary exploration



Benefits: '

e Lower cost access to space provided by CRLV’s
will benefit a wide range of NASA missions and
activities, including

— Use of the International Space Station
— Planetary exploration missions
— Human exploration missions
— Earth observations
e Will also promote development of new
commercial space industries providing new jobs,

technologies and capabilities, along with
important new resources for the country




CRLV Technology Roadmap '

Primary Technology Areas:

Entry, Descent and Recovery Systems, and Advanced TPS
Propulsion, OMS and ACS

Structures and Materials

Avionics, Communications and Flight Control

Vehicle (Internal) Energy & Thermal Management Systems
Life Support and Safety Systems

On-orbit Operations and Equipment

Ground Support, Operations and Processing Equipment
Advanced Concept Technologies



Team

The Team performing this work is made up of:
— Oversight: Doug Comstock/NASA, Charles Miller/NASA,

Minoo Dastoor/NASA, Bruce Thieman/AFRL, Thomas Jacobs/AFRL

Leads: Dan Rasky/NASA & Walter Glance/AFRL

Technical Support — NASA: Joe Shaw/GRC, David Hunstman/GRC,

Julie Fowler/LaRC, Ron Merski/LaRC, John Kelly/DFRC, Russ Barber/DFRC,
Mark Nall/MSFC, David Stephenson/MSFC, Bruce Morris/MSFC,

William Hosler/JSC, Brian Hall/WFF, Lloyd Eldred/LaRC, Brian Hollis/LaRC,
Brian Jensen/LaRC, Hyun D.Kim/GRC, Sungwan Kim/LaRC, Roger Lepsch/LaRC,
David Manzella/GRC, Kevin Melcher/GRC, Ajay Misra/GRC, Mark Newfield/ARC,
Hugh Perkins/GRC, Jill Prince/LaRC, Sai Raj/GRC, Charles Smith/ARC,

Charles Trefny/GRC, William Winfree/LaRC, James Yuko/GRC,

Gregor Hanuschak/ARC, Jennifer Cole/DFRC, Bruce Pittman/ARC,

Tony Ginn/DFRC, Bruce Webbon/ARC, Raj Ventekapathy/ARC,

Carey Mccleskey/KSC, Russel Rhodes/KSC

— Technical Support — AFRL: Nils Sedano, Jeremy Andrews, Jeffrey V. Zweber

— Technical Support — FAA: Nick Demidovich, Michelle Murray



Approach ‘

e Four categories of space access vehicles being considered:

1. Reusable, sub-orbital vehicles
(e.g., Virgin Galactic, Blue Origin, XCOR, Masten, Armadillo, etc.)

2. Expendable and partially reusable, orbital vehicles
(e.g., SpaceX, Orbital, etc.)

3. Reusable, two-stage orbital vehicles
(e.g., AF glide-back & boost-back)

4. Advanced vehicle concepts
(e.g., air-breathing systems, power-beaming, tethered upper stage, ...)

e The Sandia Technology Roadmapping Structure/Approach
(SAND97-0665) is being used for Roadmap development



Approach (Cont.) ‘

NASA/USAF began the study by soliciting feedback from the
commercial space industry about technologies that would most
benefit their existing and near-term vehicle systems

Initial inputs obtained from one-on-one interviews with 19
companies at the USAF/NASA CRASTE 2009 conference,
October 26-29, 2009

Website setup to collect inputs from companies for the team
at: http://csi.arc.nasa.gov -- to date over 30 company inputs
and documents submitted



Company Interviews

To date 29 companies interviewed:
e Small (< 100 employees)

— Advent Launch Systems, Andrews Space (on-site), Armadillo
Aerospace, Astrox, Barron Associates, Ce Dev, Firestar Engineering
(on-site), Garvey Spacecraft Corporation, Go Hypersonics, Masten

Space Systems (on-site), Orion Propulsion, Spaceworks Engineering,
TGV Rockets, XCOR (on-site)

e Medium (100 - 1000)

— Blue Origin (on-site), Microcosm Inc., Orbitec, Scaled Composites (on-
site), Sierra Nevada, SpaceX (on-site)

e Large (> 1000)

— ATK, Boeing, EADS Astrium, Lockheed Martin, Northrop-Grumman,
Raytheon, Pratt & Whitney, United Launch Alliance, Vought Aircraft




-

Preliminary Results -
Company Ildentified Needs

Four Principle Need Areas Identified:
1. Business Support
2. Government Services
3. Specific Technologies
4. Integrated Flight Demonstrator(s)



Preliminary Results -
Company Ildentified Needs

Business Support # Companies

1 - Help to stimulate and support new customers,
including small payloads & their integration

8

2 - Help to maintain/increase specialized hardware and

4

component suppliers
< ~
“




Preliminary Results -
Company Ildentified Needs

Government Services # Companies

1 - Provide responsive, affordable access to government facilities and 13
equipment (e.g. wind-tunnels, rocket test stands, arc-jets, large cryo-

tank tooling)

2 - Allow easier access with improved user support to government 12

specialized space-vehicle design software

3 - Help provide range operation simplification, automation and 11
standardization, in-particular for small launch systems, and including
daily atmospheric data support and vehicle hazard assessments

4 - Provide responsive, affordable access to government subject area 10
experts
5 - Develop and make available government standards, databases 7

and reports for space-vehicle and subsystem design, testing,
operation and failures

6 - Help with removal of dangerous orbital debris 2




Preliminary Results -
Company Ildentified Needs

Specific Technologies # Companies
Propulsion and Cryogenics 32
1 - Develop and characterize more operable fuels for OMS, RCS and vacuum APU, including very small 8
thrusters

2 - New high-temperature materials and advanced designs for turbo pumps, advanced injectors, thrust 5
chambers and nozzles

3 - Low cost thrust vector control 4
4 - Advanced cyrogenic seals, valves and bellows 3
5 - Advanced cyro fluid management systems 2
6 - Reduce/eliminate ordinance weight and complexity 2
7 - Characterization of LOX/Methane engines and development of improved LOX/Methane fuels 2
8 - Low cost pressurized systems for propulsion 2
9 - Large (~450 kib) and small (50-100 kib) class LOX/RP engines for rocket boosters 2
10 - Subsonic combustion ramjets for accelerator missions (high T/W rather than maximizing ISP) 1
11 - Reusable rocket motor cases 1
Avionics and Vehicle Electronics 22
1 - Develop advanced avionics, including autonomous flight, adaptive flight control and IVHM 15
2 - Advanced sensors and wireless systems for vehicle data acquisition, control and power 4
3 - Automated tools for analysis and verification of complex electronic circuits / programmable logic 1
4 - Methods for rapid incorporation of state-of-the-art electronics in space systems 1
5 - Powerful and light-weight space qualified batteries 1




Preliminary Results -
Company Ildentified Needs

Specific Technologies (Cont.) # Companies
Entry Systems and TPS 17
1 - Operable TPS with automated inspection, and rapid repair and recertification 13
2 - Hardware entry, descent and recovery techniques, including air-snatch, vertical landing and ocean 4
recoveries

Materials and Structures 17
1 - Advanced, non-autoclave composites for structures and tankage, including linerless LOX and composite 8
over-rap metallic tanks, and tank failure characterization

2 - New light-weight, high-temperature, high-performance materials and composites for structures, 7
including fatigue testing, material compatibility and allowables, and predictive failure methods

3 - Light-weight landing gear 2
Ground Processing and Operations 16
1 - Operational methods for inspection, repair and recertification of space hardware, including ISHM and 13
advanced sensors

2 - Rapid/real time mission planning tools 3
Crew Systems and In-Flight Operations 7
1 - Crew systems & human factors including g-limits, ECLSS, and automated flight safety systems 4
2 - Standard on-orbit docking systems and procedures 3




Preliminary Results -
Company Ildentified Needs

Integrated Flight Demonstrator(s) # Companies

Sponsor integrated, reusable, flight demonstrator(s) 16
for advanced technology integration, and
operational methods development




Products ‘

Roadmaps with recommended government technology tasks
and milestones will be compiled and documented, along
with initial budget and resource requirement estimates

Initial roadmaps will be constructed by July, 2010 and
presented at the Space Frontier Foundation NewSpace
Conference at NASA Ames, July 23-25th

Final roadmaps will be documented by September, 2010

A refresh of the CRLV Technology Roadmaps will begin at
the NASA/USAF CRASTE 2010 conference hosted at NASA
Ames, October 25-28, 2010
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Backup Slides



The law that created NASA, the National AeromN
and Space Act of 1958, as amended, gives NASA an often

overlooked mission.

NASA’s founding legislation states that we will “seek and
encourage, to the maximum extent possible, the fullest
commercial use of space.”

Remarks by the NASA Administrator
Gen Charles Bolden

National Association of Investment
Companies
Washington DC, October 20, 2009




Path Forward
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NASA Proposed 2011 Budget

Funding Table
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Space Technology Budget

Space Technology
[ 201 | 2012 | 2013 | 2014 | 2015

Space technology $572 $1,012 $1,060 $1,064 $1,218

» Funds advancements in next-generation technologies, to help improve the Nation's
leadership in key research areas, enable far-term capabilities, and spawn game-changing
innovations to make NASA, other government and commercial space activities more capable
and affordable.

» Involves a broad array of participants including academic, commercial and international
partnerships and incorporates the current Innovative Partnerships Program (including the
Small Business Innovative Research and Small Business Technology Transfer Research
programs.)

» Focuses on key areas, such as communications,
sensors, robotics, materials, and propulsion,

» Uses prizes and other innovative research funding
mechanisms, in addition to grants and other more
traditional funding mechanisms.




