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COE CST YEAR 2 ANNUAL REPORT

PREFACE

The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) is
pleased to release this FAA Center of Excellence for Commercial Space Transportation (COE
CST) Year 2 Annual Report Executive Summary.

For more information about the tasks presented in this report, please visit the COE CST web
site at www.coe-cst.org.

All efforts have been made to ensure the accuracy of information included in this report but it is
possible that errors may have crept in. Please address any questions or corrections to COE
CST Program Manager, Ken Davidian, 202-267-7214, ken.davidian@faa.gov.

- December 31, 2012

Pictured
right: COE
CST plaques
were
presented to
each of the
member
universities in
2012. Left
column from
top to
bottom:
University of
Florida,
Florida Tech,
University of
Colorado
Boulder, and
University of
Texas
Medical
Branch
Galveston.
Right column
from top to
bottom:
Florida State
University
New Mexico
Tech,
Stanford
University,
University of
Central
Florida, and
New Mexico
State
University.
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EXECUTIVE SUMMARY

INTRODUCTION

This document accompanies a more detailed Year 2 Annual Report of the FAA Center of
Excellence for Commercial Space Transportation (COE CST) that began operation on August
18, 2010. The period of the COE CST second year is January 1 through December 31, 2012.

This executive summary begins with overviews of the FAA Office of Commercial Space
Transportation (the sponsoring organization), the FAA COE Program and the COE CST.

Next, brief introductions to each of the nine member universities are provided, with general
descriptions as well as specific strengths the universities bring to the COE CST.

Quad charts are next given and each of the research tasks initiated, conducted and concluded
by the COE CST during the second year of operation® is listed and summary information of each
is provided.

Finally, a comprehensive list of research partners, students and publications that contributed to
the COE CST second year of operation are given.

OVERVIEWS

FAA OFFICE OF COMMERCIAL SPACE TRANSPORTATION

As of December 2012, the FAA Office of Commercial Space Transportation (AST) is comprised
of approximately 80 full time equivalent (FTE) civil servants and operates with a budget of $15
million. (By contrast, the FAA has 48,000 FTEs and a total budget of $15 billion.) Despite its
relatively small size, AST has an important set of responsibilities as described in their mission
and defined in the Code of Federal Regulations, Title 51 US Code Subtitle V, Ch. 509. The two
main goals of AST are:

Regulate the commercial space transportation industry, only to the extent necessary, to ensure
compliance with international obligations of the United States and to protect the public health
and safety, safety of property, and national security and foreign policy interest of the United
States.

Encourage, facilitate, and promote commercial space launches and re-entries by the private
sector.

FAA CENTER OF EXCELLENCE PROGRAM

The FAA Center of Excellence (COE) program was established by the Omnibus Budget
Reconciliation Act of 1990, Public Law 101-508, Title 1X, Aviation Safety and Capacity
Expansion Act.

COEs are intended to be a 10-year partnership of academia, industry, and government to create
a world-class consortium that will address current and future challenges for commercial space
transportation. The three main goals of every COE include research, training, and outreach.

A unique attribute of the COE program is the one-to-one matching requirement for every federal
dollar granted to a COE university. The matching requirement can be satisfied through direct or
in-kind contributions from any non-federal funding source, including industry, universities, or
state and local government organizations.

Eight other COEs have been established by the FAA that pre-date the COE CST, including:

¢ The Joint Center for Computational Modeling of Aircraft Structures, 1992 to 1996.
¢ The Center of Excellence for Airport Technology (CEAT), established 1995.

! The first “year” of COE CST operation began on August 18, 2010 and ended December 31, 2011. The
second year of COE CST operation covered in this document includes all of calendar year 2012.

Www.coe-cst.org 1
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o The National COE for Aviation Operations Research (NEXTOR), operated from 1996 to 2007.

e The Airworthy Assurance COE (AACE) operated from 1997 to 2007.

e The COE for General Aviation Research (CGAR), in operation from 2001 to 2013.

e The Partnership for Aircraft Noise & Aviation Emissions Mitigation Research (PARTNER), in
operation from 2003 to 2013.

¢ The Joint Center for Advanced Materials (JAMS), in operation from 2003 to 2015.

e The Airliner Cabin Environment Research (ACER) Center, also called the COE for Research
in the Intermodal Transport Environment (RITE), in operation from 2004 to 2014.

Since the creation of the COE CST in August 2010 and as of Decemnber 2012, one new COE
has been created and another two COEs been announced. They are:

¢ The Center of Excellence for General Aviation Safety Research (named PEGASAS,
Partnership to Enhance General Aviation Safety, Accessibility and Sustainability), established
in 2012.

e The Center of Excellence for Alternative Jet Fuel and Environment, announced in 2012.

FAA CENTER OF EXCELLENCE FOR COMMERCIAL SPACE TRANSPORTATION
COE CST YEAR 2 HIGHLIGHTS

The following are the major milestones
for the FAA COE CST during its
second year:

e Second Annual Administrative estigators 27 28
Meeting held at FSU in Tallahassee, 31 37
Florida on April 25-26, 2012. 0 38

¢ Creation of the Executive irtners NA 17
Committee, consolidating the thers NA 28

Coordinating and Planning
Committees into a single entity, and
creation of 3 Subcommittees: Self-
Governance, Strategic Planning,
and Collaboration.
e First Full Year of operation for the
COE CST Industry Advisory Committee (CESTAC)
¢ Induction of the first Affiliate Member, McGill University of Montréal, Canada, also the first
international member.
e Second Annual Technical Meeting held at NMT in Socorro, New Mexico on October 31-
November 1, 2012.

In the second year of COE CST operation, there were 9 new tasks started, 24 ongoing from the
previous year and 10 tasks completed. The complete list of all tasks is given in the second half
of this executive summary.

bers 0 1

$2M (FY10)  $0.5M (FY11)
$1.9M (FY12)

FAA FUNDING DETAILS

During the 2012 funding cycle, all funded COE CST research tasks were synchronized to a
period of performance that starts on June 1 of the funding year and ends on May 31 of the next.
During the one-year period between June 1, 2012 and May 31, 2013 tasks are using some
combinations of FY10, FY11 and FY12 funds.

COE CST STUDENTS, PARTNERS AND PUBLICATIONS

In the second year of operation, the COE CST benefited from the services of 37 students, 17
research partners and 28 industry partners. The combined effort resulted in 38 technical or
programmatic papers published in journals or presented at conferences. A complete list of
students, partners (both industry and research organization) and publications are given after the
research task summary charts in this report.

2 www.coe-cst.org
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COE CST MEMBER UNIVERSITIES

The nine COE CST member universities are: Florida Institute of Technology (FIT, or Florida
Tech), Florida State University (FSU), New Mexico Institute of Mining and Technology, (NMT, or
New Mexico Tech), New Mexico State University (NMSU), Stanford University (SU), University
of Central Florida (UCF), University of Colorado at Boulder (CU), University of Florida (UF) and
University of Texas Medical Branch at Galveston (UTMB)

The COE CST member universities provide a comprehensive distribution of geographical
coverage representing the entire Commercial Space Transportation industry, including the top
four civil space states (California, Colorado, Texas and Florida) and New Mexico, the state
leading the suborbital industry as well as having a significant level of military space activity.
Combined, the nine universities bring over 50 other government, industry and academic
organizations as research partners.

As a single entity, the nine COE CST member universities bring complementary strengths
together for the benefit of the overall COE. FAA finds that each team member provides highly
respected and accomplished experiences that directly address the research and study needs of
the commercial space industry.

In 2012, McGill University of Montréal, Canada, joined the COE CST as the first Affiliate
University. The remainder of this section provides more detail on each of the nine member
universities and one affiliate university of the COE CST.

FLORIDA INSTITUTE OF TECHNOLOGY (FIT)

Florida Tech (FIT) offers broad expertise in aerospace and space-related engineering, science,
space traffic management and launch operations, vehicle and payload analysis and design,
thermal systems and propulsion.

FLORIDA STATE UNIVERSITY (FSU)

FSU brings a range expertise and unique infrastructure in many areas relevant to the COE CST,
including but not limited to: cryogenics, thermal management, vehicle aerodynamics and
controls, sensors, actuators and system health monitoring and high performance simulations.

COE CST Member and Affiliate University Geographic Distribution

Www.coe-cst.org 3
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NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY (NMT)

NMT is a science, math and engineering university with a focus on applied research. Major
research facilities include a rocket engine test fixture at the Energetic Materials Research and
Testing Center, and a 2.4M fast tracking telescope at the Magdalena Ridge Observatory
dedicated to the study of near earth objects.

NEW MEXICO STATE UNIVERSITY (NMSU)

NMSU and its Physical Sciences Laboratory have led space and aerospace research in areas
of suborbital investigations from the time of Werner Von Braun to the current era of commercial
sub-orbital space transportation with Virgin Galactic. New Mexico Space Grant Consortium, the
21st Century Space and related aerospace research focuses on annual access to space for
student and faculty experiments, unmanned aerial vehicles, scientific ballooning and nano-
satellite development.

STANFORD UNIVERSITY (SU)

SU brings a 50 year history of aerospace research excellence and a broad scope of expertise to
the COE CST, including the optimization and autonomous operation of complex systems,
strategic research planning, organizational integration and distributed administration experience.

UNIVERSITY OF CENTRAL FLORIDA (UCF)

UCF, as partners of Florida Center for Advanced Aero-Propulsion (FCAAP) and the Center for
Advanced Turbines & Energy Research (CATER), offers its experience and expertise in thermal
protection system, propulsion system components, cryogenic systems and materials,
composites, sensors and actuators, and guidance and control.

UNIVERSITY OF COLORADO AT BOULDER (CU)

CU offers the COE CST their experience in spacecraft life support systems and habitat design,
human factors engineering analysis, payload experiment integration, and expertise in space
environment and orbital mechanics.

UNIVERSITY OF FLORIDA (UF)

UF has been performing aeronautical and aerospace research since 1941, with current
emphasis in the Department of Mechanical and Aerospace Engineering on research in space
systems, MEMS, computational sciences, structural dynamics, controls, gas dynamics, and
propulsion.

UNIVERSITY OF TEXAS MEDICAL BRANCH AT GALVESTON (UTMB)

UTMB has a long history of medical support and human spaceflight physiological research with
NASA. This is complemented by more recent involvement in the commercial orbital and
suborbital spaceflight industry supporting space flight participant visits to the ISS and
preparation of passengers and crew for suborbital space flights.

AFFILIATE MEMBER: MCGILL UNIVERSITY (MU)

McGill University’s Institute of Air and Space Law (IASL) offers the most comprehensive and
advanced graduate level space law program in the world covering General Principles of Space
Law, Law of Space Applications and Government Regulation of Space Activities.

4 www.coe-cst.org




EXECUTIVE SUMMARY

COE CST RESEARCH TASKS

The research conducted within FAA AST is broken into four major research areas:

e Space Traffic Management &
Operations

e Space Transportation
Operations, Technologies &
Payloads

e Human Spaceflight

e Space Transportation Industry
Viability

Each of these major research

areas are divided into sub-areas

and these, in turn, are further sub-

divided into lower level divisions.

The following pages include a list
of the individual COE CST
research tasks conducted during
the second year of operation
followed by summary charts for
each task.

The presentation order of the
summary charts follows the list of
tasks given in the table below.

www.coe-cst.org
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TASK 259. FLIGHT SOFTWARE VALIDATION & VERIFICATION
WORKSHOP

PROJECTAT-A-GLANCE Fight Slation
¢ AST TECH MONITOR: Paul'ilde L A
+ UNIVERSITY: Stanford University ;
+ PRINCIFAL INVESTIGATOR: Dr. Juan J. Alonso
+ STUDENTRESEARCHER: Mone

+ STATUS: Ongoing

RELEVANCETO COMMERCIAL SPACEINDUSTRY

+ Software IndependentValidation and Verification is
regardedas one ofthe majorissuestodayandinthe
future forthe timely and cost-effective development
and certification oflaunch andre-entry systems. STATUS

+ Qutcome ofthis effortis meantto be a workshop to

TARGET
Flight Software

[
Cr Tt
!

HOST
Log Files.

Ethermet

STATEMENT OF WORK outline a plan ofresearch in this area.

+ Formulate a coherentplan ofresearchtoimpactflight . potential participants in workshop have been
software V&V for commercial spacetransportation identified.
systems.

+ Location andtiming ofworkshop have been selected.
* Produce aresearch roadmap of activities that may 9 P

leadto a full project pursuedunderthe umbrella ofthe FUTUREWORK

COE. * Theintentis to holdthis workshop duringthe Spring
» Develop awhite paperforresearch challengesin flight  of2013.

software V&V for commercial spacetransportation + Possibility of adding the output of workshop to road
systems. mappingactivity sublevels
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EXECUTIVE SUMMARY

COE CST YEAR 2 STUDENTS

The following is a list and demographic information of the 37 COE CST students working on

research tasks during the second year of operation.

¢ Francis, Griffin (FSU)

¢ Fujimoto, Kohei (CU)

o Gutierrez, Jaclene (NMT)
¢ Hammond, Marcus (SU)
e Herman, Jon (CU)

e Howard, Diane (MU)

e Law, Jennifer (UTMB)

¢ Lawrence, Jeremy (UCF)
e Li, Alan (SU)

¢ Mathers, Charles (UTMB)
e McGranaghan, Ryan (CU)
e Meisner, Daniel (NMT)

e Menon, Anil (UTMB)

¢ Blue, Rebecca (UTMB)

e Capristan, Francisco (SU)
e Carpenter, Cassandra (UCF)

e Cheetham, Brad (CU)
e Collins, Justin (FSU)
e Colvin, Tom (SU)

e Conrad, David (NMT)

e Cushman, James (UTMB)

e Deaven, Jacob (NMT)

e Fanchiang, Christine (CU)

¢ Feldhacker, Juliana (CU)
e Fitzgerald, Paul (MU)

o Mills, David (UF)

o Ocampo, Robert (CU)

o Padial, Jose (SU)

o Pattarini, James (UTMB)
o Rainer, Sebastian (FIT)
¢ Reyes, David (UTMB)

o Sharma, Aneesh (FSU)
e Smith, Andrew (SU)

o Strevel, Hank (NMSU)

e Yang, Xueping (UCF)

o Zhu, Jinfeng (UCF)

o Zimmerman, Jonah (SU)

Abbreviations: CU-University of Colorado Boulder, FIT-Florida Tech, FSU-Florida State University,
MU-McGill University, NMSU-New Mexico State University, NMT-New Mexico Tech, SU-Stanford
University, UCF-University of Central Florida, UF-University of Florida, UTMB-University of Texas Medical

Branch at Galveston

COE CST Year 2 Student Demographics

www.coe-cst.org
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COE CST YEAR 2 RESEARCH PARTNERS

The following is a list of the 17 COE CST research organization partners that have contributed
to the year 2 COE CST research tasks.

NASA Ames Research Center
NASA Headquarters

NASA Jet Propulsion Lab
NASA Johnson Space Center
National Science Foundation

¢ Air Force Research Lab — Kirtland

¢ Air Force Research Lab - Maui

¢ Baylor Center for Space Medicine

e University of Colorado LASP

o FAA Civil Aerospace Medical Institute

« Korean Government Grant (Student Fellowships)

« Mayo Clinic Jacksonville * University of Missouri

 Mayo Clinic Scottsdale * US Army

« Metropolitan State College of Denver * Universities Space Research Assoc.

COE CST YEAR 2 INDUSTRY PARTNERS

The following is a list of the 28 COE CST industry partners that have contributed to the year 2
COE CST research tasks.

« Aerospace Concepts ¢ Futron Corp. e Space Florida

« American Institute of » GeoEye e Space Foundation
Aeronautics and e Locked On Inc. e Space Systems Loral
Astronautics (AIAA) e Lockheed Martin Corp. e Spaceport America

e Altius Space Machines e NASTAR Center e Space Exploration

e Analytical Graphics Inc. ¢ Orbital Sciences Corp. Technologies (SpaceX)

e Arianespace e Orion America Technologies e Special Aerospace Services

e Bigelow Aerospace e Paris Surgical Assoc. e Tauri Group

¢ Boeing Co. e Scitor Corp. e United Launch Alliance

e Clear Channel Satellite e Sierra Nevada Corp e Virgin Galactic

e Digital Globe e Southwest Research e Wyle Integrated Science &

Institute Engineering

COE CST YEAR 2 PUBLICATIONS
The following is a list of the 38 publications published or presented during COE CST year 2.

TAsK 182-UTMB HUMAN SYSTEM RISK MANAGEMENT APPROACH

e Law L, Mathers CH, Fondy SRE, Vanderploeg JM, Kerstman EL. NASA’s Human system risk
management approach and its applicability to commercial spaceflight. Aviat Space Environ
Med. 2013;84:68

TAsSK 183-UTMB FLIGHT CREW MEDICAL STANDARDS & PARTICIPANT MEDICAL ACCEPTANCE GUIDELINES

¢ Jennings, R. and Vanderploeg, J. “Flight Crew Medical Standards and Spaceflight Participant
Medical Acceptance Guidelines for Commercial Space Flight” Task 183 Final Report, August
6, 2012

TAsK 184-CU HUMAN-RATING OF COMMERCIAL SPACECRAFT

¢ Klaus, D.M., Fanchiang, C. and Ocampo, R.P. (2012) Perspectives on Spacecraft Human-
Rating, AIAA-2012-3419, 43rd AIAA ICES, San Diego, CA, July 2012 (paper and
presentation)

¢ Fanchiang, C., Defining an Operability Index for Human Spacecraft Design (student poster),
43rd AIAA ICES, San Diego, CA, July 2012

e Fanchiang, C., Johnson, M., and Ocampo, R. (2012) Evaluation of Commercial Human
Spaceflight Laws and Regulations in the United States, IAC-12-D6.1.7 63rd IAC, Naples, Italy

24 www.coe-cst.org
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¢ Close, S., R. Volz, R. Loveland, A. Macdonell, P. Colestock, I. Linscott, M. Oppenheim (2012),
Determining meteoroid bulk densities using a plasma scattering model with high-power large-
aperture radar data, Icarus, doi:10.1016/j.icarus.2012.07.033.

o Kelley, M., S. Pancoast, S. Close, Z. Wang (2012), Analysis of electromagnetic and
electrostatic effects of particle impacts on spacecraft, Adv. Space. Res., 49, doi:
10.1016/j.asr.2011.12.023.

¢ Pifko, S., D. Janches, S. Close, J. J. Sparks, T. Nakamura, and D. Nesvorny (2012), Modeling
the meteoroid input function at mid-lattitude using meteor observations by the MU radar,
Icarus, in review.

e Li, A., S. Close and J. Markannen (2012), EISCAT space debris after the international polar
year (IPY), IAC, 12.A6.1.8.

TASK 187-CU SPACE SITUATIONAL AWARENESS IMPROVEMENTS

¢ K. Fujimoto and D.J. Scheeres. 2012. “Correlation of Optical Observations of Earth-Orbiting
Objects and Initial Orbit Determination,” Journal of Guidance, Control and Dynamics 35(1):
208-221.

¢ K. Fujimoto, D.J. Scheeres and K.T. Alfriend. 2012. “Analytical Non-Linear Propagation of
Uncertainty in the Two-Body Problem,” Journal of Guidance, Control and Dynamics 35(2):
497-5009.

¢ K. Fujimoto, D.J. Scheeres , and K.T. Alfriend. “Analytical Non-Linear Propagation of
Uncertainty in the Two-Body Problem," paper presented at the 2011 AAS/AIAA Spaceflight
Mechanics Meeting, New Orleans, February 2011. Paper AAS 11-202.

¢ A. Rosengren and D.J. Scheeres. “Averaged Dynamics of HAMR Objects: Effects of Attitude
and Earth Oblateness,” paper presented at the 2011 AAS/AIAA Astrodynamics Specialist
Meeting, Girdwood, Alaska, August 2011. Paper AAS 11-594.

¢ D.J. Scheeres and A. Rosengren. “Closed Form Solutions for the Averaged Dynamics of
HAMR Objects,” paper presented at the 62nd International Astronautical Congress, Cape
Town, South Africa, October 2011.

¢ K. Fujimoto and D.J. Scheeres. “Non-Linear Propagation of Uncertainty With Non-
Conservative Effects,” paper presented at the 2012 AAS/AIAA Spaceflight Mechanics
Meeting, Charleston, SC, Jan/Feb 2012.

e S. Gehly, B. A. Jones, P. Axelrad, G. H. Born, "Minimum L1 Norm Orbit Determination Using a
Sequential Processing Algorithm", paper presented at the 2012 AAS/AIAA Spaceflight
Mechanics Meeting, Charleston, SC, Jan/Feb 2012.

¢ K. Fujimoto and D.J. Scheeres. “Non-Linear Bayesian Orbit Determination Based on the
Generalized Admissible Region,” paper presented at Fusion 2012, the 15th International
Conference on Information Fusion, Singapore, July 2012.

¢ D.J. Scheeres, M.A. de Gosson, and J. Maruskin. “Fundamental Limits on Orbit Uncertainty,”
paper presented at Fusion 2012, the 15th International Conference on Information Fusion,
Singapore, July 2012.

¢ AJ. Rosengren and D.J. Scheeres. “Long-term Dynamics of HAMR Objects in HEO,” paper
presented at the AIAA/AAS Astrodynamics Specialist Meeting, Minneapolis, August 2012.

e AJ. Rosengren and D.J. Scheeres. “Prediction of HAMR Debris Population Distribution
Released from GEO Space,” paper presented at the 2012 AMOS Meeting, Maui, September
2012.

¢ K. Fujimoto and D.J. Scheeres. “Rapid Non-Linear Uncertainty Propagation via Analytical
Techniques,” paper presented at the 2012 AMOS Meeting, Maui, September 2012.

¢ A.J. Rosengren and D.J. Scheeres. “Long-Term Dynamics of High Area-to-Mass Ration
Space Debris in GEO,” paper presented at the 63rd International Astronautical Congress,
Naples, Italy, October 2012. Paper IAC-12, A6.2.5.

¢ K. Fujimoto and D.J. Scheeres. “Non-Linear Bayesian Orbit Determination: Angle
Measurements,” paper presented at the 63rd International Astronautical Congress, Naples,
Italy, October 2012. Paper IAC-12-C1.6.11.
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COE CST YEAR 2 ANNUAL REPORT

TAsK 193-CU ROLE oF COE CST IN EFP (GRADUATE WORKSHOPS)

e Cheetham, B., Feldhacker, J., Puera, A., Chandler, A., Kloberdanz, C., and Groswald, L.,
"Government's Role in Commercial Space from the Perspective of Emerging Industry
Leaders", IAC-12-E6.4-D4.2.1, October 2012.

e Cheetham, Bradley W. "Theory Based Analysis of the Commercial Crew to Orbit
Transportation Industry Structure and Evolution"”, IAC-12-E6.1.6, October 2012.

TAsSK 193-SU RoLE oF COE CST IN EFP (SECONDARY AND HOSTED PAYLOADS)

e Zimmerman, J., Hubbard S. and Davidian, K. "FAA Office of Commercial Space
Transportation Research Roadmap", GLEX-2012.09.1.8, April 2012.

e Zimmerman, J., Hubbard S. and Davidian, K. "Research Roadmap for Commercial Space
Transportation”, IAC-12-E6.1.3, October 2012.

e Cheetham, B., Feldhacker, J., Herman, J. and Heeren, E. "Commercial Spaceflight
Operations: Graduate Level Curriculum Development"”, IAC-12.E1.4.5, October, 2012.

TAsK 228-NMT MAGNETO-ELASTIC SENSING FOR STRUCTURAL HEALTH MONITORING

e Conrad, D and Zagrai, A, (2011) “Active Detection of Structural Damage in Aluminum Alloy
Using Magneto-Elastic Active Sensors (MEAS),” Proceedings of SMASIS-11, ASME
Conference on Smart Materials, Adaptive Structures and Intelligent Systems, September 18 —
21, 2011, Scottsdale, AZ, paper: SMASIS2011-5219.

e Meisner, D and Zagrai, A (2012) “Magneto-elastic Active Sensors for Detection Of Incipient
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