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EXECUTIVE SUMMARY

LETTER FROM THE EXECUTIVE DIRECTOR

As we welcome the new challenges beginning our sixth year (Phase Il) of commercial space
transportation research, it is appropriate that we recognize the huge debt of gratitude owed to our FAA
COE National Program Director, Dr. Patricia Watts, and to our FAA Program Manager, Mr. Ken Davidian.
Without their vision, leadership, tenacious attention to detail, and “get it done” attitude, the COE for
Commercial Space Transportation would not have happened. Their selflessness, passion, and integrity
were the lamplight in the dark days of all COE start-ups. As Pat Watts is fond of saying “They don’t know
what they don’t know”. Well, Pat, today - we know!

This fifth Executive Summary of the work undertaken and the products produced by the Center of
Excellence for Commercial Space Transportation provides insight into the breadth and depth of the work
being accomplished at nine core universities across the nation, supported by a growing cadre of affiliate
members and direct participation by vital companies and agencies in the space industry. The work
summarized here demonstrates the research, education, and training necessary to support, safeguard,
and promote the growing commercial space flight industry. It takes a team effort, visionary leadership,
and not accepting “no” as an answer when facing bureaucratic roadblocks whether from academia,
industry, or government.

Through the guidance of the FAA Office of Commercial Space Transportation we have assembled a
robust and expanding team of academia, industry, and government participants — all working together to
push the edges of knowledge, science, and engineering to make the future brighter and safer for
commercial space flight.

THANK YOU, Pat and Ken, for your vision, direction, support, and overcoming
“no” over the past five years.

James M. Vanderploeg, MD

e A Tk pdne

Executive Director, COE-CST
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COE CST YEAR 5 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 5
Annual Report Executive Summary.

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

Please address any questions or corrections to COE CST Program Manager, Mr. Ken Davidian,
202-267-7214, ken.davidian@faa.gov.

- December 31, 2015

ACKNOWLEDGEMENTS

Dr. George Nield, Associate Administrator of FAA AST, and Dr. Patricia Watts, National Program Director
of the FAA COEs, are two individuals without whose support the COE CST could not function today. They
are recognized as driving forces for the past successes of the COE CST and will be the source of any
future accomplishments as well. The COE CST is very grateful for their support. Stepping back from his
COE CST duties this year, and moving toward a well-deserved (partial) retirement is Professor Scott
Hubbard from Stanford University. Since the inception of the COE CST, Prof. Hubbard led the team of
Stanford principal investigators. Scott is transitioning out of his former duties related to the COE CST, but
is retaining his role of New Space Journal Editor, the COE CST'’s official peer-reviewed quarterly.

The COE CST is a collection of nine incredible universities (as will be described in more detail later in this
document) supplemented by affiliate and associate members, and complemented by numerous private
organizations and research institutions. Of course, within each of these entities are the people that make
the COE CST what it is; the principal investigators, the students, the financial officers, the contractors, the
business women (and men), the executives, the administrators, and the government researchers. It is the
collective effort of these individuals that make the research possible, provide matching cash and in-kind
contributions, post the extensive technical and financial data for government-required reports, and
fundamentally make the overall system function efficiently through their individual actions.

These important individuals, representing the dozens of participating organizations and institutions,
cannot be given enough words of thanks or acts of appreciation in recognition for their contributions of
time, effort, and treasure. Thank you ALL.

PICTURED: The nine COE CST
member universities posed for a picture
at the Fifth Annual Administrative
Meeting on April 27, 2015. From left to
right: Dr. Jay Kapat (UCF), Dr. Juan
Alonso (SU), Professor Scott Hubbard
(SU), Dr. Tristan Fiedler (FIT), Carol
Gregorek (OAT), Dr. Jim Vanderploeg
(UTMB), Ken Davidian (FAA), Dr. Norm
Fitz-Coy (UF), Dr. Andrei Zagrai (NMT),
Dr. Dave Klaus (CU), Evelina Bern
(FAA), Brad Cheetham (CU), Dr.
Warren Ostergren (NMT). Circled: Dr.
Pat Watts (FAA), Dr. Pat Hynes
(NMSU), Dr. Farrukh Alvi (FSU), Fred
Bowen (OAT).
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EXECUTIVE SUMMARY

INTRODUCTION

This executive summary accompanies a more detailed, three volume annual report of the FAA COE CST.
A fourth volume is being published commemorating the fifth anniversary of the COE CST, a significant
milestone. This special volume will not be produced again until the tenth anniversary. The annual report
volumes will be available on the COE CST web site:

e Volume 1 provides a full description of the FAA COE CST including its research, structure, member
universities, funding, and research tasks.

e Volume 2 is a comprehensive set of presentation charts of each research task as presented at the
Fifth Annual Technical Meeting in October 2015.

e Volume 3 is a comprehensive set of notes and links to recordings from all FAA COE CST
teleconferences and face-to-face meetings.

e Volume 4 is a comprehensive overview of each task executed under the COE CST during the first
five years.

The Executive Summary begins with overviews of the FAA Office of Commercial Space Transportation
(the sponsoring organization), the FAA COE Program and the COE CST. The COE CST became
operational on August 18, 2010 with nine members and has subsequently added Affiliate and Associate
organizations including both universities and industry members.

Brief introductions and general descriptions are provided for each of the COE CST Member Universities,
the Affiliate Members, and the FAA Technical Monitors for the COE CST research tasks.

The overall scope of COE CST research themes are given and each of the research tasks initiated,
conducted and concluded by the COE CST during the fifth year of operation are listed. Summary
information of each task is then provided in the form of quad charts.

The Executive Summary concludes with a listing of the COE CST students, the partnering institutions
from industry, the research organizations, and the technical publications delivered during the year.

OVERVIEWS

FAA OFFICE OF COMMERCIAL SPACE TRANSPORTATION

As of December 2015, the FAA Office of Commercial Space Transportation (AST) is comprised of
approximately 81 full time equivalent (FTE) civil servants and operates with a budget of $17.6 million that
includes $1.0 million for the COE CST. (By contrast, the FAA has approximately 48,000 FTEs and a total
budget of $15.7 billion.) Despite its relatively small size (0.11 percent of the total FAA budget), 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:

o 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.

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

FAA CENTER OF EXCELLENCE PROGRAM

The FAA Air Transportation Centers of Excellence (COE) program was established by the Omnibus
Budget Reconciliation Act of 1990, PL 101-508, Title IX, Aviation Safety and Capacity Expansion Act.

COEs are intended to be multi-year, multi-disciplinary partnerships of academia, industry, and
government to combine world-class resources that will address current and future challenges for the
aviation and aerospace communities, including commercial space transportation. The main goals of every
COE include research, training and education, technology transfer and outreach.

Www.coe-cst.org 3
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The absolute uniqueness of the program partnerships is the mandatory one-to-one matching requirement
for every federal dollar granted to a COE university to establish, operate and conduct research. 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. COE efforts which
are jointly supported provide the taxpayer a hard return on their tax dollars. To date the COE members
have generated more than $300M in matching contributions to offset the research costs incurred by the
government organizations.

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

e The Joint Center for Computational Modeling of Aircraft Structures, 1992 to 1996.

e The Center of Excellence for Airport Technology (CEAT), established 1995.

o The National COE for Aviation Operations Research (NEXTOR), operated from 1996 to 2008.
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 2014.

e The Joint Center for Advanced Materials (JAMS), in operation from 2003 to 2016.
e The Airliner Cabin Environment and Intermodal Research (ACERite) Center, in operation from 2004
to 2014.

Since the creation of the COE CST in August 2010 and as of December 2015, three new COEs have
been created. They are:

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

e The Center of Excellence for Alternative Jet Fuels and Environment (ASCENT), established in 2014.

e The Center of Excellence for Unmanned Aircraft Systems (UAS) established in 2015.

FAA CENTER OF EXCELLENCE FOR COMMERCIAL SPACE TRANSPORTATION
Below is a quick look at COE CST year 5 highlights and technical publications.

COE CST YEAR 5 HIGHLIGHTS

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

¢ Fifth Annual Administrative Meeting
held at Dallas, Texas on April 27 —
April 28, 2015.

¢ Fifth Annual Technical Meeting held
in Arlington, VA. October 27-28,
2015.

o The New Space Journal completed
its third year featuring topics of
spaceports, Mars, human spaceflight
research, and the “space generation”
of upcoming professionals.

 NOVA science series featured
research accomplished by New
Mexico Tech and Stanford University.

e Faculty and student national and
international awards, cited in
summary further in this report.
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EXECUTIVE SUMMARY

In the fifth year of COE CST operation, there were 8 new tasks started, 19 on-going from the previous
year and 9 tasks completed. The complete list of all tasks is given in the second half of this Executive
Summary.

COE CST STUDENTS, PARTNERS AND PUBLICATIONS

In the fifth year of operation, the COE CST benefited from the research of 61 students, 27 research
partners and 57 industry partners. The combined effort resulted in 29 technical/programmatic papers
published in journals or presented at conferences. A complete list of students, industry, research
organizations, and publications is given after the research task summary charts in this report.

FAA AST TECHNICAL MONITORS

Technical monitors are the links between FAA’s research requirements and the work being performed by
COE CST member universities. Below is a brief listing of the FAA COE CST Technical Monitors who
contributed to the research efforts of the principal investigators and students:

e Mr. Nickolas Demidovich, Office of the Chief Engineer, AST

o Mr. Steph Earle, Space Transportation Development Division, AST

¢ Mr. Kevin Hatton, Space Vehicles Office, NextGen Office

e Mr. Henry Lampazzi, Licensing & Evaluation Division, AST

e Ms. Karen Shelton-Mur, Space Transportation Development Division, AST

e Mr. John Sloan, Office of Strategic Planning, AST

¢ Ms. Yvonne Tran, Regulations & Analysis Division, AST

e Dr. Paul Wilde, Chief Engineer, AST
The specific tasks for which each Technical Monitor is responsible is given in the research task table in
the “COE CST RESEARCH TASKS” section and on each of the research task summary (quad) charts.

The universities appreciate the time, dedication, and intellectual expertise provided by the technical
monitors. The researcher/technical monitor relationship is important to all partners, equally beneficial.

COE CST MEMBER UNIVERSITIES

The 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 universities bring over 50
other government, industry and academic organizations as research partners.

As a single entity, the 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.

FLORIDA INSTITUTE OF TECHNOLOGY (FLORIDA TECH)

Florida Institute of Technology performs doctoral research and undergraduate and graduate education
through its six academic colleges and schools with emphases on aviation, aeronautics, science,
technology, engineering and mathematics. Research at Florida Tech focuses on mechanical and
aerospace engineering, software and hardware resilient systems, biomedical engineering, space

www.coe-cst.org 5
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resource utilization, corrosion and space-related engineering, physics and space weather, space traffic
management and launch operations, vehicle and payload analysis and design, thermal systems,
propulsion, and commercial space industry viability. Florida Tech serves as the primary COE CST liaison
to industry for research partnership, and affiliate membership to government, the private sector as well as
academia. Historically known as FIT, Florida Tech’s preeminent research centers and institutes include
the Buzz Aldrin Space Institute, the FAA Center of Excellence for General Aviation Research
(PEGASAS), the FAA Center of Excellence for Commercial Space Transportation (COE CST), the School
of Human-Centered Design, Innovation & Arts, the Harris Institute for Assured Information, and more.

FLORIDA STATE UNIVERSITY (FSU)

FSU brings a range expertise and unique infrastructure and unparalleled testing facilities in

many areas relevant to the COE CST. These include but are not limited to: cryogenics, thermal
management, vehicle aerodynamics and controls, sensors, actuators, system health monitoring
and high performance simulations including multi-physics mechanics and flow surface
interactions. We have substantial expertise in simulating, experimentally and numerically, the
Vehicle Launch Environment and the associated challenges in aeroacoustics and aero-structures.

NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY (NMT)

NMT is a science, math and engineering university that has more than a dozen research divisions that
work with private industry, government agencies and other universities. The research divisions include:
the Petroleum Research and Recovery Center, the Institute for Complex Additive Systems Analysis, the
Energetic Materials Research Testing Center, the world’s largest lending library of seismology equipment,
the Magdalena Ridge Observatory, the National Center for Genome Resources, the National Cave and
Karst Research Institute, and the Langmuir Laboratory for Atmospheric Research.

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 Robert Goddard and Werner Von Braun to the current era of
commercial sub-orbital space transportation with Spaceport America and its operators, Virgin Galactic.
SpaceX and UP Aerospace. New Mexico Space Grant Consortium, the 21st Century Aerospace Space
Group and related aerospace research focuses on annual access to space for student and faculty
experiments, unmanned aerial vehicles, and cube-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,
spaceflight risk assessment, human factors engineering analysis, payload experiment integration, and
expertise in space environment and orbital mechanics.

6 www.coe-cst.org
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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.

COE CST AFFILIATE MEMBERS

EMBRY-RIDDLE AERONAUTICAL UNIVERSITY (ERAU)

Embry-Riddle Aeronautical University (ERAU) team focuses upon the demonstration, verification, and
validation of the AST funded, and ERAU developed ADS-B prototype (UAT Beacon Radio — ERAU
model) for the reusable sub-orbital space vehicles for the first year.

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.

SATELLITE COMMUNICATIONS SYSTEMS (SOLSTAR)

Satellite Communications Systems focuses on test of Satellite Communications Systems on-board
Suborbital Platforms to provide low-cost data communications for Research Payloads, Payload
Operators, and Space Vehicle Operators, and government agencies such as the FAA and NASA. The
satellite systems to be tested include, but are not limited to, Iridium, Globalstar, and Inmost.

Map of COE CST Member and Affiliate University Geographic Distribution

Www.coe-cst.org 7
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COE CST ASSOCIATE MEMBERS AND PRIMARY PARTNERS

NATIONAL AEROSPACE TRAINING AND RESEARCH (NASTAR) CENTER

The National AeroSpace Training and Research (NASTAR) Center is partnering with UTMB and the FAA
COE CST to participate as an industrial affiliate in an advisory board capacity and also as a research
partner providing cost sharing support. It offers a strong foundation in flight training and research to
improve the health and safety of passengers in the extreme aviation and space environments. Most
recently, NASTAR donated time and use of its centrifuge for a COE CST sponsored novel study on G-
tolerance of subjects with chronic diseases.

UNIVERSITY OF NEBRASKA LINCOLN

The University of Nebraska, a collaboration on space law and policy, focuses on how the liability regime
will achieve the appropriate balance between the risks and benefits of allowing lay persons to travel to
space, and what elements of the liability regime are best addressed at both the national and international
levels. In addition the research will look at how to avoid over/under-regulating so as to retain profitability
and viability, and how regulation should evolve as the industry matures.

SIMPSON COLLEGE

Simpson College had a strong background in interdisciplinary modeling, with the college routinely
producing nearly one third of the world's top MCM/ICM teams every year. This strong modeling heritage
has been recently combined with significant FAA AST regularity expertise, meaning Simpson College is
now able to create, test, and support unique policy or regulatory solutions through the COE CST. These
solutions - like the Draper-Santos airspace projection, the Class X airspace concept, and the risk-based
population database being built and supported at Simpson College - enable the creation of performance-
based regulations that facilitate industry growth while protecting public property and safety.

AWARDS AND RECOGNITION

During the past five years, many of the principal investigators and students from COE CST member
universities have received promotions, awards, and recognition for the work they do, sometimes related
to their COE CST tasks (and sometimes not). Regardless, the FAA would like to congratulate all the
recognized recipients for their great achievements!

¢ Dr. David Klaus (CU) - Promoted to full Professor; Associate Department Chair for Undergraduate
Program.

¢ Dr. Emmanuel Collins (FSU) - Black Engineer of the Year Award for College-Level Promotion of
Education, February 2015.

o Dr. William S. Oates (FSU) - Best paper award at the ASME Smart Materials, Adaptive Structures,
and Intelligent Systems (SMASIS) Conference: P. Miles, A. Guettler, M. Y. Hussaini, W. Oates,
"Uncertainty Analysis of Dielectric Elastomer Membranes under Multi-axial Loading", ASME
SMASIS SMASIS Colorado Springs, CO, 2015; and a Service Award for Adaptive Structures and
Materials System Branch award for service as Chair of the Branch.

o Dr. Patricia Hynes (NMSU) - AIAA Associate Fellow designation; Millionaires Award for Research
NMSU

o Dr. Sigrid Close (Stanford) - Elected Chair USNC-URSI (International Union of Radio Science)
Commission G, 2015-2018; Outstanding Professor in Aeronautics and Astronautics, Stanford
University; DoE Early Career Research Award, 2013-2018; Presidential Early Career Awards for
Scientists and Engineers, 2012 (Awarded in 2015); NSF CAREER Award, 2011-2016; Steering
Committee, ESA QB50 (2011-present).

¢ Dr. Penny Axelrad (UC) - 2015 Women in Aerospace Educator Award.

e Dr. Subith Vasu Sumathi (UCF) - 2015 American Chemical Society (ACS) PRF Doctoral New
Investigator Award (equivalent of young investigator); Selected as a member of two technical
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committees under ASME IGTI; Graduate student (Bader Almansour) won the best student paper
award at the Optical Society of America’s 3" Laser Ignition Conference held at Argonne, IL 2015.

e Rebecca S. Blue, MD, MPH (UTMB) - Arnold D. Tuttle Award-
e Tarah L. Castleberry, DO, MPH (UTMB) - Outstanding Mentor
¢ R. Yvette Schulz, MBA (UTMB) - Society of NASA Flight Surgeons Honorary Member

o James Pattarini, MD, MPH (UTMB) - Space Medicine Association Journal Publication ; Society of
NASA Flight Surgeons Outstanding Student; UTMB Outstanding Overall Resident

o James Pavela, MD (UTMB) - UTMB Outstanding PGY-1 Resident

COE CST RESEARCH TASKS

The research conducted within FAA AST is broken into four major research themes:
e Space Traffic Management & Operations
e Space Transportation Vehicles
e Human Spaceflight
e Space Transportation Industry Viability

Each of these major research themes are divided into programs and these are further divided into
projects and tasks.

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

www.coe-cst.org
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The presentation order of the summary charts follows the list of tasks given in the table below.
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COE CST YEAR 5 ANNUAL REPORT

COE CST YEAR 5 STUDENTS

The following is a list and demographic information of the 61 COE CST students working on research

tasks during the year of operation.

e Anderson, Mary (NMT)
¢ Bal, Harman (FSU)

¢ Bayley, Steven (NMT)
¢ Borowski, Holly (CU)

¢ Brandon, Neugebauer (ERAU)
e Capristan, Francisco (SU)

e Cason, Kathryn (UF)

e Chamberlain, Christine (CU)
¢ Charalambides, Gabe (SU)

e Cheetham, Bradley (CU)
e Chough, Natcha (UTMB)
e Collins, Justin (FSU)

¢ Colvin, Thomas (SU)

¢ Daniel, Blood (UF)

¢ DiPaolo-Hanson, Andrea (MU)
e Dominic, Tournour (ERAU)
e Fanchiang, Christine (CU)

¢ Feldhacker, Juliana (CU)
¢ Francis, Griffin (FSU)

e Garbino, Alejandro (UTMB)

Garcia, Antonio (NMT)
Gehly, Steven (CU)
Gray, Arion (FIT)

Harris, Chris (UCF)
Herman, Jon (CU)
Hernandez, Lance (NMT)
Howard, Diane (MU)

Johansen, Benjamin (UTMB)

Li, Alan (SU)

Lipscomb, Caleb (CU)
LoCrasto, Heather (CU)
Loparo, Zachary (UCF)
Lopez, Joseph (UCF)

Michalenko, Joshua (NMSU)

Mulcahy, Robert (UTMB)
Neis, Stefan (CU)
Newman, Tristan (UF)
Nusbaum, Derek (UTMB)
Ocampo, Robert (CU)
Padial, Jose (SU)

Pattarini, James (UTMB)
Pryor, Owen (UCF)
Richard, Day (ERAU)
Sharma, Aneesh (FSU)
Sjaardema, Tracy (NMT)
Smith, Taylor (FIT)
Smith, Andrew (SU)
Stanley, June (NMT)
Sweeney, Steven (NMT)
Thurmond, Kyle (UCF)
Tobin, Jessica (NMT)
Trujillo, Blaine (NMT)
Urso, Justin (UCF)
Vedera, Kevin (NMT)
Vemula, Rohit (FSU)
Villar, Michael (UCF)
Wilt, Dennis (FIT)
Wimberly, Daniel (NMT)
Yang, Hongjiang (UCF)
Yosvany, Alsonso (ERAU)
Zimmerman, Jonah (SU)

Abbreviations: CU-University of Colorado Boulder, ERAU-Embry Riddle Aeronautical University, 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 5 STUDENT DEMOGRAPHIC CHARTS

COE CST YEAR 5 RESEARCH PARTNERS
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EXECUTIVE SUMMARY

The following is a list of the 27 COE CST research organization partners that have contributed to the year

5 COE CST research tasks.

Baylor College of Medicine

Institute

Metropolitan State College
MIT Lincoln Laboratory
MITRE

NASA Headquarters
NASA Jet Propulsion Lab

Air Force Research Lab - Kirkland *
Air Force Research Lab - Maui

FAA Civil Aerospace Medical Institute
Los Alamos National Laboratory Engineering

Mayo Clinic - Rochester and Scottsdale

NASA Ames Research Center

NASA Johnson Space Center
National Science Foundation

National Space Biomedical Research
Institute

o National Space Grant Foundation

of Denver

COE CST YEAR 5 INDUSTRY PARTNERS
The following is a list of the 57 COE CST industry partners that have contributed to the year 5 COE CST

research tasks.

¢ Altius Space machines

o American Institute of
Aeronautics and
Astronautics (AIAA)

¢ Analytical Graphics Inc.

¢ Arianespace

e ATK

¢ Bachner Consultants

o Ball Aerospace

» Bigelow Aerospace

¢ Blue Origin

¢ Boeing Company, The

e Braxton

e Cimmaron Software
Services Inc.

e Clear Channel Satellite

e Commercial Space Flight
Federation

¢ CSSl Inc.

e DigitalGlobe

e Digital Solutions

¢ Dynetics, Inc.

e Echostar

¢ Florida Space Grant
Consortium

¢ Globalstar

e IBM

¢ Intelsat

o Iridium

¢ Jacobs Technology Inc.

e Locked On Inc.

e Lockheed Martin Space
Systems Company

¢ LORD Microstrain

¢ Marketing Consultant

o Metis Design

e NASTAR Center

¢ Near Space Corporation

¢ New Mexico Spaceport
Authority

¢ Orbital Sciences Corporation

¢ Orion America Technologies

¢ Qinetiq

e SAIC

¢ SolStar

e Scitor Corporation

NMSU Space Development
Foundation

Oak Ridge National Laboratory
Pennsylvania State University, The
Sandia National Laboratories
Southwest Research Institute
Universities Space Research
Association

University of Colorado LASP
University of Missouri

US Army

Webster University

Wright State University

¢ Sierra Nevada Corp

e Space Exploration
Technologies (Space X)

e Space Florida

e Space News

¢ Space Ops

e Space Systems / Loral

e Space Works Enterprises

e Spaceport America
Consultants

e Spaceport Sweden

e Spaceworks

e Special Aerospace Services

e Tauri Group, The

e Terminal Velocity Aerospace

¢ United Launch Alliance

o UP Aerospace

e Virgin Galactic

e Wyle Integrated Science and
Engineering Group

¢ XCOR Aerospace, Inc.

COE CST would like to thank the Florida Space Grant Consortium for sponsoring the Welcome Reception
at the Fifth Annual Technical Meeting in Arlington, VA.
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COE CST YEAR 5 PUBLICATIONS AND PRESENTATIONS
The following is a list of the 29 publications and presentations completed during COE CST Year 5.

TASK 186 - SPACE ENVIRONMENT MMOD MODELING AND PREDICTION (SU)
e Li, A,, and Mason, J. Optimal Utility of Satellite Constellation Separation with Differential Drag 2014
AIAA/AAS Astrodynamics Specialist Conference. AIAA 2014-4112.
e Li, A, and Close, S. Mean Thermospheric Density Estimation derived from Satellite Constellations.
Advances in Space Research 56 (2015),pp. 1645-1657. DOI: 10.1016/j.asr.2015.07.022
TASK 220 — SPACE OPS FRAMEWORK (NMSU)
e 32" Annual International Test and Evaluation Symposium (ITEA) August, 2015, Arlington, Virginia -
presentation by Hynes
¢ Range Commanders Council: February, 2015 Edwards Air Force Base

TASK 241 - HIGH TEMPERATURE, OPTICAL SAPPHIRE PRESSURE SENSORS FOR HYPERSONIC
VEHICLES (FSU)

e 1. H.S. Bal, "Characterization of Sapphire: For Its Material Properties at High Temperatures,"
Master's Thesis, Florida State University, 2015.

e Bin, J., Oates, W., Hussaini, M.Y., “An analysis of the discontinuous spectral element method for
elastic wave propagation in a heterogeneous material,” Computational Mechanics, v. 56(4), p. 789-
804, 2015.

e J. Collins, W. Oates, D. Blood, D. Mills, M. Sheplak, "Experimental Investigation and Modelling of
Laser Machining of Sapphire for High Temperature Pressure Transducers," AIAA SciTech Meeting,
Orlando, FL, 2015.

TASK 304 - INSURERS AS REGULATORS OF SPACE SAFETY AND SUSTAINABILITY (MCGILL
UNIVERSITY)
¢ Risk Management in the Intermediate Frontier, 3rd Manfred Lachs International Conference on
NewSpace Commercialization and the Law (Montreal) March 2015
e Leveraging Insurance for Commercial Space: Managing Legal and Regulatory Challenges, 31st
Space Symposium (Colorado Springs) April 2015
o Debris Mitigation as an Insurance Imperative, IAC (Jerusalem) October 2015
¢ Innovations for Insurers in Space Traffic Management and Weather Forecasting, Space Traffic
Management (Daytona Beach, FL) November 2015
e Legal Considerations for Commercial Space: An Overview in New Space Volume 3: Issue 2 (2015)

TASK 244 - AUTONOMOUS RENDEZVOUS & DOCKING FOR SPACE DEBRIS MITIGATION (UF)
e Sharma, C. Ordonez, and E. Collins, “Robust Sampling-Based Trajectory Tracking for Autonomous

Vehicles,” 2014 IEEE International Conference on Systems, Man, and Cybernetics, San Diego, CA,
Oct 5-8, 2014

TASK 311 - ROBUST AND LOW-COST LED ABSORPTION SENSOR FOR SIMULTANEOUS, TIME-
RESOLVED MEASUREMENTS OF CO AND CO2 (UCF)
o Kyle Thurmond; Zachary Loparo; W.P. Partridge Jr.; Subith S. Vasu; “A Light-Emitting-Diode (LED)
Based Absorption Sensor for Simultaneous Detection of Carbon Monoxide and Carbon Dioxide”,
Applied Spectroscopy, accepted, 12/2015.

e J. Urso, M. Villar, K. Thurmond, Z. Loparo, W.P. Partridge Jr., J. Kapat, S. S. Vasu, Robust Sensors
for Spacecraft Fire Detection, Center of Excellence for Commercial Space Transportation Annual
Technical Meeting (ATM 5), Washington, D.C. , 10/2015.

e K. Thurmond, Z. Loparo, J. Urso, W. P. Partridge Jr., J. Kapat, S. S. Vasu, “A Robust Fire and
Hazard Detection Sensor for Space Vehicles Using LEDs”, Commercial and Government
Responsive Access to Space Technology Exchange (CRASTE) 2015, Chantilly, VA, 6/2015.
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EXECUTIVE SUMMARY

K. Thurmond, Z. Loparo, W. P. Partridge Jr., J. Kapat, S. S. Vasu, “Low-mass, Robust, and Low-
Cost LED Absorption Sensors for Simultaneous, Time-Resolved Measurements of CO & CO2”, 18th
Annual FAA Commercial Space Transportation Conference, Washington, D.C., 2/2015.

TASK 186 — MITIGATE THREATS THROUGH SPACE ENVIRONMENT MODELING/PREDICTION (CU)

Rastatter, L., J-S. Shim, M. M. Kuznetsova, L. M. Kilcommons, D. J. Knipp, M. Codrescu, T. Fuller-
Rowell, B. Emery, D. R. Weimer, R. Cosgrove, M. Wiltberger, J. Raeder, W. Li, G. Téth, and D.
Welling (2016), GEM-CEDAR challenge: Poynting flux at DMSP 1 and modeled Joule heat, Space
Weather.

Fuller-Rowell, T. J., T.-W. Fang, H. Wang, V. Matthias, P. Hoffmann, K. Hocke, and S. Studer
(2015), Impact of migrating tides on electrodynamics during the January 2009 sudden stratospheric
warming, in Longitude and Hemispheric Dependence and the Lower Atmosphere Connection,
Geophys. Monogr. Ser., edited by S. Basu, T. J. Fuller-Rowell, E. Yizengaw, and P. Doherty, John
Wiley & Sons, Ltd, Chichester, UK.

Fong, W. C., X. Z. Chu, X. Lu, C. Chen, T. J. Fuller-Rowell, M. Codrescu, and A. D. Richmond
(2015), Lidar and CTIPe model studies of the fast amplitude growth with altitude of the diurnal
temperature "tides" in the Antarctic winter lower thermosphere and dependence on geomagnetic
activity, Geophys. Res. Lett., 42(3), 697—704, doi:10.1002/2014GL062784.
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