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THE BROAD SCCPE‘OF AST R&D
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CST RESEARCH TOPICS*RE-LEVA‘NT TO REDAC SAS

. Research affectlng the
atmospherlc operatlons

~« Research on vehlcle safety
‘technologies (i.e. sensors,
structural health.monitoring,

o

etc.

———-



Proposed Plan: AST R&D Road Map

Mid-Term (4-10 years)

Long-Term (11-25 years)

DSTPRTVRN cor-Term (1-3 years)

375-DLR Interoperable Air & Space Traffic Mgt

97 FIT Thunderstorm Electrical Parameters NEW
380 NMSU Spaceport Operations Guide

186 SU Probabilistic Debris Models

367 CU CubeSat Tracking

371 NMSU/UTA Space Object Database

%
Lightming Tools

A
AWAM
_Flpa e%

|

372 CU Resident Space Object Systems
399 UCF SSA Uncertainty

406-ARC Aircraft Vulnerability Testing-Modeling
407-ARC Conditional Risk Investigation
409-ARC Malfunction Trajectory & Risk Modeling

- smRd

dicnps, ¥

|
—— e

11
FHT
Ny
111

410-ARC Improved Population Clustering

1

Aerospace Vehicles A":Eésﬂ:ﬁﬂags ;

o A

ASFP Physiological Limuats

Industry Safety
Dagi:va.sc Vv x

353-UTMB Human Factors - Physiological Focus

SFP Training Template AEmergency Medical Standards

400-UTMB Occupational Health Standards

Generic EE{LD%EI %E‘E&f’]ss T?_:idooff

396-CU Life Support for Comm’l Space Apps

Human Ops &
Spaceflight

- Human Factors Standardsd,
398-FIT Human Input Systems NEW N e

e SRS
AR

376-FIT/MU Cross-Border Suborbital Legal Issues

-

-

T —

Industry Innovation

Semptismis

Sl

ASC = Aircraft

AFSS - Autonomous
Flight Safety
Systern

COLA - Collision
Avoidance

COPV - Compasite
Overwrapped
Pressure Vessel

C5il - Commercial
Space Innovation
Institute

DB - Database

ECLSS - Environmental
Control and Life
Support System

ELV - Expendable
Launch Vehicle

HRV - Highly Reusable
Vehicle

IVHM - Iintegrated
Vehicle Health
Monitorin

NAS - National Air
Space

PBR - Performance
Bosed

Regulations
Ff - Prabability of

Failure

RLV - Reusable Launch
Vehicle

SFP - spaceflight
Parﬁciga'ﬂﬁ:r

WAM - Whole
Atmosphere
Model



DISCUSSION OF RELEVANT.-:_C_ST RESEARCH TASKS

| _'Seoaranon Standards (Caotlve Carrv)

. e Carbon Overwraoped Pressure Vessel Safetv

-+ 375-DLR: Interoperable A|r and b i = 377-NMT: Nitrous Oxide

- Space Traffic Mgt i oo R Composﬂe Case Testing |
Lightning Tools oy i Highly Reusable Vehicle Practlces ! |
« 397-FIT: Thunderstorm Electrlcal @ +241-FSU: High Temperature, Optlcal Sapphlre
- Parameters Measurements . e * Pressure Sensors for Hypersonic Vehicles

Populatlon CIusterAnaIvses : -« 253-UCF: Ultra High Temperature Composntes
| . Eor.Lhermal Protection Systems
 410-ACTA=ImprovediRopulationt€llstering o §19-UGH: LED-Eeren Lo e
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e 407 -ACTA: Conditional Risk Investlgatlon e, e~ —
+ 409-ACTA: Medium Fidelity Malfunction Human Factors Standards T4
Trajectory & Risk Modeling | +:398-FIT: Human Input Systems for i'i 2

Commercial Space Transportation®™



Task 375. Interoperabl Air and Space Traffic

Management
PROJECT AT-A-GLANCE Traffic ImFact Modellln% for suborbital flight DLR
profiles over Northern Germany
* PRINCIPAL INVESTIGATOR: Sven Kaltenhaeuser
» Team: Dr. Dirk-Roger Schmitt, Frank Morlang
FFFF IS “bx‘p\ FEF LS

* DLR German Aerospace Center, Institute of Flight
“ by = ¢ ™
» STUDENT: Lisa Zetsche | | |

Guidance
RELEVANCE TO COMMERCIAL SPACE o f FIESEFETE time
“INDUSTRY

Mumber of fhghts

Spaceplans Trajectory
Hazard Arca .
-

+ With global growth of the commercial space
industry there is a developing demand for space
flight operations in and over Europe. Air Traffic - Spaceport
anagement (ATM) is playing a Key role to address
this challenge. —— R e

+ The ﬁ;oal is to prepare the European ATM system to
enable a safe integration of space vehicle STATUS

ﬁeranons (SVO) in a sustainable and efficient way. o 1aporative work between DLR and FAA-AST on interoperable

ble global ti t bility of
|mp?gr?ier?tgdote%h?l%el?g|Ie?sn:rulcrj] F?rrggeecgﬂrelzgsoan solutions for improved integration of space flight operations into ATM.

essential requirement and a specific focus of the + Secure SWIM application enhancing security of SWIM data
DLR work program.. consuming client for ATM integration of commercial space =
STATEMENT OF WORK . Usae é;ase analysis,lmogeling and simulating sfuborbital fllight profiles —_——— —
o termining related airspace restrictions for an application ——
+ Categorization of relevant space flight operations and deter —
and assessing their impact on_European airspace scenario in Europe S ——— =

using the DLR Space and Air Traffic Management ECONOMIC IMPACT

(SATM) testbed. * Provision of concepts and technical solutions enabling sustainable
. Dev&lopm%t of measures and procedures for and interoperable space flight operations in EU& US.

enabling efficient ways to optimize airspace usage

for space flight operations while minimizing FUTURE WORK

airspace segregation. + |dentifying optimization potential of operational mechanisms and

+ Development of concepts and prototypes for a procedures for SVO in a Pan-European aviation system

seamless, safe and secure iqulementation of space « Applying advanced ATM concepts such as Flexible Use of Airspace,
flight operations into the ATM flight planning and Flight Centric ATC and Dynamic Sectorization

control processes using System Wide Information
Management (SWIM) and related open and
standard mainstream technologies.

» Enhanced functions for space flight SWIM services including all ATM
planning and execution levels.




397 FIT: THUNDERSTORM ELECTRICAL PARAMETERS

TASK DESCRIPTION

* Beyond vehicle and payload issues, weather has been the smgle Iargest source of Iaunch
delays and scrubs on the Eastern Range The current growth rate of the commercial space
- sector means that there will be continued and increasing weather delays and scrubs for the
- commercial launch operator. One way to minimize launch costs is to reduce the uncertainty
associated with the cloud rules that protect a launch vehicle by preventing its interaction with .
natural lightning or a lightning strike triggered by the vehicle during a launch. By better
understanding the environmental conditions that indicate initiation and cessation of
thundercloud electrical activity, a more reflned electric field threshold could be introduced
leadingstora reIaxat|®n offthe Cleud 2Ultimatelysthis WI|| Iessen the percentage of

[EVe CEEYS diwithithe lightning [Emnldh] fcommitiCriterianthus

“promoting‘the cemmerc;lal Iaunch _ S
"";E»IMPA'C'T*STATEMENT** T T S e

= e R —— -
ST m_

» The objectives of this proposal will Iead totrefln‘e'm' 'e'n't eX|st|ng regulatlons speC|f|caIIy the== '?%
code of'federal regulations (appendix g to part 417) andiwill Iead t""develepmentréf'lmpr.oved —

A regulatory criteria and improved management of safety. of launch and'reentry: vehicles.As.a.
- result, the goals of this project are aligned with those of AST-1 (improved management of .. -
safety of public and property) and ASZ-200 (development of improved methodologies for
evaluating the safety of public and property).



PROJECT AT-A-GLANCE
| e COMPANY: ARCTOS

e PRINCIPAL INVESTIGATOR(S): Dr. Wenshui Gan,
Dr. Wije Wathugala, Dr. Erik Larson

e TECHNICAL MONITORS: Dr Paul Wilde

RELEVANCE TO COMMERCIAL SPACE INDUSTRY

e Improved population modeling to provide better
estimate of Maximum Probable Loss which affects
availability and insurance requirements in space
launch industry

410-ACTA: Improved Population Clustering

STATEMENT OF WORK

B ¢ Gather Imagery data on unsheltered populations in

recreation, spectator and transportation areas

. o Develop a mathematical model based on the data that

estimates the clustering of people

e Implement model into the CRTF/RRAT software

e Develop a fast-running version to improve speed

e Evaluate effects of new model in MPL estimation by
comparing old and new models using past missions

STATUS

e Developed an improved population clustering
model

e Implemented the new model in CRTF/RRAT
e Complete FRM implementation ——

ECONOMIC IMPACT s

e May result in reduced insurance requirements for
launch providers and increased launch availability

FUTURE WORK
e Perform model validation and evaluation




406-ACTA: Composite ircraftVuIbiIity I\/Ioeing

PROJECT AT-A-GLANCE
e COMPANY: ARCTOS

e PRINCIPAL INVESTIGATOR(S): Ryan
Schnalzer, Jerry Haber

e TECHNICAL MONITORS: Dr Paul Wilde

RELEVANCE TO COMMERCIAL SPACE
INDUSTRY

e Addresses vulnerability of composite-based
aircraft
e Improves upon existing Aircraft Hazard

modeling approach

Materials used in 787 body

Fiberglass B Carbon laminate composite Total materials used
B Aluminum Carbon sandwich composite By weight
Aluminum/steeltitanium Other

Steel 3% Compaosites

anium
15%

Aluminum

20%

By comparison, the 777 uses 12 percent
composites and 50 percent aluminum

Mayak, N. V., 2014 Composite Matenals in Aerospace Apphications, Inlermational Journal of Scientific and Research
Fublications, 4(4), (2250-3153)

STATEMENT OF WORK

° Eﬂeréoqm Experimental Validation of Penetration
ode

e Finalize an Updated Penetration Model

e Develop PAVM Model for Commercial Jet
Transports with significant composite material
makeup and assess lessons learned for
aluminum skinned aircraft

e Evaluate of level of conservatism in Aluminum
Aircraft Vulnerability Models for Jumbo
Commercial Transport, Commercial Transport,
and Business Jet classes

STATUS

e |dentified composite aircraft geometries/thicknesses and
composite material characteristics for penetration
characterization

ECONOMIC IMPACT

e Analysis may result in adjusted hazard area requirements
which would impact the commercial aircraft industry fuel
costs

FUTURE WORK

e Execute material testing and evaluate results
e Update models to account for composite structures and
update event tree




407-ACTA: Conditional isk Ivestiion

PROJECT AT-A-GLANCE CEC =1x 102
e COMPANY: ARCTOS /|
e PRINCIPAL INVESTIGATOR(S): Dr Wije ,/ _'
Wathugala, Dr Steve Carbon, Dr. Erik Larson ¢+~ jo.o % -
e TECHNICAL MONITORS: Dr Paul Wilde : ' = ‘-\
RELEVANCE TO COMMERCIAL SPACE § | : |
INDUSTRY
e Techniques will be developed to help compute risk e -t
of multiple casualties to the public in the event of a
launch or reentry mishap Time |
STATEMENT OF WORK STATUS
e Assess the sensitivity of the conditional risk e Completed analysis of over 160 mission segments to
metric to input data, failure mode definition and study the effect of uncertainties in fragment <
simulation parameters catalogue, local winds, population models, and Q- ——
e Develop a guidance document on the alpha threshold ~e—

computation of conditional risk including
assumptions, guidelines and processes

ECONOMIC IMPACT ——

e More accurate determination of FSS requirements.
e Can lead not requiring FSS when not needed

FUTURE WORK

e Complete analyses and develop guidance document
in support of Part 450




409 ACTA Med. Fidelity Malfunctlon Trajectory & Rlsk Modellng

PROJECT AT-A-GLANCE
e COMPANY: ARCTOS

e PRINCIPAL INVESTIGATOR(S): Dr. Wije Wathugala,
| Dr. Erik Larson, Dr. Steve Carbon,
Mr. Troy Owens

e TECHNICAL MONITORS: Dr Paul Wilde

RELEVANCE TO COMMERCIAL SPACE INDUSTRY

e Techniques will be developed to reduce the rigor
required to complete a launch flight safety analysis
when appropriate for a given mission’s characteristics

STATEMENT OF WORK

e Develop a medium fidelity approach to capturing
the dispersion due to malfunction (off-trajectory)
flight that accounts for vehicle structural limits

e Implement the approach in the prototype tool and
evaluate comparisons to high-fidelity modeling

e Investigate options to incorporate flight safety
limits and flight safety systems in medium fidelity
risk assessments

ARCTOS |41

STATUS

e Performed analyses to obtain launch area breakup
vectors for different Q-alpha and time segments to
understand any patterns ——

e Evaluating modeling techniques to determine best \
approach

ECONOMIC IMPACT

e Reduces cost of analysis (time/labor) to perform
Flight Safety Analysis, especially in terms of
reducing data development

FUTURE WORK

e Develop prototype modelling code to demonstrate
concepts Slide




Task 377. Nitrous Oxide Composite Case Testing Nm

SCIENCE = ENGINEERING « RESEARCH * UNIVERSITY

PROJECT AT-A-GLANCE Conﬁguratlon (pressure chamber assembly)

« UNIVERSITY: New Mexico Tech Quicklvalvemirinlet Projeciilelassembly
+ PRINCIPAL INVESTIGATOR(S): Seokbin (Bin) Lim, Andrei % .-

/ ® One-way valve Barrel valve |

Zagrai

» STUDENT(S): Luis Ortega, Chris Rood, Matt Hirsh, Angel
Chavira, Steven Palmer Pressure chamber

+ TECHNICAL MONITORS: Ken Davidian

Piston Piston rod I

Gun barrel

RELEVANCE TO COMMERCIAL SPACE INDUSTRY

+ Develop an understanding of fragmentation hazards from
composite tanks used for fuel/oxidizer storage

* Develop a testbed for evaluating different storage tank
materials or configurations at small and large scales

STATEMENT OF WORK _ 1D extreme tension test configuration

+ Develop methods/hypothesis to predict crack formation
behavior

» Construction of analytical approach to predict such behaviors
(1D extreme tension theory STATUS

|+ Molecular Dynamics (MD) code simulation of the extreme
tension event for further validation

* Preliminary results from the MD code: Favorable agreement
between the analytical models and the MD code results

. Ririldi ; : ; * In order to realize the extreme tension behavior, an air-gun
Building a 1D extreme tension test conﬂ_cuijnratlon system (projectile speed ~1km/s) is in the middie of
— U2 construction. This system will be used to create the 1D-
impact driven tension of the sample.

FUTURE WORK

. Detﬁiled MD code analysis to understand the tension wave
profile

» Experimental validation of the 1D impact-driven tension
condition of the given samples

» Construction of tension isentrope (or Hugoniot) graphs/EoS
in a way to provide a material data library to be used in the
given applications

Tension & Crack area




as 241. High Temperature, Optical Spphire
Pressure Sensors
PROJECT AT-A-GLANCE

» UNIVERSITY: Florida State University ‘ ”

| |

» PRINCIPAL INVESTIGATOR(S): William S. Oates, I L N
Ra]an Kumar '_;I-‘I:II '_.Ir-"\I' '.:I-||:|I

» STUDENT: Jakob Consoliver-Zack -

RELEVANCE TO COMMERCIAL SPACE INDUSTRY A M B -

» Structural health monitoring and control of space 22z (MR (Al £.|
vehicles. Enhancement of residual = § ¢

sfres}s fredf'crionj mes,z?jgh; ﬂ .| J
resoilnon x-ra ala. all ¢

STATEMENT OF WORK pfe}:aked recf!’lI di‘s{gburfgns [ | %

» Research is focused on advancing high temperature show greatly requce TER e tAml UL
pressure sensor technology for sgnsr;?rs thatpcan sustain ~ Uncertainty of residual stress. Chi s
elevated temperatures (T >1300°C) and high pressures. STATUS

) ﬁzsc?'n?r:gg gg;ﬁﬁ?g%@gﬁ;ﬂ;ﬂtal understanding of laser . Higl'|1 resdolution x-ray data of sapphire has been taken and

analyzed.

+ Facilitated techeology lrensmon o sensor structur:es + Modifications to the spectra statistical model were made to
> + Fracture and fatigue resistance studied through high reduce code redundancies and improve uncertainty

_____ temperature material characterization quantification :
+ Advantage: Laser machining produces desirable —
fracture toughness enhancements ECONOMIC IMPACT

+ Better knowledge of aerodynamics for re-launching space
vehicles

* Enhanced rocket engine control enabling better fuel efficiency

+ Better understanding of turbulence and aero-propulsion at
hypersonic speeds.

+ Disadvantage: Expensive machining process requiring
picosecond pulsed, high energy laser

» Approach

+ Use facilities at the National High Magnetic Field
laboratory to understand laser induced material

changes In sapphire FUTURE WORK

* Combine non-destructive x-ray data with advanced - . : -
Bayesian statistical tools to in?'er sapphire residual * Update statistical strain model to be higher fidelity.

stress » Compare cost effectiveness of high and low fidelity models
« Use this information to guide future laser machine * Incorporate Maximum Entropy methods to best utilize all
manufacturing and sensor packaging to produce available data.

reliable high temperature pressure sensors



Tas 25. Ultra-high Temprature Coosites
Thermal Protection Systems

PROJECT AT-A-GLANCE
« UNIVERSITY: University of Central Florida

. ERINFIPAL INVESTIGATOR(S): Drs. Jan Gou & Jay
apa

. gTUDENT(S): Derek Saltzman, Daniel Poljak, Haonan
ong

RELEVANCE TO COMMERCIAL SPACE INDUSTRY

» Ultra-high temperature, light-weight, re-usable and cost-
effective composites thermal protection systems (TPS)
are enabling technologies for viable commercial
spacecraft and launch vehicles.

STATEMENT OF WORK

* Fiber/matrix/coating materials development for thermal
protection systems

. I'\.r‘lanufacturm techniques of polymer derived ceramic
com osnes DCC ) using polymer infiltration and
pyrolysis (PIP) process

« Ground lestmg of PDCC thermal protection systems with
oxyacetylene exposure testing, rocket plume testing, and
shock tube testing at UCF

* Flight testing of PDCC-based solid rocket nozzles and in-
situ sensing for structural health monitoring

+ Thermo-mechanical modeling of polymer derived
ceramics composites (PDCC) thermal protection
systems

Four-Point Bending Testing of Polymer
Derived Ceramic Matrix Composites

0.0z NI LS CLME il

SIrall, M mm

STATUS

* Pre-impregnation techniques of Nextel 610™ ceramic fibers
and carbon fibers with PDC resin system

» Polymer infiltration and pyrolysis (PIP) process of PDCC
composite structures

» Microstructural characterization and four-point bending testing
FUTURE WORK

» The torch test will be conducted on the fabricated composites
to analyze their high temperature performance.

» The panels after the torch test will be analyzed to uncover the
thermal degradation mechanism.

* Hypersonic testing of the composites using rocket plume
testing.




Task 1. Advancet o LED ased

- L niversity ol

Hazardous Gas Sensors for Space Central
- | _ _ Florida
Ap pl ]cat]o ns Grating Sensor Design
Photodiode b
PROJECTAT-A-GLANCE Detector
» UNIVERSITY: University of Central Florida Condenser
+ PRINCIPAL INVESTIGATOR(S): Dr. Subith Vasu onees N
« POST DOC(S): Anthony C. Terracciano, Ph.D. Rotation _
- STUDENT(S): Akshita Parupalli, Zachary Loparo, Justin Slit
Urso Collimating
i L
RELEVANCE TO COMMERCIAL SPACE INDUSTRY P Sapphire enses
« CO, and N.O measurements are relevant to the health and Z/ == % ﬂ @
Safew of the crew. Diffraction Gas ' 4.2 ym
* Time-resolved measurements of these gases could help Grating cCell LED
quickly detect electrical shorts or fuel leaks
STATUS
- STATEMENTOF WORK » The system was tested to increase the wavelength range
oy * A sensor Is used for the detection of CO5 and N,O. and sensitivity. —
* Balloon tests were conducted to wvalidate sensor
responsiveness at micro-gravity conditions across a range of ECONOMIC IMPACT | _ |
temperatures and pressures. * This project shows the potential for replacing expensive
» The results from the balloon tests are used to improve the  lasers with cheaper and more robust LEDs in space vehicles
optical and electrical design. * The overall cost for safety devices can decrease as a result
« A rotating diffraction grating is used in conjunction with a
single LED to scan from 4.7 to 4.6 um. EUTURE WORK
+ Laboratory tests were performed in a fume hood for different  * Increase precision
mixtures of CO-;and N-O balanced in Argon. * Increase range of applicable gases

* The results show the capabilities for detecting multiple gases + Test in more hazardous environments and conduct suborbital
with the use of a single LED. flight




NEW Nadd

Task 323. Structural Health Monitoring
Framework for Commercial Space Transportatlon

PROJECT AT-A-GLANCE

« UNIVERSITY: New Mexico Institute of Mining and
Technology

« PRINCIPAL INVESTIGATOR(S): Andrei Zagrai
« STUDENT(S): Mary Anderson, David Hunter, Dyllian Powell

RELEVANCE TO COMMERCIAL SPACE INDUSTRY

. Infurmationci)rwided by a vehicle’'s SHM system may be
used to predict a component’s remaining life and hence
enable prognosis and mission scheduling in accordance with
current and projected structural performance. SHM data may
also assist in accident investigation if needed.

STATEMENT OF WORK
« Sensor and structural deterioration due to space

w

Froe Bemstedaay | sotalil soms

STATUS

environment » A'pathway to improve sensor models under radiation has
+ We further develop approaches to better understand other been proposed.

+ Portable hardware for acquisition of electro-mechanical
impedance of sensors has been developed

« Software to run electro-mechanical impedance experiments
on portable hardware has been developed.

+ Performance of hardware and software for portable electro-
mechanical impedance acquisition unit has been validated
through experimental testing.

FUTURE WORK

* Explore possibility of multi-channel portable impedance
measurement unit.
« Improve frequency control of the portable impedance
measurement device.

aspects of environmental influences on space systems and
manifestation of these aspects in SHM data.

* Prepare hardware for evaluation of space effects on
structural condition and sensor system.
* In preparation for evaluation of space effects on structural
condition we have developed portable hardware capable of
performing electro-mechanical impedance SHM. At this
point, a single channel unit has been developed.

ECONOMIC IMPACT

» The economic benefit includes avoiding very costly
catastrophic events and reducing maintenance cost by
replacing parts on “as needed” versus “lifespan” basis.

SCIENCE » EMWMXIGQITE@HW :




Task 325. Optical Measurements of Rocket Nozzle

Thrust and Noise

PROJECT AT-A-GLANCE
* UNIVERSITY: Florida State University

* PRINCIPAL INVESTIGATOR(S): Rajan Kumar & Farrukh
Alvi, Jonas Gustavsson

» STUDENT(S): Rohit Vemula, Nikhil Khobragade, Vikas
Bhargav, Timothy Willms, Yogesh Mehta (Post-doc)

RELEVANCE TO COMMERCIAL SPACE INDUSTRY

* Measurement of nozzle thrust and noise is necessary for
the design of future launch and reentry space systems
and hypersonic vehicles. The improved aerodynamic

performance and propulsion system will help increase
payload anaclty and safety for many government and
commercial space transportation programs.

STATEMENT OF WORK

* Development of a research plan based on state-of-art
thrust and noise measurement techniques and discussion
with NASA /commercial launch engineers to ensure the
transition of technology from lab to full-scale.

* Design of a scaled rocket nozzle to simulate realistic
temperature and pressure conditions of the jet exhaust
and carry out thrust and noise measurements in the FSU
free jet lab.

+* Design and develop advanced optical techniques for
thrust measurements and characterize its performance at
controlled conditions.

+ Refine and test the measurement techniques over a wide
range of test conditions.

HPR=T.5 spectra

OASPL (dB)

——HPR=4 NPR=T.5
—— NPR=5 ——NPR=10
——HPR=6 ——MNPR=1}
HPR=F
112
a0 o0 100 110 120 130 40 15D

STATUS o (deg from zozzle wpstream)
+ Thrust measurements using optical methods

» Extensive testing (velocity, pressure and acoustic surveys as
well as load cell measurements) completed

» Implementation of microjet based flow control to delay flow
separation

» Noise measurements in the hot jet facility

FUTURE WORK

» Fluid dynamic and acoustic characteristics of impinging jet
* Noise reduction technique during launch operations

(g oams §




»—Theunteractlon and communlcatlon ‘betweenithelspaceship andithe huma occupantns affectedibyithes

398- FIT: HUMAN INPUT SYSTEMS

' TASK DESCRIPTION -

* The proposed research prOJect on Human Input Systems for Commermal Space Transportatlon (HIS
‘CST) will develop guides for CST industry in area of definition and engineering of CST control input
devices and systems usable in variable gravity with or without a spacesuit. Experimental research
hardware including IVA spacesuit and microgravity head down tilt cockpit simulator will be used to

- simulate spacecraft cabin and.cockpit environment. The FIT’s adaptive spaceship cockpit simulator

- allows smooth transition of individual flight phases in range of 360°
provides higher than generally known existing laboratory systems fidelity and very low risk of simulation,.
enabling quick turnaround of pre-screen research subjects and considering also roles of untrained
spaceflight participants (i.e. general public). The entire system operates at minimal cost. A number of
different input and control devices will be evaluated in nominal and microgravity positions and general

guides_ for design.ofithejinputyandscontrolidevicespwillsbesdevelopediin.conjunction with already
completed —

"~ IMPACT'STATEMENT:= ————— =

T ——

- spaceflight profile context and partlcularly by the |mm|nent enyvironmental:conditions. Humans-physmal —
and cognitive performance changes dependinglonithei&deparntures “d|stance-from.the..ho"rﬁe” — —
environmentior conditions and depending on the' magnitude thedlfference human-adapta’uon-ls elther =——=
fast, slow, or impossible. Every space vessel in'the hlstory of human spaceﬂlght introduced:new: dinput
- systems and as of now there is no standard that would ensure that human can prec:|sely and with M
minimum effort, communicate with the onboard computer/spaceship during variety of spaceflight phases.

This research proposal addresses a human

Transportation that will affect all individuals considering spaceflight and requiring safe and precise
communication with the space vessel. o




~ CONCLUDING RE MARKS e

« AST R&D Contract Fundlng WI|| contlnue
+ AST RGD Grant Funding is endlng |
~« Last allocation was 5Feb2020 = : ﬁ
- COE CST POP End is August 2022 N
. AST Plans to replace COE CST witha
ResearchsConsontium

-~ Formorelinformation’:s gﬂﬁ:‘};{?}g
""'T‘af"’ o Visit

. Download the ST Yeer O Ann : @

~ Report Executive: Summary. TR @ | UF ki
o [Mi1°] Health

« Plan to (virtually) attend the COE CST S
10" Annual Technical Meeting in October... ™ "

Center of Excellence for
Commercial Space Transportation

Federal Aviation Administration
Center of Excellence for
Commercial Space Transportation
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