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NASA STMD ensures American global
leadership in space technology

Global Economy

Global Space Economy

The U.S. Space Economy

The U.S. Government
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and Spinoffs



The Roll-Out Solar Array (ROSA) Story

2014 20kW Ground Demo
GCD/ TDM

2009 First NASA SBIR Phase |
Propulsion Element

Global Space Economy 2019 STTR CCRPP
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The U.S. Space Economy

The U.S. Government

2021 ISS Solar Array
Deployment
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conomic Growth,

Commercialization

O ‘ 2008 First SBIR
from AFRL
2008
== DSS Founded
2012 SBIR Phase lll for multi-mission SUTUSL TIEee Y :' el . @W’\%
space exploration vehicle wings i > v L. % T

& Spinoffs

2021 Redwire acquisition of DSS; Planned Redwire

Initial Public Offering (IPO)



Inngvation Drives °
L ey S : ‘ Laser for SHERLOC (Photon Systems, Inc.)

‘ Space suit material calibration target for SHERLOC (ENGI-MAT)

High-rate, high-energy-density, lithium-ion
rechargeable batteries (Yardney/Eagle Picher)

Witness plate assemblies
(Honeybee Robotics, Ltd.)

MEDLI2 (Mars Entry, Descent and
Landing Instrumentation 2)

MEDA (Mars Environmental
Dynamics Analyzer)

TRN (Terrain Relative Navigation)

A
»..
Six-axis force-torque transducer }

(ATI Industrial Automation, Inc.)

Lander Vision
System (JPL)

Robotic arm
(Motiv Space Systems)

Scroll compressor (Airsquared)

Dust mitigation tool
(Honeybee Robotics, Ltd.)

MOXIE (Mars Oxygen In-Situ
Resource Utilization Experiment)

These Mars Rover
technologies are also useful
here on Earth for everything

from safer autonomous

Synthesizing Flight Software (FSW) Discrete Controllers
from Formal Specifications (JPL)

vehicles to helper robots in

Flight hospitals. To learn more,
‘ CIF ‘ STRG ‘ SBIR/STTR ‘ Opportunities visit spinoff.nasa.gov.



SPACE TECHNOLOGY PORTFOLIO
TECHNOLOGY .

TEGHNOLOGY DEMONSTRATIONS‘

@ gg;ﬂé:ms MATURATION - Technology Demonstration’
| - Game Changin Missions
PARTNERSHIPS - Small Business Developmel?t x - Small Sp}g(:\ecrait Technology
id 'EARLY STAGE AND TEGHNOLOGY Innovation Research - Lunar Surface - Flight Opportunities

# INNOVATION TRANSFER - Small Business, . Innovation Initiative =]

-+ NASA Innovative - Technology Transfer . Technology Transfer b

&,J;\'dvanced Concepts - Prizes and Challenges = - | v 2

v <Space Tech . ingh E

~ Research Grants
* - Genter Innovation Fund/
Early Career Initiativ_éf_; ’




Space Technology Research Grants Program

Engage Academia: tap into spectrum of academic researchers, from graduate students to senior faculty members, to examine the theoretical
feasibility of ideas and approaches that are critical to making science, space travel, and exploration more effective, affordable, and sustainable.

Grasping onsurfaces Assistive
NASA Space TeCh nOIOgy “ TAD1 796 A d 116 U . _t_ . mrm;‘:‘gsg rather than grapplitig free-flyer
Graduate Resea rch ‘\’ Launch Propulsion war s nlvers' les Observazoriesam; Ptures
q 24 Awards ;Z’SZ’SV“EZ’S /‘
ey ® . wards A Articulated wrist
Opportunities 44 States 1 Territory (PR) am {W__
NSTGRO TAO2 TA09 | - é
( ) In-Space Propulsion Entry, Descent & Landing ! Adhesive film for
8l 74 Awards 82 Awards attaching toflat and
curved surfaces
Early Career Faculty TAO3 : . AT
(ECF) ::Z:;psotzre;gi .. Nanotechnology Photo Credit: http://bdml.stanford.edu/Main/AdhesionNASA
39 Awards . . e, o 40 Awards
P .. oy '\H[ Biomimetics & Dexterous Manipulation Laborctory\ﬁ
Q
. TAO4 TA11
Early Stage Innovations ARobotcs& e . :. Modeling, Simulation, IT &
utonomous Systems Y L] Pr in,
(ESI) S heres W ‘- e W
° e L) LIPS
L ]
TAOS .. “ee o sy o ANAE
Communications, Navigation & ® PR N;;Z_:Z':}fjf’g;:g;s;
LU nar SU rface Oriital Debuis Tiacking 2 & Monufacturing
s 82 Awards 98 Awards
Technology Research oe .
oye ’ TA13
(LUSTR) OppO rtunltles ‘ ZZ’;:;:;ZGM' Life Support & Ground & Lounch Systems
55 Awards 1 Award
°
. >
Space TEChnOIOgy . IﬁgZExpiomtion rhermav'Mana;—:‘nili ESI17 - Havdn Wadl /U . it f\firgini
. g Destination Systems 31A d - Aaydn adliey/university o Irginia
Research Institutes 32 Awards 300+ Acti A d R Created new structural lattice materials with
ctive Awaras
(STRl) double the strength of currently used
honeycomb sandwich structures.

STRG accelerates the development of groundbreaking high-risk/high-payoff low TRL space technologies



NASA SBIR/STTR Program

As a program under STMD, the NASA SBIR/STTR program funds the research, development,
and demonstration of innovative technologies that fulfill NASA needs.

NASA’s SBIR/STTR Program has awarded more than $3.3

S _ billion to research-intensive American small businesses
O_. 0O | .
ARLES Engineers and scientists from more than 12,000

small businesses in all 50 States, DC and Puerto Rico have
participated

AN
o

(

National Aeronautics and Space Administration



NASA SBIR/STTR Funding

NASA SBIR/STTR PHASES

PHASE |

Idea Prototype
@ Generation } {@ Development
$125,000 $750,000

SBIR 6 months 24 months
STTR 13 months

PHASE I PHASE Il

E’ Infusion/

oo Commercialization

Non-SBIR
Funding

POST PHASE Il OPPORTUNITIES

PHASE Il - E CCRPP
Reqgs matching funding Regs matching funding

6 to 12 months 24 months

National Aeronautics and Spar



Success Story \ Techshot

3-D Bioprinter Overcomes Gravity by Printing
Living Tissues in Space

POST-AWARD SUCCESS:

More than S5 million external investment attributed to BFF,
including $2.5 million from ISS Program

SNAPSHOT:

Techshot, Inc., based in Greensville, IN, is the first U.S.
company to 3-D print organic products on the International
Space Station (ISS). The company’s BioFabrication Facility
(BFF), developed in collaboration with nScrypt, Inc., prints in
space to overcome the effects of gravity on Earth, which cause
3-D printed tissues to disform under their own weight.
Techshot’s BFF was launched to the ISS supported by the NASA
SBIR/STTR program in 2019. The company has since worked
with NASA and other customers, valuing BFF’s external
investments at more than $5 million, including $2.5 million
from the ISS Program.

Read more about Techshot’s success on

sbir.nasa.gov



file:///Users/jgusteti/OneDrive%20-%20NASA/My%20Documents/MDs%20and%20Offices/STMD/ESI/Strategy/Success%20Stories/007-Techshot_SuccessStory_41221.pdf

Success Story | TechShot

Our company has been able to
provide jobs in a rural area in
a hon-space state, and we
really tie that back to the SBIR
program.

Astronaut Jessica Meir is using the BFF at the
International Space Station.
Photo courtesy of Techshot
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Prizes and challenges:
approaching innovation
=4 differently

¢ Complements other NASA approaches to

solve technological problems, with a
unique set of strengths:

Targets solutions, not proposals;
awards performance

Increases number and diversity of
participants addressing a problem

These opportunities can be accessed by the public on
the NASA Solve website: WWW.NASA. gov/solve



Lunar Surface Innovation Initiative and Prizes

N2 NASA Tournament Lab AL

NASA

o Share H 77 Follow (1.7K) |

Honey, | Shrunk the
NASA Payload

Give a tiny bot a new set of tools to explore the moon.

Share your ideas for a mini payload to make lunar
exploration more effective.

Government Science Space

Stage: Prize:
Judging Closed $160,000

R - — SRS

NE  NASA Tournament Lab
14 Winners Awarded: July 14, 2020




SUBORBITAL FLIGHT TESTING — A STEPPING STONE...

Evaluate performance in harsh conditions
of space that are difficult to replicate in
ground-based testing

Obtain data to increase technology
readiness level (TRL) and gain more
assurance of success for future missions

Refine experiments to reduce risk for
orbital missions (CubeSat, International Space
Station, lunar mission, etc.)

Tech Flights solicitation provides grants for
suborbital testing with commercial providers.

FLIGHT OPPORTUNITIES
A
O

64

< A

e

MOON

.‘ v
SBIR companies with a Phase | can request ¢ (@)
suborbital testing via a Phase Il or partner RABS, CINVEETIE) K1, PRANIOLIC S IILOE.  ROCKET ROWHRD A ST SATRLAITES
with Flight Opportunities on a Phase II-E/X GROUND SUBORBITAL FLIGHTS ORBITAL MISSIONS

National Aeronautics and Space Administration



FLIGHT OPPORTUNITIES SUBORBITAL TECHNOLOGY FLIGHT TESTING

BETWEEN 2011 AND THE END OF FY2020, FLIGHT PARTNERS:
FLIGHT OPPORTUNITIES... ,

Y BLUE ORIGIN  Masten
» Supported 196 successful fights ~

(@) rerospace @>/ 4
« Enabled 692 tests of payloads rerospace 7ero G
* 268 technologies in the portfolio T )woroview' R AV E N Ngé
« 12 active commercial providers W NANGSTR,—\M BlackSky

—besiens — STRATODYNAMICS )\ o mr

," (y ey Bl E
S TR »
| '

( —_—

___ e e

\_4-

Photo Credit: Virgin Galactic




NASA FLIGHT OPPORTUNITIES

PlanetVac

Honeybee Robotics

What It Is
This pneumatic device attaches to the leg of a lander vehicle and enables fast, simple, and reliable
collection of regolith for analysis.

Why It Matters
The technology addresses one of the most difficult and important tasks for planetary exploration:
collection of surface samples on the Moon, planets, asteroids, and other celestial bodies.

Transition Outcomes

FLIGHT TEST MILESTONES

» Tested in the Mojave Desert in a simulated landing, performing exactly as planned
» Successfully collected more than 300 grams of simulated regolith
» Established device’s ability to quickly and efficiently collect samples

TX04: Robotic Systems

Photo credit: Honeybee Robotics

FLIGHT PROVIDER

* Masten Space Systems



NASA FLIGHT OPPORTUNITIES

Vibration Isolation Platform

Controlled Dynamics

What It Is

The vibration isolation platform is a payload mounting interface that includes active stabilization and 6-
degree-of-freedom, non-contact isolation for suborbital and orbital flights. It allows a payload to be
undisturbed and float freely in the sway space of the platform.

Why It Matters

By isolating experiments from disturbances of the crew, host vehicle, or other experiments—reducing the
ambient flight environment by more than two orders of magnitude—the vibration isolation platform
provides greater and more economical access to high-quality microgravity.

FLIGHT TEST MILESTONES

+ Demonstrated robustness with sensitivity studies
+ Demonstrated performance through simulation
* Demonstrated high-performance vibration isolation capabilities in freefall

NASA TX08: Sensors and Instruments

Photo credit: Controlled Dynamics

FLIGHT PROVIDERS
* UP Aerospace

* Blue Origin

+ Virgin Galactic



STMD Enabling Technology Innovation on
ISS

The International Space Station enables critical technology development necessary for testing in
a realistic space & operational environment

¢ ISS serves as a key interface to space and operational environment testing of specific technology development experiments

» Reduces the risk associated with requiring: qu operational System to test a single experiment
» Provides critical capability for human and robotic space exploratlon beyond Low Earth Orblt (LEO)

+» Key technologies requiring these enwronments mcIude ﬂUId Iransfer autonomy, in- space manufacturmg andassembly,
S. 3= . hd . i Kyp A - .
biologicals, materials, food productlon and ECLSS

L

+* Flight Opportunltles funds sub-orbital testing in order to valldate testln and/or hardware prior to ISS flight.

Space Operational
. =pdce . Environment Testing:
Environment Testing . EVA
*  Microgravity :
* Robotics
* Thermal :
e Shirt Sleeve
* Vacuum

* |SS Operational
Systems
* Biological

* LEO radiation
e Solar Heating

17



STMD Technologies on ISS

s>

ISARA & & : S e
3D Printing in Zero  TechEdSat 6 Zero Boil-Off Robotic Refueling Radio Frequency glEEe
Gravity Technology CubeSats Gecko Gripper ~_  Tank (ZBoT) Mission 3 (RRM3) = Mass Gauge Astrobee ~ Fablab

s

( \:f'_f\' L

Vibration Isolation  Station Explorer Effects of Refabricator
Platform For X-ray Timing Microgravity on

and Navigation Intracranial

Technology Pressure
(SEXTANT)

18
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+

e Utilize commercial end-to-end delivery services A \Skitcrl DRAPER
to enable access to the lunar surface. AsTROBOTIC

vl <=

* CLPS Providers are required to “accommodate” _ I
the needs of the payloads. ‘m@!q&_ri@ |“= wne i QUL ESMIE)  Masten

MOON EXPRESS

e Sponsored (programmatic and funding) by the

Science Mission Directorate in support of NASA’s P @
science, human exploration and technology seacex  GNBEE.. Bnré'ﬁ(cm robofices Tyvak
goals.

* NASA wants to be a marginal customer, one of many payload providers. NASA does not intend to manage or direct
these commercial missions.

* Master contract awarded to vendors to safely integrate, accommodate, transport, and deliver NASA payloads using
contractor-provided assets, including launch vehicles, lunar lander spacecraft, lunar surface systems, and associated
resources.

National Aeronautics and Space Administration



Deliveries to the Lunar Surface

/
4

& e ESSIO

» Payloads and Research Investigations from the Surface of the Moon (PRISM)
 PRISM is SMD’s primary method of soliciting payloads for delivery to the Moon via CLPS

« Solicitations will typically state the location for each delivery, allowing Pls to propose scientific
investigations optimized for those locations

(@)

(@)
O
O

High-value ‘location agnostic’ and campaign investigations will be the focus of a future PRISM call
PRISM instruments will feed the manifests for Task Orders for deliveries from late 2023 onwards
Can be expanded to include orbital payloads

Payloads from international partners and other NASA mission directorates may also be identified in a
PRISM call to reduce redundancies in proposed science

International contributions to PRISM investigations may be included at up to 30% the total cost of the
investigation

o Other Mission Directorates may use PRISM, or their own solicitations (e.g. such as STMD'’s Tipping Points,
LUSTR, SBIR sequentials, Challenges, NIAC Ph. lII’s, etc.) / directed work to identify payloads to fly on CLPS.

o Each CLPS delivery will be a mixture of Science, Technology, and exploration related payloads

o International contributions are accepted on an Agency to Agency basis, or int’| partners can go directly to a
CLPS vendor to fly their payloads without partnering with NASA.

_ .






