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Disclaimer
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The NASA SBIR/STTR subtopic workshop was held for informational purposes only
and was an opportunity for the small businesses community to explore and share
ideas related to the general technical topic areas.
In the event of any inconsistency between data provided in this presentation
and the Final Solicitation, the language in the Final Solicitation, including any
amendments, will govern.

1. Exploration
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2. Science
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Transportation

3. Commercial and OGAs
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Operations
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On-Surface

On-Orbit or
In-Transit

For Space

NASA Lightweight Structures, Materials, and
Advanced Manufacturing
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Why SBIR for LSMAM?

Each topic area addresses the agency priorities and big challenges only solvable by collaboration with the
nation’s innovators. SBIR/STTR leads to rapid commercialization and infusion of new technology.
Technical Goals
• 50% reduction in overall
manufacturing costs
• 50% reduction in mass
compared to SOA

Impact Goals
•Accelerate the adoption of
LSMAM space technologies
•Increased payloads for
exploration and science

Specific interests:
• composite, metallic and ceramic material systems
as well as nano-materials/structures.
•

innovative lightweight structural systems, extreme
environments structures and
multifunctional/multipurpose materials/structures.

•

improved resiliency and life time by structures that
can be assembled/constructed, reconfigured
and serviced

•

advanced manufacturing technologies to
decrease cost and provide in-situ production

•

advancing technologies for nondestructive
evaluation (NDE), structural health monitoring
(SHM), and prognostics.
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Example LSMAM Capability Areas
In-Space
Manufacturing
(ISM) and
In-Space Assembly (ISA)

Human Rated
Composites

•
•
•
•

Habitats
Cryogenic Tanks
Launch Vehicle Dry
Structure
Space and Surface
Vehicles

•
•
•
•

ISA Simulation and
Verification
ISM Simulation and
Verification
Advanced System
Concepts
ISA and ISM
Operations

Multi-functional
Multifunctional
Materials
Materials,
Manufacturing,
And Structures

•
•
•
•

Deployables,
Softgoods, Modularity
Advanced
Manufacturing
Advanced Materials
Multifunctional
Integration

Structures and
Materials for Extreme
Environments

•
•
•

Hot Structures and TPS
Cold Mechanisms
Dust/Radiation/Space
Environmental Effects
(SEE)

SBIR Subtopic Areas
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H5.01 Mars Surface Solar Arrays

Focus:
•
•
•
•
•

Novel packaging, deployment, retraction, dust300-500 kW SEP requires 2abatement, or in-situ manufacturing
concepts.
wings
3x larger solar array
Lightweight, compact components
luding
booms,
must
be
than ISS, whichinc
autonomously
ribs, substrates, and mechanisms.
deployed/assembled.
Optimized use of advanced ultra-lightweight materials
(but not materials development).
Validated modeling, analysis, and simulation
techniques.
High-fidelity, functioning laboratory models and test
methods.

Regardless of the configuration,
autonomous deployment/assembly
is assumed to be required.
SEP Tug releasing Mars Lander with 20
metric ton cargo

Phase I, prove the feasibility of
proposed innovations using
suitable analyses and tests.
Phase II, significant hardware or
software capabilities that can be
tested at NASA. TRLs at the end of
Phase II of 3-4 or higher.

SBIR Subtopic Areas


H5.01 Mars Surface Solar Arrays

Need:
• 2500 m2 total solar cell area
• <5000 kg total mass including all mechanical and electrical components
• <20 m3 total launch volume

SEP Tug releasing Mars Lander with 20
metric ton cargo
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SBIR Subtopic Areas
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Z4.01 In-Space Assembly and Construction

Focus: Open-architecture modular space vehicle design enabled by
joining and un-joining technology with common interfaces.

• Compelling need: provides for new capabilities for space vehicle
design/build, upgrade and maintenance to reduce cost and improve
resilience
• Servicing and repair extend lifetime
• Disassembly and reuse for multi-mission vehicles
• Reduces spares and enables earth independence
The technology focus areas for this capability include:
• Materials and processes for in-space manufacturing
• Modular and “plug-and-play” open architectures
• Reversible joining
• Autonomous assembly
• Surface construction with ISRU
• Manufacturing certification
• High fidelity simulation for agent training and certification

SBIR Subtopic Areas
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Z4.01 In-Space Assembly and Construction

ISA Systems

Remote
Control Assembly
and Servicing

Autonomous
Operations

Robotics, Metrology,
and Control

“Assembly Agent”

Modular Design, Assembly and Operations
•
•
•

Systems Concepts and Analysis
Interface Standards
Modeling and Simulation

Reversible
Joining

Mobility and Tools
Fixed and Free

Manufacturing (ISM* &
ISRU)

and Smart Interfaces

Advances in modular design, joining, and
manufacturing are needed.

ISA & ISM Provide
Affordability and Resilience
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• Assembly provides aggregation of systems from
multiple launches
• Servicing and repair extend lifetime
• Disassembly and reuse of radically changes the supply
architecture
• Complex deployments can be averted

High Definition Space Telescope (HDST)

• 12-20 meter Primary Mirror
• High Dimensional Stability (10s of picometers)
• Deploy/Assemble
• Thermal Sunshield
• Primary Mirror
• Secondary Mirror and Subsystems

Exploration Augmentation Module (EAM)
• Module Based Design for Docking/Berthing
• Modular Subsystems for repair/assembly
• Long reach arms for berthing/disassembly

Surface ISRU – Manufacturing and Assembly
•
•
•
•

Design with low strength materials (polymers/ceramics)
Additive manufacturing of finite sized modules
Assembly of processed parts into systems
Reversible joining technology
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Why In-Space Manufacturing?
Each square represents
1000 kg

This is for a system with:
• Regular resupply (~3
months)
• Quick abort capability
• Extensive ground
support and
redesign/re-fly

capability

•

Unanticipated
system issues
appear, even after
years of testing

•

Large complement
of spares required
for crew safety

•

Impossible to
reliably predict what
spares or
combination of
spares will be
needed

•

95% of corrective
spares will never be
used

In-Space Manufacturing and Logistics
Reduction in Spares Mass Requirements
For Items Manufactured in Space*
100%
90%

Percent of Original Mass

70%
60%
50%

-78.3%

40%

-97.7%

30%

Decreasing Mass

80%

20%
10%
0%

Without
ISM

With
ISM

With
ISM + recycling

ISM significantly reduces the mass that
needs to be carried to cover maintenance
demands by enabling on-demand
manufacturing from common raw
materials
• ISM enables the use of recycled materials
and in-situ resources, allowing even more
dramatic reductions in mass requirements
• ISM enables flexibility, giving systems a
broad capability to adapt to
unanticipated circumstances. This mitigates
risks that are not covered by current
approaches to maintainability.
• ISM is a strong solution to maintenance
logistics challenges that can
- Reduce mass
- Mitigate risk
- Enable adaptable systems
•

This case examined parts associated with fluid flow (i.e. fans, valves, ducts, piping). Approx.
1/3 of total components were assumed to be manufactured in-space.
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Based on logistics analysis of ISM by Andrew Owens, NASA Space
Technology Research Fellow and doctoral candidate at MIT

•

•
•

•

In-space Manufacturing Portfolio
IN-SPACE
POLYMERS

IN-SPACE
RECYCLING

MULTI-MATERIAL
’FAB LAB’ RACK

• Develop Multimaterial Fabrication
• Refabricator ISS
Laboratory Rack as
ISS On-demand
Demo with Tethers
‘springboard’ for
Mfctr. w/polymers.
Unlimited, Inc. (TUI)
Exploration missions
3D Print Tech Demo
for on-orbit 3D
Additive
Printing & Recycling. • In-space Metals ISS
Demo
Manufacturing
• Multiple SBIRs
• nScrypt Multi-material
Facility with Made in
underway on
machine at MSFC for
Space, Inc.
common-use
R&D
Material
materials &
Characterization &
medical/food grade
Testing
recycler

PRINTED
ELECTRONICS

• MSFC Conductive & •
Dielectric Inks
patented
• Designed & Tested
RFID Antenna, Tags
and ultra-capacitors
• 2017 ISM SBIR
subtopic
• Collaboration w/Ames
on plasma jet
technology.
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IN-SPACE V&V
PROCESS

EXPLORATION DESIGN
DATABASE & TESTING

Develop & Baseline • Develop design-level
on-orbit, in-process
database for
certification process
applications
based upon the
• Materials dev. &
DRAFT Engineering
characterize for
and Quality
feedstocks (inStandards for
transit & surface) in
Additively
MAPTIS DB.
Manufactured Space • Design & test highFlight Hardware
value components
for ISS & Exploration
(ground & ISS)
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SBIR Subtopic Areas


H7.01 In-Space Manufacturing of Avionics and Electronics

Focus: In-Space Printable Electronics: The purpose of this subtopic is to encourage highly collaborative research and
development in the area of In-Space Printable Electronics capabilities geared towards laying the foundation and
infrastructure for the next generation of in-space advanced electronics manufacturing technologies.

Hardware Development
•

•

•
•

•

3D Electronics Manufacturing Hardware
Miniaturization and Adaptation for Microgravity
Environment

Software Development
•

•

Repackaging of commercially available 3D
electronics printers for microgravity
Addition of in-line metrology processes

•

Integration of advance robotics and automation
processes to facilitate assembly and repair
Incorporation of open source flexible hardware
architectures supportive of various printer platforms

•

Advanced Software Development for use in
Microgravity based 3D Electronics Printers and
Manufacturing Systems
Development of open-source flexible intuitive
software environments that integrate multiple
electronic printing methodologies
Improving existing open-source software
platforms to support advanced open electronics
printer hardware configurations and
architectures to support additional metrology
solutions
Introduction of advanced integrated design and
manufacturing graphical user interfaces that
support autonomy and tele-operations of 3D
electronics printers and manufacturing systems



Phase 1 Objective: 3D electronic
printer prototype development aimed
at in-space production of passive
electronic parts (non-semiconductor
based)



Phase 2 Objective: Improve existing inspace electronics manufacturing
capabilities to include higher
complexity active electronic elements
(semiconductor based components)



Phase 3 Objective: Continued
development of advanced in-space
electronics manufacturing
infrastructure and introduction of selfsupporting avionics manufacturing
architectures and systems
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SBIR Subtopic Areas


H7.02 In-Space Manufacturing of Precision Parts

Focus: To expand material capabilities and impart an ability to manufacture high-strength, precision components on-orbit.
Work toward development of a candidate metal manufacturing process that can be adapted to microgravity and ISS that is
needed to expand material capabilities, increase utilization of ISM, and demonstrate its potential for logistics and safety
enhancement on long duration, long endurance missions.

Example of
desktop CNC from
Othermill

Hybrid AM system
from Optomec

Most AM parts do not have sufficient precision
and surface finish for structural applications.
Solution sought is hybrid manufacturing:
integrated, additive and subtractive systems
adaptable for ISM. Proposers must show
technology maturation path for scaleability of
system to demonstrate that it can eventually fit
within mass/volume/power requirements for
ISS.

Lasertec 65 hybrid machine by DMG Mori
equipped with Sinumerik CNC

Systems must also address microgravity
considerations such as debris/cutting fluid
management and control of feedstock.
These are barriers to implementation of
many metallics processes for microgravity.

• Phase I: Lab demo with
path forward to develop
engineering unit
• Phase II: Functional
engineering unit
compliant with ISS
requirements
• Phase III: Flight unit for
ISS technology
demonstration
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SBIR Subtopic Areas


Z3.01 In-Situ Sensing of Additive Manufacturing Processes for SafetyCritical Aerospace Applications

Focus: Additive manufacturing enables complexity in design, but this complexity can complicate traditional inspection and
qualification efforts. AM also operates in an environment where industry-accepted standards are still in development. The
ability to ensure production of parts with repeatable quality is critical for implementation and broader acceptance of the
technology in for-space applications and in situ process monitoring is a key aid in this effort. For ISM, online quality control is
essential since in many cases traditional qualification and certification methods may not be feasible due to constraints on
crew time, astronaut skill sets, and equipment size limitations.

Objectives:
• Sensing methods for layer by layer quality confirmation
• In-process monitoring capable of detecting off-nominal
conditions
• In situ melt pool characterization
• Predictive modeling of system response and empirical
optimization
• Multi-physics modeling (effort can provide data for model
validation)

POGO Z-Baffle
manufactured with
SLM

Focused on powder bed fusion
processes and large-scale PBF
systems that produce propulsion
components, but techniques
developed may also be
transferrable to ISM

Infrared imaging of a polymer 3D
printing process1
1. Ralph B. Dinwiddie, Vlastimic Kunc, et al.
“Infrared Imaging of the Polymer 3D Printing
Process.”

NIST test artifact for
NDE development

Summary
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Lightweight Materials, Structures, and Advanced Manufacturing are enabling for NASA’s space exploration and
science missions of the future. Lower Mass & Lower Cost.
The SBIR/STTR programs help NASA tap into our nation’s small business innovators to mature, commercialize, and
inuse new technology into our missions.
• The agency will rotate topic areas periodically to address the many needs of the LMSAM applications.
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Success Story: 3D Printing in Zero G
Technology Demonstration Mission
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The 3D Printing in Zero G tech demo delivered the first 3D printer to the ISS
and investigated the effects of consistent microgravity on melt deposition
additive manufacturing by printing parts in space.
The 3D Print Tech Demo launched to ISS on SpaceX-4 in September 2014
•

Installed in the Microgravity Science Glovebox on ISS in November 2014



A total of 21 specimens were printed on ISS in the MSG in November-December
2014, including the uplinked ratchet handle.



Specimens underwent inspection and testing at MSFC from May to September 2015
and were compared with analogous ground control samples printed on the same
hardware prior to its launch to ISS:
 Structured light scanning
 X-ray and CT scan
 Microscopy
 Density
 Mechanical testing



Initial results published in NASA Technical Publication in July 2016



Phase II Prints took place in June and July 2016



Made in Space (MIS) leveraged SBIR work to develop commercial facility, the
Additive Manufacturing Facility (AMF). AMF is owned and operated by MIS
through an agreement with the ISS National Lab and the Center for
Advancement of Science in Space (CASIS).

3D Printer installed in Microgravity Science
Glovebox (MSG) on ISS

Space Station commander Butch Wilmore
with ratchet (file uplinked from ground and
printed on ISS)

Success Story: In-Space Manufacturing
Recycling and Sustainability
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In-space Recycler ISS Tech Demonstration Development
(SBIR 2014 - 16) - Tethers Unlimited, Inc.
• Objective: Recycle 3D printed parts into feedstock to help close
logistics loop
• 2015 Phase I In-space recycler developments completed by Made
In Space and Tethers Unlimited
• 2016 Phase II SBIR awarded to Tethers Unlimited for the In-space
Recycler for proposed ISS Technology Demonstration in FY2018
• 2016 Ph. I SBIR awarded to Tethers Unlimited, Inc. for Erasmus – an
integrated Dry Heat Sterilizer/3D Printer/Recycler for Food &
Medical Grade manufacturing.

In-Space Refabricator
(Tethers Unlimited, Inc.)

Launch Packaging Recycling (Common Use Materials)
SBIR 2015 - 2016
• Objective: Develop common use ISS packaging material(s) that
can be recycled to product Feedstock for Future Fabrication needs
• Two Phase II SBIRS award in Spring 2016
- Cornerstone, Inc.
- Tethers Unlimited

Common-use Materials for 3D printing &
Packaging, etc. (Cornerstone Research
Group and Tethers Unlimited, Inc. 2016 Ph.
II SBIRs)

Resources




2015 NASA Technology Roadmaps: http://www.nasa.gov/offices/oct/home/roadmaps/index.html


TA 7 Human Exploration Destination Systems



TA 12 Materials, Structures, Mechanical Systems, and Manufacturing

2014 NASA Strategic Plan




Development of Baseline Material Properties and Design Guidelines for In -Space Manufacturing




NASA Technical Publication 20160006047 (available at www.sti.nasa.gov)

Results from the 3D Printing in Zero G Technology Demonstration Mission, Volume I




http://www.nasa.gov/sites/default/files/files/FY2014_NASA_SP_508c.pdf

NASA Technical Publication 20160008972 (available at www.sti.nasa.gov)

National Institute of Standards and Technology (NIST) Measurement Science Roadmap for Metal Based
Additive Manufacturing


http://www.nist.gov/el/isd/upload/NISTAdd_Mfg_Report_FINAL-2.pdf
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Backup slides

In-Space Manufacturing Path to
Exploration

ISM/ISRU Alignment

