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Develop Technologles Supportlng Emerglng Space Industries
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Priorities - Targeted advanced manufacturmg outcomes aligned with space industry trends that
will shape the course of research and development over many years

In-Space
Manufacturing
and Space Infrastructure

A catalyst for space
infrastructure and economic
opportunities
> 50% Mass reduction, >99% 3D
printer readiness.

3D Printing /
Additive Manufacturing

Revolutionized product design
and manufacturing
>50% Cost reduction,
accelerated time to market

Digital Transformation
Digital Twins
and Artificial Intelligence

Lightweight Composite
Spacecraft

More intelligent and more accurate
predictions and capabilities
>50% of physical resources
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Back in Time Machine




NASA Cd'mpOSites,'Caﬂp'ability

MARSHALL Smu l um(m :
ConMPosITs Ticssoeset Crvn




Thefmqjolast’ic .Cb'mpos}ivt’es‘ A :

Thermoplastic Composites for In-space Applications
* NASA/STMD effort to develop thermoplastic composites manufacturing and joining
technologies for eventual in-space/on-orbit applications.

Three potential paradigms:

1. Ground test on earth, deliver to lunar outpost, weld to assemble large structures onsite
2. Re-purpose expendable vehicle structures, e.g., fairings & lander struts

3. Eventually produce pressure vessels onsite with tool-less TPC additive manufacturing

Trusses for
communication and

solar array structures
e
T

Structural elements
for construction
equipment

rananaannnnann.

f| Additively fabricate shell structures v
on-site with tool-less automated
fiber placement




Composite Motor Cases *

Composite Motor Cases for SLS Solid Rocket Boosters

* NASA/Northrop Grumman joint effort to develop composite
motor cases to replace Shuttle Program-heritage steel cases

* Notable accomplishments and ongoing tasks:

* Carried out comprehensive damage tolerance assessments
for IM7 and T1100 carbon fibers to aid in material down-
select.

* Developing improved manufacturing and test techniques to
better characterize filament wound composites.

*  Working with Northrop Grumman to serve as a sub-scale
development partner, which reduces risks for Northrop
Grumman and SLS as a whole.




Composite Overwrapped Thrust Chambers

Overwrapped 'I_'h'rus't-CHamb'ers

NASA/STMD effort to mature novel additive and composites manufacturing
techniques to reinforce regen-cooled thrust chamber assemblies via composite
overwraps.

Notable accomplishments:

* Developed manufacturing processes for 2k, 7k, and 40k combustion
chamber hardware, where chambers were additively manufactured and
overwrapped with carbon fiber composites.

* Successfully hot fired 2k and 7k composite overwrapped combustion
chambers.
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SLS Payload Adapter

SLS Block 1B Payload Adapter
* NASA effort to produce Payload Adapter flight units for SLS
Block 1B.
* Composite sandwich structure built in 8 segments.
e T1100 carbon fiber used throughout the structure.
* Automated fiber placement (AFP) used to lay up
facesheets.
* Segments joined together via adhesively bonded double
strap joints (non-redundant, primary load path, fracture
critical).
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Gap in Manufacturing Innovation

Government & ENEaes Setar

Universities

Full-scale
Analysis
Validation

Component

Sub-component Design Value

al Element Development

Material o .
Property Digital Twin
Evaluation
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Requirements ‘459:5 Design . Analysis ¢ Materials ¢ Manufacturing ¢ Operations

Product Development, Testing and Certification Today

“It takes too long and costs too much to certify aerospace structures” - Exhaustive testing done to support analysis

Maintenance &
Repair



Fundihg'Opportuhitieé and Announcements

Looking for Funding? NASA’s Notices of Funding Opportunities are located in
oo | e | | the NASA Solicitation and Proposal Integrated Review and
o rasa Evaluation System (NSPIRES) and TechPort

o, (https://nspires.nasaprs.com)
==t 4 4 (https://techport.nasa.gov/home)

sasa | NSPIRES Solichations  Help | NASA Web Stes | Misconduct Policy Tech port
o ~asa
Home Tawonomy Framework AboutUs Help e

Welcome to
NASA Solicitation and Proposal Integrated Review and Evaluation System .

Funding Opportunities

Interested in developing technology with NASA?

These coportanties wight be 8 §ood M for your
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QUESTIONS?

WWW.Nhasa.gov \‘
john.h.vickers@nasa.gov
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