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National Aeronautics and Space Administration
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NASA's Technology Transfer Program ensures that innovations developed for
exploration and discovery are broadly available to the public, maximizing the
benefit to the Nation. Whether you're looking to start a new company,

enhance an existing product, or create a new product line, you can
. gain acompetitive edge in the marketplace by putting NASA
> technology to work foryou. Technology transfer promotes
commercial activity, encourages economic growth, and
nstimulates innovation in business and commerce.

LD

In-space Servicing, Assembly, and Manufacturing (ISAM) is an emerging This is a preview of the catalog. An NDA is required to obtain
set of capabilities that enables inspection, relocation, refueling, repair, the full version as it contains confidential and export
replacement, upgrade, modular assembly, and construction of space assets. controlled technical data. Goddard Space Flight Center
These technologies are needed to enable robotic science and human exploration controls the release of the catalog to domestic

missions that are sustainable, affordable, and resilient. The intended applications for companies that have a reasonable

ISAM technologies are assembly, exploration, sample return, and mission extension. opportunity to produce the

technology.



Technology Transfer Initiative

By providing U.S companies with early access and an equal playing field to ISAM technologies, NASA is
helping to jump start multiple, new space-related industries including a satellite servicing market. A robust
commercial marketplace will provide the U.S. government with cost-effective options for meeting
future mission needs, while also bolstering the domestic economy.

Table of Contents

ISAM Technology Portfolo — - __ _3

Realizing the Promiseof ISAM —______________________ 4
Technology DesCriplioNSsssesss e _ 5
Licensing Process & Pointsof Contact — - -~ _ 6
Technology Transfer Workshops- - - - ... ... = ]

Servicing Technologes -~~~ 8

Assembly Technologies. .~~~ 17
Manufacturing Technologies_ ... 127
OtherISAM Technologies 129

ACronyms________________ 134

Relative Navigation System & Proximity Operations Algorithms. . ____ 10
Reconfigurable Avionics and Algorithms - __ )i
Robot System/ Servicing Arm 30
Toolsand Mating Systems and the Advanced Tool Drive System 4

Fluid TransferSystem . 94

CO0DSEH S SCRICINC A S e N —— _114
In-space Assembly Technologies 17
In-space Manufacturing Technologies_ - .- _______ _ 123
OtherISAM Technologies



ISAM Technolog
| S A
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Investments throughoutthis decadehave madethe once
seeminglyimpossible, possible. Thecombined capability of Servicing, %
Assembly, and Manufacturing has created the possibility of animmoaortal
spaceshipthatcan be continually refueled, repaired, and upgraded. ISAM
technologies allows us to manufacture new structures and components, repairand
repurpose structures on-orbit, expandthe scale of scientificinstruments, and extendthe
service life of on-orbitassets.

Servicingisthe on-orbitand on-surface alterationof a client object after itsinitiallaunch using another spacecraft

SerViCing or surface agent.

A bI Assembly involves on-orbit and on-surface aggregation of components to create an asset thatcannotbe
$S€m y achieved with traditionaldeployment methods and available launch vehicles.

1 Manufacturing involves on-orbit andon-surface transformation of raw materials into usable components and
M anu faCtu g ng infrastructure.



Reahzmg the Prormse @f \SAM

Sustainable, Affordable,
and Resilient Space and
Surface Missions

ThelSAM Technology Catalog provides domesticcompanies
with insightand accesstotechnology NASA hasdeveloped. By
transferringtechnology as ft is developedratherthan only after it has
beendemonstratedin orbit, NASAexpedites new capabiliiesintothe
commercialmarketand promotes U.S. globalleadershipin satellite servicing.

Thecatalog includesinnovationsthathave been patented and are immediately
available 1o license though the NASA Technology Transfer Portal. In addition, the catalog
includes technologiesthatarein the preliminary design phase, as wellas conceptualdesigns.
By documenting theexistence and function of technology across thisrange of maturity, this catalog
includes almost 200 items beyond the patentedtechnologies listed in the Technology Transfer Portal,

This catalog is intended for domestic companies to review and consider licensing opportunities for

HOW tO commercial use. NASA technology innovators prepared the following descriptions of ISAM technologies

use th o that have been developed in support of spaceflight missions, technology demonstration, or in pursuit of
concept development. Organizations interested in commercializing ISAM technologies are invited to

catalog contact the points of contact listed in the catalog to discuss how they can be adapted for other
spaceflight and surface applications.



Technology Descriptions

The ISAMtechnologiesin this catalog have been described by function,
technical maturity, and application. They represent design solutions for
hardware and software algorithms, as well as the engineering

' insight to derive performancerequirementsand to adapt

P& ¢  ; commercialhardwareforspace. Conceptual Theicons
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NASA’s Technology Portal https://technology.nasa.gov

How to License NASA Technology

Servicing @ GSFC
https://technology-gsfc.ndc.nasa.gov/

NASA develops all sorts of technology to solve the tough challenges of exploring space, Assemb|), @ LaRC
advancing the understanding of our home planet, and improving air transportation. )
Often, those same inventions have other untapped applications. Through patent licensing, https.//technology.nasa.gov/la rc/

those technologies can be transformed into commercial products and solutions .
that can give your business a competitive edge. ManUfaCturmg @ MSFC
https://technology-msfc.ndc.nasa.gov

_ Technology innovators at various NASA field centers have contributed to the ISAM technologies listed in this
A Gatalog. They have initiated New Technology Reports (NTR) or patents to document functionality and
perfiormance, and they can discuss the design rationale and performance with companies ;
considering applying for alicense. Organizations interested in commercializing | N 18

ISAM technologies should contact: -
Servicing @ GSFC  Assembly @ LaRC  Manufacturing @ MSFC ¥

Tammy Brown Patrick Cosgrove Justin Jackson =) DLe —1
Tammy.L.Brown@nasa.gov  Patrick. ACosgrove @nasa.gov Justin.R.Jackson@nasa.gov F ; /



ISAM Technology Transfer Workshops

— ~~ificantinvestments are being made by industry and governmentagenciesin thedevelopmentof
..0 ISAM capabilities. Thesharevision toestablishtheinfrastructure for ISAMservices willonly
M be possible through an affordable commercialmarketplacefor ISAM products.

NASA isleading theway to promote commercialinterestin ISAMtechnologies
by hosting an annual Technology Transfer Workshop. Ourtechnology
iInnovators presenttheir latestdevelopments and our projectmanagers
discussthe currentstatus of ISAM missions. Invited speakersfrom

' NASA program offices and other governmentagencies presentthe il SN Y
broader marketneed forISAMcapability, and participants aregiven a tour . Y
of NASAS state of the artfacilities used to demonstratenew hardware and software. & ’
Joinus to learn aboutwhatISAMcan dofor youl

Information aboutcurrentISAM projects and the ISAM Technology
Transfer Workshop are posted on our website.

Promotmg Domestlc Expertlse,“'-'; |
in ISAM Technologles

-:»ﬁ‘{hat wnII Prepare the’ Natlon',*:"f"" TA .
| :,;_? to Accompllsh NASAston



In-Space Servicing

_ Inthe coming decade, robotic servicing is expected to bring about the dawn of a
new era of extended and upgraded spacecraft utility, savingbillions of
dollarsin satellite manufacturing costs. Spacecraftlife spans are limited
by consumables, the exceedingly harshnatural space environment,
and sometimes imperfect human design. It is now possible to
refuel, repairand upgrade on-orbit assets toextend their life,
relocate their vantage point, and improve performance
withenhanced subsystems and sensors.

and Terrestrial Missions

- Servicing can enable unprecedented science and human
. exploration of our solarsystemand beyond. Robots will serve as helpful
JO urn EYI 1] g |_O N ge Y companions alongside astronauts interrestrial conditions, constructing
. habitats, moving resources, andextending human presence fartherthan ever
nd S In before. Servicing canextend mankind's reachon large scale, in-space construction
d eeimng | 1T _ |
of large telescopes unconstrained by fairing size, and persistent platforms designed for
Farthe r modular instrument replacement, andregularly renewed resources.

ISAM Technologies for On-Orbit Servicing

Servicing covers a wide range of activities spanning fixing, improving, and reviving satellites andrefers to
any work torefuel, repair, replace or augment an existing assetinspace. Servicingallows for satellite

life-extension and upgradability as technology evolves on Earth. The most mature and robust of the ISAM

capabilities, servicingis the conduit through which NASA will end the era of one-and-done spacecraft.

4




In-Space Servicing

Servicing Spectrum

ISAM capabilities include these functions that willenable bold new space M

missions, operations, and infrastructure: _ & : \
- Remote Survey & Rendezvous \ ' 3

- Capture and Relocate Space Assets VN = gy

- Refueland Replenish Yol il A O i

- Replace Spacecraft Bus Modules ' \ ' Ny - |

- Replace Instrument Modules

- Reparr & Augment

Servicing Technologies

Relative Navigation System
Rendezvous and Proximity Operations (RPO) Algorithms 10
RPOSensor Sute _ _ . _|6
Reconfigurable Avionics & Software — - - - ___________ n
Robot System & Servicing Arm 30
Tools and Mating Systems
Tool Drive A
\ision SyStems Iof IOOLNOIKSTIES: —owm e e i o e o 4“4
TOOl AVIONICS o
VOO e e e e e e L A
Robotic Tools — _ _
Robotic Modular Tool Adapters  _
Tool Stowage  _ _

Astronaut Tools —
Other ToolS
Fluid Transfer System
Cooperative Servicing Aids

Enabling Bold
Space Missions



Break out of the Launch Vehicle Fairing

The ability tolaunch individual components of alarge structure and
robotically assemble themin space makes various seemingly impossible
concepts possible. This capability allows for assembly of habitats in
places further away than low-Earth orbit, and opens up the door
for constructing large telescopes and other platforms that ;
would otherwise be impossible to deploy from the confines of
thelaunch vehicle fairing

Design with Room to Grow

g ! .
In-space assembly provides the compelling opportunity to < ‘i f
expand orbiting structures and enhance science measurements. = AR TS < :
Truss structures can be assembled so that a persistent orbiting platform Expand and Evolve
can serve as host for short-term technology demonstrations, or long-term

instrument hoteling. The persistent platform can evolve toincorporate upgrades th I S

of support subsystems and new technologies, and is taillored to the operational Wi n- Pace
environment, not the launch environment.

ISAM Technologies for On-Orbit Assembly |

Assembly is the practice of gathering two or more parts together in space into a single, functional aggregate
D Structure. A suite of assembly capabilities allows us to launch individual parts to space separately and bring them
B, (0gether, thereby overcoming the constraints of rocket fairing volume limitations.

n-_\

Assembly

17



- In-Space Manufacturing "

Building a Sustainable Future

Long-duration Exploration missions require a paradigm  shift in the design and
manufacturing of space architectures. The ablity to perform In-Space
Manufacturing (ISM) provides a solution towards sustainable, flexible
missions, both in-transit and on-surface, through on-demand
fabrication, repair, and recycling capabilities for critical
systems, habitats, and mission logistics and maintenance.
ISM capability is of particular interest for it's potential to contribute to
in situ resource utilization (ISRU).

for Humanity in Space

Manufacturing is the fabrication of components in space as the

need arises. This capability allows for greater adaptability in dealing with
unforeseen challenges and has the potential to eliminate the need to
launch as many components (including contingency components) up front. It
also allows for the production of unprecedented monalithic structures, such as
jointless truss beams. On-orbit coating applications and nano-manufacturing allows for
surface coatings to be applied or renewed to recover optical and thermal properties.

It



Resilient Systems with Adaptive Capacity

Thebasic formula for sustainable space exploration combines all three
ISAM capabilities: consumable replenishment and component repair (serv
construction of large and precise structures (assembly), s
and creation of components from feedstock or in-situ resources -
(manufacturing) to break the dependence on earth supply
chain logistics. Development of flight-proven ISAM
capabilities is continuously evolving, and today the pace of
development is accelerating.

for Sustainable Space Exploration

ISAM technologies facilitate the replenishment of supplies

that run out from spacecraft fuel, to coolant, to oxygen. They can
help in ensuring the longevity and operability of spacecraft and life
support systems with unplanned repair and planned maintenance.
In-space manufacturing contributes to the ability to adapt to the unforeseen
and utilize in-situ resou?ces, Together, servicing, assembly, and manufacturing the U nfO reseen
promise flexible, resilient, and cost-effective space operations for sustainable exploration.

([@”

Design to Manage

Adaptive Capacity is designing to remedy unforeseen disruptions, suchas:

- Repair faulty or damaged equipment

- Relocate to more advantageous location/orbit, avoid hazards

- Remove and replace new or upgraded instruments (eg. Moore's Law)

- Construct and/or reconfigure based on evolving scenarios

- BEvolve topography based on new opportunities

- Produce elements and components not needed at launch

- Fabricate gossamer structures unable to handle launch loads
- Manufacture the toolset needed for temporal challenge
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