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DISCLAIMER: While NASA does not manufacture, market, or sell commercial products, many commercial products
are derived from NASA technology. Many NASA-originated technologies are adapted by private industry for use
by consumers like you. Spinoff developments highlighted in this publication are based on information provided by

individual and private industry users of NASA-originated aerospace technology who acknowledge that such technology

contributed wholly or in part to development of the product or process described. NASA cannot accept responsibility ==
or liability for the misinterpretation or misrepresentation of the enclosed information provided by these third-party users:. r
Publication herein does not constitute NASA endorsement of the product or process, nor confirmation of m'_anufactukrgrs’ o, — ot =

performance claims related to any particular spinoff development.
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Setting sail in space was a favorite image for early science fiction writers,
but Sunjammer, a NASA technology demonstration mission, hopes to A
show that solar wind can be used as an effective propulsion system. The f rl 2 d
final spacecraft, set to launch in 2014, will deploy a 13,000-square-foot sail ' ] i :
that weighs just 70 pounds. Shown here is a sail deployment experiment \ ' . Sl
conducted in a partnership between Marshall Space Flight Center and
La'Garde Inc. For a deeper look at the Sunjammer project, scan this code. o
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Foreword

t NASA, we love to take on ambitious goals,

especially those that inspire us to create innovative

technologies where existing tools fall short. We
are currently in a new and rapidly evolving era of space
exploration, one that includes a complete transformation
of how we get to low Earth orbit and beyond. It’s an era
that is witness to the birth of commercial space, with
the Agency playing a key role in helping the private
sector develop safe and affordable transportation systems.
And it’s an era where we are developing the technologies
to send humans to new destinations such as an asteroid
and Mars.

NASA is creating a future in space exploration and
aeronautics that will benefit the US economy and all
of humankind. Exciting advances such as solar electric
propulsion for robotic missions, the Mars Science
Laboratory, new Earth-observing satellites, and the James
Webb Space Telescope underscore the importance of
today’s investment in space technology for tomorrow’s
discoveries and accomplishments.

To make these incredible technologies come to life,
NASA researchers, engineers, and contractors often work
alongside our many partners in industry and academia.
These partnerships not only further our missions; they
also create a large number of spinoff technologies with
tangible benefits that are making an impact on our lives
today. Each year, NASA’s Spinoff publication presents the
best recent examples of these benefits.

Some of my personal favorites in this year’s edition
include:

e The PICA-X heat shield, a low-density, high-temper-
ature resistant material that is utilized by the SpaceX
Dragon capsule for safe entry into Earth’s atmosphere.
NASA developed the core technology for its Stardust
spacecraft, which in 2006 returned to Earth a capsule
filled with comet particles that were used for research.
Through its application on Dragon, the first commer-
cial spacecraft to send cargo to the International Space
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Station (ISS), the heat shield is playing a critical role in
opening up space to the private sector. (page 62)

NASA-developed data mining tools have created
algorithms that commercial airline companies use
to sift through flight data and find anomalies they
were previously unaware of. As a result, one company
modified its operating procedures and has worked
with air traffic control towers to improve the quality of
its approaches and landings. (page 58)

A car manufacturer is taking advantage of decades of
NASA research on the relaxed human posture naturally
assumed in microgravity. Company scientists tested
the application of NASA standards in car seats,
determining that its design could reduce physical
exhaustion in drivers by 50 percent. The auto maker
debuted its new NASA-derived seats in 2013 and will
be including them in many upcoming standard and
luxury car models. (page 60)

Partnering with NASA through a Space Act
Agreement, one company created an air revitalization
system fit for sending up to seven crewmembers on
trips to low-Earth orbit destinations such as the
ISS. The same system now powers refuges placed
deep underground, where miners can retreat in an
emergency, breathing clean air while awaiting rescue.
The company has hired more than 30 employees and
its refuge can save mining companies $30,000 in
maintenance costs over alternative shelters. (page 68)

Seeking to create a national early warning system for
detecting threats to US forests, NASA partnered with
four other government agencies to develop monitoring
capabilities using satellite data. The efforts led to the
creation of ForWarn, a national forest monitoring
system that uses NASA data to help public authorities,
scientists, and conservationists locate, track, and
neutralize potential problems. (page 104)

Charles F. Bolden, Jr.
Administrator

National Aeronautics and
Space Administration

In addition to the 41 spinoffs you will find featured
in this book, this year’s publication also includes a new
section profiling 18 NASA technologies that are currently
available for licensing and/or development opportunities
(“Spinoffs of Tomorrow,” page 176). Our 10 field cen-
ters are brimming with ideas that have great commercial
potential, and the inventors and contributors to those
technologies are eager to see their work transferred to the
private sector for the benefit of the public.

From life-saving shelters to innovations that protect
the environment to components that are making
commercial space transport possible, technology transfer
represents a core part of NASA’s mission and identity.
It ensures that what we do each and every day for space
and aeronautics has as wide an effect as possible—for the

benefit of all.
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For over 50 years, NASA has created new technologies with direct benefit to the public sector, supporting global competition and the economy. The
resulting commercialization has contributed to products and services in the fields of health and medicine, transportation, public safety, consumer
goods, energy and environment, information technology, and industrial productivity. Since 1976, NASA has featured over 1,800 technologies in its

Spinoff publication.



Introduction

he successes of past and current NASA missions

have taught us a great deal about what we need

in order to journey safely beyond our planet and
enable the future of aviation. And as we look to a future
filled with ambitious science and exploration goals, it’s
clear that there is much more technology NASA must
create—technology that will not only enable our future
missions but also secure the nation’s economic future by
promoting the development of a national technological
and industrial base from which to sustain the US leader-
ship role in air and space.

For well over a decade, astronauts have been living
on the International Space Station (ISS), giving us
unprecedented insight into how human beings can
survive, work, and even thrive during an extended visit to
space—knowledge that will prove crucial for future deep
space missions. The microgravity environment of the
ISS also serves as a unique laboratory that has facilitated
a number of important scientific discoveries, made
possible by NASA’s commitment to maintaining a human
presence in low Earth orbit. All the while, our many
missions in robotic space exploration, Earth science, and
aeronautics have continued to improve our understanding
of our world and place in the cosmos.

Many of these advances and enabling technologies,
originally developed to meet mission needs, have spun off
into commercial products that make life on Earth better
today. Every year, Spinoff presents some of the best recent
examples of these secondary benefits—each a reminder
that today’s investment in space pays significant dividends
in the long run. Among the spinoffs highlighted in this
year’s book you will find:

* An award-winning filtration system, developed for
use in space, that is now available to consumers as
a bottle with a built-in filter, removing impurities
and dangerous contaminants on the go. Adventurers
and weekend warriors doing everything from sports
to camping are using this NASA-developed technology
to instantly create safe drinking water out of a variety
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of convenient water sources such as lakes and streams.
(page 82)

* One of the world’s hottest solar energy plants took
its inspiration from the Space Shuttle Main Engine.
Techniques used to build the rocket are being applied
to a solar power tower that incorporates molten salt
to absorb and hold heat in order to generate electric-
ity on demand for 75,000 homes. The company is
creating more than 4,300 jobs for the project, and its
NASA-enhanced technology presents a 20 percent cost
advantage over other solar thermal technologies while
promising zero harmful emissions. (page 100)

* While supercomputers do a lot of the heavy lifting
in scientific modeling, not all scientists have access
to them. One company caught NASA’s attention
by adapting programming libraries to utilize the
graphics cards found in ordinary desktop computers.
Through the Small Business Innovation Research
(SBIR) program, the company created software
that now gives researchers at NASA and elsewhere
unprecedented power from computers they already
work with. (page 116)

* A team of NASA researchers spent decades purpose-
fully inducing 8,000 aircraft spin-stalls—the cause
of many fatal accidents in general aviation—and
learned how to design aircraft that could resist spins.
Thanks to NASA’s research, the Federal Aviation
Administration created a spin-resistance standard,
which one company used as the guiding criteria for
creating a consumer-friendly light sport aircraft with
spin-resistance built in for increased safety. (page 52)

* Planning for an extended stay on Mars, NASA worked
with a private company to develop wind-powered
turbines capable of enduring the harsh, cold conditions
on the Red Planet. The same features that made these
turbines suitable for Mars have made them a natural
fit in many environments on Earth. They now provide
power in several countries and are particularly valuable

Mason Peck
Chief Technologist

National Aeronautics and
Space Administration

) a

in isolated grids, where they cost less to use than diesel

fuel. (page 106)

The daring missions NASA has planned will require
technology more advanced than anything we’ve seen
before. We are hard at work creating those cutting-
edge technologies, laying a foundation that will enable
astronauts to visit an asteroid by 2025 and Mars in
the 2030s.

And just as our current presence in space on the ISS
was made possible with the help of other governments
and collaboration through private partnerships, so also
will NASA’s future endeavors involve others’ help. I'm
particularly excited at the prospect of citizen science,
incentive prizes, and challenge-driven open innovation to
enable individuals to get involved in their space program
by building their own space technology innovations,
conducting their own science, and sharing those
advances with the world. The Asteroid Grand Challenge,
announced in June 2013, is the newest and most
extensive example of how NASA is creating new channels
for individuals and organizations alike to contribute
meaningfully to the hard work of space exploration,
scientific discovery, and the creation of new products and
services that come out of that discovery. You too can be a
rocket scientist! With collaboration between NASA, other
governments, our commercial partners, and all of you,
I’m certain that our future is bright. These efforts will not
only help our Nation reach its most ambitious goals in
space exploration; they will continue to spin off into new
technologies that benefit society.
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Mars Spinoffs

designed for missions to Mars but which are now protecting the lives

of policemen and soldiers, enhancing sporting events for fans, safely
detecting dangerous chemicals, and much more. For decades, Mars-derived
NASA spinoff products and services have created jobs, generated revenue,
and saved costs—real returns on our Nation’s investment in some of the
Agency’s most daring missions.

Sp/noff has documented dozens of NASA technologies that were initially

__






From Martian

NASA’s most ambitious missions yield
practical benefits for society

ore than any other place, the Red Planet embodies the mystery,
M allure, and challenge of deep space exploration. Mars is a planet

both fraternal and foreign to our own, alike in so many respects
but also a striking reminder of how fragile the conditions conducive to
life are. Its intriguing qualities have made it the centerpiece of planetary
exploration: more robotic missions have aimed to orbit or land on Mars
than any other planet or moon in the solar system (apart from our own),
and NASA Administrator Charles Bolden recently called it “the ultimate
destination in our solar system for humanity.”

The unique challenges posed by past, present, and planned future
missions to Mars have required NASA to push the boundaries of what is
possible time and again—whether it’s solving the technical obstacles of
delivering a car-sized rover safely to its surface, developing techniques for
growing fresh food in an extraterrestrial greenhouse, or figuring out how
to shield astronauts from harmful radiation during their voyage. Much of
NASA’s human spaceflight program, including a decade of people living and
working on the International Space Station, has focused on understanding how
the human body will react to long-term habitation in space, to prepare in part
for long-term missions like traveling to and living on the surface of Mars.

Along the way, the Agency has produced new materials, inspired breakthroughs
in communications, authored innovative software, made important medical
advances, and much more—including technologies designed for Mars that have also
found commercial application here on Earth. Advances in science fostered by NASA
for missions to Mars, for example, have since been made available for licensing and

development, sometimes providing off-the-shelf solutions that help put companies on the "?‘t
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cutting edge of their industries. Other times, NASA’s commercial partners
are involved through the entire process: from solving the tough challenges
posed by the space agency’s goals to subsequently finding markets for
the resulting products. Space Act Agreements and the Small Business
Innovation Research (SBIR) and Small Business Technology Transfer
(STTR) programs allow companies to provide essential services to
NASA while ensuring that the results of these partnerships will

live on through added jobs, services, products, and revenue for
the economy.

Recent discoveries, like the radiation measurements made
by Curiosity during its trip to the Red Planet, have made it
clear that a manned mission to Mars will require a host of
technologies not yet invented or refined enough to enable a

safe and successful trip. This is familiar territory for NASA,
which has always had to invent the future it imagines. And if
history is any indication, many more spinoffs will come as a
result of NASA’s ongoing investment in the game-changing,
cutting-edge technologies that we will need to finally set foot
on the red, dusty soil of our celestial neighbor.
In addition to spinoffs appearing in this year’s book
(pages 106, 130), the following are a few of the dozens of
NASA-created or -derived technologies that not only have
enabled past and future Mars missions but have also spun off
into tangible benefits for the Nation.

Some of the historic moments in Mars exploration
include: On top, the first close-up image ever taken of
another planet (left) and the first color image ever taken
on another planet’s surface (right); in the middle, gullies
possibly formed by flowing water as captured by Mars
Global Surveyor (left) and the Sojourner rover as captured
by Pathfinder in 1997 (right), the first successful Mars
landing in over 20 years; and on bottom, the Martian
landscape as captured by Opportunity (left) and rounded
pebbles imaged by Curiosity (right) that were formed in
an ancient streambed not unlike those found on Earth.

Spinoff 2013
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Delivering Clean, Affordable Power

and hydrogen for fuel. While ideal for use on Mars, the technology can also be used to create clean

g fuel cell developed for Ames Research Center uses solar power to split water into oxygen for breathing

energy on Earth. Its inventor founded Bloom Energy of Sunnyvale, California, and today provides

cost-effective, environmentally friendly energy to a host of companies, including eBay, Google, Walmart,
AT&T, and The Coca-Cola Company. When powered with fossil fuels, its Energy Servers are 67 percent
cleaner than a coal-fired power plant, and they are 100 percent cleaner when powered by renewable fuels.

Paving the Way for Hospital Robots

ASA’s Jet Propulsion Laboratory
‘ \ | (JPL) provided funding for the
Massachusetts Institute of Technology
to develop capabilities for robots like Rocky 7,
a NASA test rover that demonstrated naviga-
tion and sampling technologies useful on Mars.
After developing the operating system, Daniel
Theobald started working at Cambridge,
Massachusetts-based Vecna Technologies.
Today, Vecna’s QC Bot incorporates systems
based on the NASA work and is being used to
ease logistics at hospitals. The technology has
contributed to 20 new jobs at the company.

12 Mars Spinoffs
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critical airbags in the 1990s, JPL collaborated with

New Ipswich, New Hampshire’s Warwick Mills
Inc. to weave multilayer textiles for the airbags for both
Pathfinder and the Mars Exploration Rovers. Warwick
Mills applied techniques from the collaboration to its
puncture- and impact-resistant TurtleSkin product
line. The company’s metal flex armor vests offer stab

In order to create the Mars Pathfinder’s mission-

protection comparable with rigid steel plates, and its
SoftPlate body armor offers protection from handgun
bullets. International public safety and military customers
are now benefiting from the TurtleSkin products.

Spinoff 2013



“A huma'n mission to Mars is today the
ultimate destination in our solar

system for humanity. . .. Our entire
exploration program is aligned to

support this goal.”

— Charles Bolden, NASA Administrator

The Mars Science Laboratory, also known
as Curiosity, was launched from Cape
Canaveral Air Force Station Space Launch
Complex 41 on November 26, 2011. For
a deeper look at NASA’s Mars exploration
program, scan this code.
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Future Mars missions include the Mars Atmosphere and
Volatile EvolutioN (MAVEN) orbiter (left inset), which launched
in late 2013, and a follow-up rover based on Curiosity's design
(sketch shown in the center inset) proposed for launch in 2020.
MAVEN will look for clues as to why Mars lost much of its
atmosphere and most of its water to space, making the planet
increasingly hostile to life. The 2020 science rover will likely
search for signs of past life and could even collect samples

for a possible future return to Earth. For a human exploration
mission, the Orion crew module (right inset and background)
will serve as both transport and a home to astronauts during
their journey.

14  Mars Spinoffs Spinoff 2013



Bringing Main Street to Life

data-generation software and algorithms from JPL

that were originally used to create a 3D representation
of Mars’ terrain, which allowed autonomous routing of the
Mars Exploration Rovers. earthmine combined the software
and algorithms with its unique capture hardware and Internet
delivery technology, resulting in a system that integrates
topographic information to deliver accurate street-level
geospatial data through a web-based interface. Entire munici-
palities are collected through high-quality, 3D panoramic
images—including every road, alley, and freeway—to create

B erkeley, California-based earthmine inc. licensed 3D

a complete, consistent, and publicly accessible geospatial view
of cities for official and commercial applications.

Spinoff 2013

Boosting Optical Communication

employed SBIR funding from JPL to improve its solid-state

photomultiplier technology for interplanetary communication
networks. ATT developed a small, energy-efficient, extremely high-
gain sensor capable of detecting light down to single photons in the
near-infrared wavelength range. The company has commercialized this
technology in the form of its NIRDAPD photomultiplier, ideal for use
in free space optical communications, lidar and ladar, night-vision goggles,

B rooklyn, New York-based Amplification Technologies Inc. (ATI)

and other light-sensing applications.

Enabling Plants to Text Message Farmers

ioServe Space Technologies—a nonprofit,
B NASA-sponsored research partnership center—

developed a leaf sensor that can monitor plants
using electrical pulses, allowing anyone from astronauts
to farmers to measure plant water levels directly. While
particularly beneficial for growing food on long-duration
space missions, Berthoud, Colorado-based AgriHouse
Brands Ltd. has commercialized the technology, which
now allows “thirsty” plants to send text messages to farm-
ers asking for more water.

Providing an Early Warning of Biological
Threats

E arly Warning Inc., of Troy, New York, licensed

powerful biosensor technology from Ames that

was originally developed to look for life on
Mars. Incorporating carbon nanotubes tipped with
single strands of nucleic acid from waterborne patho-
gens, the sensor can detect targeted, disease-causing
bacteria, viruses, and parasites. Early Warning features
the NASA biosensor in its water analyzer, which can
alert organizations to potential biological hazards in

water used for agriculture, food and beverages, show-
ers, and at beaches and lakes—within hours, instead of
the days required by conventional laboratory methods.

Mars Spinoffs 15



Analyzing Rocks and Minerals

® nXitu Inc., of Mountain View, California,
1 entered into a Phase II SBIR contract

with Ames to develop technologies for the
next generation of scientific instruments for
materials analysis on future Mars missions.
The work resulted in a sample handling system
that could find a wide range of applications
in research and industrial laboratories as a
means to load powdered samples for analysis
or process control. The technology can
characterize materials that cannot be ground
to a fine size, such as explosives and research
pharmaceuticals, and applications include
the chemical, cement, inks, pharmaceutical,
ceramics, and forensics industries.

16  Mars Spinoffs
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Braving Battlefronts to Save Lives

number of iRobot Inc. employees have drawn from
Atheir NASA experiences—including the construction

of a prototype Mars rover—to help develop the
PackBot Tactile Mobile Robot, used by US troops in
Iraq and Afghanistan to help clear caves and bunkers,
search buildings, and cross live anti-personnel
minefields. PackBot provides soldiers
with a safe first look so they know
what to expect and how to
respond. The robot can climb
grades up to 60 percent and

survive submersion in water up to
6.6 feet deep, and it possesses flippers that propel it up
stairs, over curbs, and through daunting obstacles such as rocks,
rubble, and debris. If PackBot flips over during operations, the
robot can right itself within seconds.

Making Panoramic Photography
a Snap

he Mars rover Panoramic Mast
I Assemblies inspired scientists at Ames
and Carnegie Mellon University to
find photographic and virtual exploration
applications for consumers. Along with
Austin, Texas-based Charmed Labs LLC,
scientists created a prototype for the Gigapan
robotic platform for consumer cameras, which
automates the creation of highly detailed
digital panoramas. The scientists also created
a website and photographic stitching software
to accompany the Gigapan platform. Among
other places, the technology is now being
used in baseball stadiums across the country:
New York City-based Major League Baseball
Advanced Media LP customized the Gigapan
platform to accommodate in-game shots
that capture nearly the whole stadium. Fans
navigate the photos online and tag themselves
and their friends using social media tools.

Supporting Drug Discovery
B iolog received SBIR contract work with NASA to

develop technology for avoiding catastrophic crop

failure during long-term space travel, like on a trip to
Mars. Biolog brought its NASA-improved microbe-monitoring
technology to market as the Phenotype MicroArray and
the OmniLog System. The Phenotype MicroArray allows
researchers to obtain a comprehensive picture of a given drug’s
effect on a specific cell, and the OmniLog system can monitor
thousands of phenotypes simultaneously. %

Mars Spinoffs 17



Executive Summary

to emerge from NASA’s innovative technology transfer initiatives. Following

its congressional mandate to share the benefits of its research with the public,
NASA has long facilitated the transfer and commercialization of its technology alongside
of partners in industry, academia, and government. These spinoffs have touched
nearly every area of life, including the fields of health and medicine, transportation,
public safety, consumer goods, energy and environment, information technology, and
industrial productivity.

S pinoff has featured more than 1,800 of the most compelling, beneficial technologies

__






Executive Summary

Health and
Medicine

Innovative Software Tools Measure
Behavioral Alertness

To monitor astronaut behavioral
alertness in space, Johnson Space
Center awarded Philadelphia-based
Pulsar Informatics Inc. SBIR funding
to develop software to be used onboard
the International Space Station. Now
used by the government and private
companies, the technology has increased
revenues for the firm by an average of 75
percent every year.

40

Miniaturized, Portable Sensors Monitor
Metabolic Health

In order to measure astronauts’ meta-
bolic rates in space, Glenn Research

20 Executive Summary

Center partnered with Case Western
University and the Cleveland Clinic to
develop the Portable Unit for Metabolic
Analysis (PUMA). Cleveland-based
Orbital Research licensed and then
modified PUMA to help the US Navy
assess pilot oxygen problems and is now
designing a device that can be used in
hospitals.

42

Patient Simulators Train Emergency
Caregivers

Johnson Space Center teamed up with
Sarasota, Florida-based METI (now
CAE Healthcare) through the STTR
program to ruggedize the company’s
patient simulators for training astro-
nauts in microgravity environments.
The design modifications were imple-
mented in future patient simulators
that are now used to train first respond-
ers in the US military as well as fire
departments and other agencies that
work in disaster zones.

44

Solar Refrigerators Store Life-Saving
Vaccines

Former Johnson Space Center engineer
David Bergeron used his experience on
the Advanced Refrigeration Technology
Team to found SunDanzer Refrigeration
Inc., a company specializing in solar-
powered refrigerators. The company has
created a battery-free unit that provides
safe storage for vaccines in rural and
remote areas around the world.

46

Monitors Enable Medication
Management in Patients’ Homes

Glenn Research Center awarded SBIR
funding to ZIN Technologies to
develop a platform that could incorpo-
rate sensors quantifying an astronaut’s
health status and then communicate
with the ground. ZIN created a device,
developed the system further, and
then formed Cleveland-based FlexLife
Health to commercialize the technology.
Today it is part of an anti-coagulation
management system for people with
cardiovascular disease.

48

Handheld Diagnostic Device Delivers
Quick Medical Readings

To monitor astronauts’ health remotely,
Glenn Research Center awarded SBIR
funding to Cambridge, Massachusetts-
based DNA Medical Institute, which
developed a device capable of analyz-
ing blood cell counts and a variety of
medical biomarkers. The technology
will prove especially useful in rural areas
without easy access to labs.

Transportation

52

Experiments Result in Safer, Spin-
Resistant Aircraft

The General Aviation Spin Program
at Langley Research Center devised
the first-of-their-kind guidelines for
designing more spin-resistant aircraft.
Thanks to NASA’s contributions,
the Federal Aviation Administration
introduced the Part 23 spin-resistance
standard in 1991. Los Angeles-based

Spinoff 2013



ICON Aircraft has now manufactured
a new plane for consumer recreational
flying that meets the complete set of
criteria specified for Part 23 testing.

Interfaces Visualize Data for Airline
Safety, Efficiency

As the A-Train Constellation orbits
Earth to gather data, NASA scientists
and partners visualize, analyze, and
communicate the information. To this
end, Langley Research Center awarded
SBIR funding to Fairfax, Virginia-based
WxAnalyst Ltd. to refine the company’s
existing user interface for Google Earth
to visualize data. Hawaiian Airlines
is now using the technology to help
manage its flights.

Data Mining Tools Make Flights Safer,
More Efficient

A small data mining team at Ames
Research Center developed a set of
algorithms ideal for combing through
flight data to find anomalies. Dallas-

Spinoff 2013

based Southwest Airlines Co. signed
a Space Act Agreement with Ames in
2011 to access the tools, helping the
company refine its safety practices,
improve its safety reviews, and increase
flight efficiencies.

NASA Standards Inform Comfortable
Car Seats

NASA developed standards, which
included the neutral body posture
(NBP), to specify ways to design flight
systems that support human health
and safety. Nissan Motor Company,
with US offices in Franklin, Tennessee,
turned to NASA’s NBP research for the
development of a new driver’s seat. The
2013 Altima now features the new seat,
and the company plans to incorporate
the seats in upcoming vehicles.

Heat Shield Paves the Way for
Commercial Space

The Phenolic-Impregnated Carbon
Ablator (PICA) heat shield, a light-

weight material designed to withstand
high temperatures, was used for the
Stardust’s reentry into Earth’s atmo-
sphere. Hawthorne, California-based
SpaceX later worked with the inven-
tors at Ames Research Center to outfit
PICA on its Dragon capsule, which is
now delivering cargo to and from the
International Space Station through
NASA’s Commercial Resupply Services
contracts program.

68
Air Systems Provide Life Support to
Miners

Through a Space Act Agreement with
Johnson Space Center, Paragon Space
Development Corporation, of Tucson,
Arizona, developed the Commercial
Crew Transport-Air Revitalization
System, designed to provide clean air for
crewmembers on short-duration space
flights. The technology is now being
used to help save miners’ lives in the
event of an underground disaster.

72

Coatings Preserve Metal, Stone, Tile,
and Concrete

John B. Schutt, a chemist at Goddard
Space Flight Center, created a coating
for spacecraft that could resist corrosion
and withstand high heat. After retiring
from NASA, Schutt used his expertise
to create new formulations for
Daytona Beach, Florida-based Adsil
Corporation, which now manufactures
a family of coatings to preserve various
surfaces. Adsil has created 150 jobs due
to the products.

74

Robots Spur Software That Lends a
Hand

While building a robot to assist
astronauts in space, Johnson Space
Center worked with partners to
develop robot reasoning and interaction
technology. The partners created
Robonaut 1, which led to Robonaut
2, and the work also led to patents
now held by Universal Robotics in
Nashville, Tennessee. The NASA-
derived technology is available for use in
warehousing, mining, and more.
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Cloud-Based Data Sharing Connects
Emergency Managers

Under an SBIR contract with Stennis
Space Center, Baltimore-based
StormCenter Communications Inc.
developed an improved interoperable
platform for sharing geospatial data over
the Internet in real time—information
that is critical for decision makers in
emergency situations.

Catalytic Converters Maintain Air
Quality in Mines

At Langley Research Center, engineers
developed a tin-oxide based washcoat
to prevent oxygen buildup in carbon
dioxide lasers used to detect wind
shears. Airflow Catalyst Systems Inc.
of Rochester, New York, licensed
the technology and then adapted
the washcoat for use as a catalytic
converter to treat the exhaust from diesel
mining equipment.
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82
NASA-Enhanced Water Bottles Filter
Water on the Go

Complex systems on the ISS collect and
recycle moisture from every possible
source—including sweat and urine—to
be filtered for recycled use. Greenbrae,
California-based OKO now sells a water
bottle that employs NASA filtration
media to purify water as the user
squeezes it through the device.

ﬂ: i
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Brainwave Monitoring Software
Improves Distracted Minds

Neurofeedback technology developed
at Langley Research Center to monitor
pilot awareness inspired Peter Freer to
develop software for improving student
performance. His company, Fletcher,

North Carolina-based Unique Logic and
Technology Inc., has gone on to develop
technology for improving workplace
and sports performance, monitoring
drowsiness, and encouraging relaxation.

86

Thermal Materials Protect Priceless,
Personal Keepsakes

NASA astronaut Scott Parazynski
led the development of materials and
techniques for the inspection and repair
of the shuttle’s thermal protection
system. Parazynski later met Chris
Shiver of Houston-based DreamSaver
Enterprises LLC and used concepts from
his work at Johnson Space Center to
develop an enclosure that can withstand
98 percent of residential fires.

88

Home Air Purifiers Eradicate Harmful
Pathogens

Marshall Space Flight Center funded
the University of Madison-Wisconsin
to develop ethylene scrubbers to keep
produce fresh in space. Akida Holdings
of Jacksonville, Florida, licensed the

technology and developed Airocide,
an air purifier that can kill airborne
pathogens. Previously designed for
industrial spaces, there is now a specially
designed unit for home use.

i i

90

Thermal Materials Drive Professional
Apparel Line

Johnson Space Center investigated
phase change materials (PCMs) to use
in spacesuit gloves to help maintain
comfortable temperatures. Years later,
Boston-based Ministry of Supply
developed a dress shirt that incorporated
the NASA-derived PCMs, could wick
away moisture, and also control odors
and bacterial growth. Deemed Apollo,
the shirt performs like active wear and is
available in white and oxford blue.

Radiant Barriers Save Energy in
Buildings

Langley Research Center needed
to coat the Echo 1 satellite with a

Spinoff 2013



fine mist of vaporized metal, and
collaborated with industry to create
“radiant barrier technology.” In 2010,
Ryan Garrett learned about a new
version of the technology resistant to
oxidation and founded RadiaSource in
Ogden, Utah, to provide the NASA-
derived technology for applications in
homes, warehouses, gymnasiums, and
agricultural settings.

Energy and
Environment

96

Open Source Initiative Powers Real-
Time Data Streams

Under an SBIR contract with Dryden
Flight Research Center, Creare Inc.
developed a data collection tool called
the Ring Buffered Network Bus. The
technology has now been released under
an open source license and is hosted by
the Open Source DataTurbine Initiative.
DataTurbine allows anyone to stream
live data from sensors, labs, cameras,
ocean buoys, cell phones, and more.
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Shuttle Engine Designs Revolutionize
Solar Power

The Space Shuttle Main Engine was
built under contract to Marshall Space
Flight Center by Rocketdyne, now part
of Pratt & Whitney Rocketdyne (PWR).
PWR applied its NASA experience
to solar power technology and licensed
the technology to Santa Monica,
California-based SolarReserve. The
company now develops concentrating
solar power projects, including a plant
in Nevada that has created 4,300 jobs
during construction.

102

Procedure-Authoring Tool Improves
Safety on Oil Rigs

Dark, cold, and dangerous environments
are plentiful in space and on Earth.

To ensure safe operations in difficult
surroundings, NASA relies heavily on
procedures written well ahead of time.
Houston-based TRACLabs Inc. worked
with Ames Research Center through the
SBIR program to create an electronic
procedure authoring tool, now used
by NASA and companies in the oil and
gas industry.

Satellite Data Aid Monitoring of
Nation’s Forests

The USDA Forest Service’s Asheville,
North Carolina-based Eastern Forest
Environmental Threat Assessment
Center and Prineville, Oregon-based
Western Wildlands Environmental
Threat Assessment Center partnered
with Stennis Space Center and other
agencies to create an early warning
system to identify, characterize, and
track disturbances from potential forest
threats. The result was ForWarn, which
is now being used by federal and state
forest and natural resource managers.

106

Mars Technologies Spawn Durable
Wind Turbines

To develop and test wind power
technology for use on Mars, Ames
Research Center turned to Northern
Power Systems (NPS), based in Barre,
Vermont. Ames awarded NPS an SBIR
contract so the company could enhance
their turbine’s function. Today, over
200 NASA-derived Northern Power
100s are in operation on Earth and have
reduced carbon emissions by 50,000
tons annually.

110

Programs Visualize Earth and Space
for Interactive Education

Kevin Hussey and others at the Jet
Propulsion Laboratory produced web
applications to visualize all of the
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spacecraft in orbit around Earth and
in the Solar System. Hussey worked
with Milwaukee, Wisconsin-based The
Elumenati to rewrite the programs,
and after licensing them, the company
started offering a version that can be
viewed on spheres and dome theaters for
schools, museums, science centers, and
other institutions.

Information

Technology

114

Processor Units Reduce Satellite
Construction Costs

As part of the effort to build the Fast
Affordable Science and Technology
Satellite (FASTSAT), Marshall Space
Flight Center developed a low-cost
telemetry unit which is used to facilitate
communication between a satellite
and its receiving station. Huntsville,
Alabama-based Orbital Telemetry Inc.
has licensed the NASA technology and is
offering to install the cost-cutting units
on commercial satellites.
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Software Accelerates Computing Time
for Complex Math

Ames Research Center awarded
Newark, Delaware-based EM Photonics
Inc. SBIR funding to utilize graphic
processing unit (GPU) technology—
traditionally used for computer video
games—to develop high-computing
software called CULA. The software
gives users the ability to run complex
algorithms on personal computers with
greater speed. As a result of the NASA
collaboration, the number of employees
at the company has increased 10 percent.

118

Simulation Tools Prevent Signal
Interference on Spacecraft

NASA engineers use simulation software
to detect and prevent interference

between different radio frequency
(RF) systems on a rocket and satellite
before launch. To speed up the process,
Kennedy Space Center awarded SBIR
funding to Champaign, Illinois-based
Delcross Technologies LLC, which
added a drag-and-drop feature to
its commercial simulation software,
resulting in less time spent preparing for
the analysis.

120

Software Simplifies the Sharing of
Numerical Models

To ease the sharing of climate models
with university students, Goddard Space
Flight Center awarded SBIR funding
to Reston, Virginia-based Parabon
Computation Inc., a company that
specializes in cloud computing. The
firm developed a software program
capable of running climate models over
the Internet, and also created an online
environment for people to collaborate
on developing such models.

122

Virtual Machine Language Controls
Remote Devices

Kennedy Space Center worked with
Blue Sun Enterprises, based in Boulder,
Colorado, to enhance the company’s
virtual machine language (VML) to
control the instruments on the Regolith
and Environment Science and Oxygen
and Lunar Volatiles Extraction mission.
Now the NASA-improved VML is
available for crewed and uncrewed
spacecraft, and has potential applications
on remote systems such as weather
balloons, unmanned aerial vehicles, and
submarines.

124

Micro-Accelerometers Monitor
Equipment Health

Glenn Research Center awarded SBIR
funding to Ann Arbor, Michigan-
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based Evigia Systems to develop a
miniaturized accelerometer to account
for gravitational effects in space
experiments. The company has gone on
to implement the technology in its suite
of prognostic sensors, which are used
to monitor the integrity of industrial
machinery. As a result, five employees
have been hired.

128
Reactors Save Energy, Costs for
Hydrogen Production

While examining fuel-reforming
technology for fuel cells onboard
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aircraft, Glenn Research Center
partnered with Garrettsville, Ohio-based
Catacel Corporation through the Glenn
Alliance Technology Exchange program
and a Space Act Agreement. Catacel
developed a stackable structural reactor
that is now employed for commercial
hydrogen production and results in
energy savings of about 20 percent.

130

Cameras Monitor Spacecraft Integrity
to Prevent Failures

The Jet Propulsion Laboratory contracted
Malin Space Science Systems Inc. to
outfit Curiosity with four of its cameras
using the latest commercial imaging
technology. The company parlayed
the knowledge gained under working
with NASA to develop an off-the-shelf
line of cameras, along with a digital video
recorder, designed to help troubleshoot
problems that may arise on satellites
in space.

132
Testing Devices Garner Data on
Insulation Performance

To develop a test instrument that could
garner measurements of the thermal
performance of insulation under extreme
conditions, researchers at Kennedy
Space Center devised the Cryostat 1
and then Cryostat 2. McLean, Virginia-
based QinetiQ North America licensed
the technology and plans to market it
to organizations developing materials
for things like piping and storage tank
insulation, refrigeration, appliances, and
consumer goods.

134

Smart Sensors Gather Information for
Machine Diagnostics

Stennis Space Center was interested
in using smart sensors to monitor

components on test stands and avert
equipment failures. Partnering with St.
Paul, Minnesota-based Lion Precision
through a Cooperative Agreement, the
team developed a smart sensor and the
associated communication protocols.
The same sensor is now commercially
available for manufacturing.

136

Oxygen Sensors Monitor Bioreactors
and Ensure Health and Safety

In order to cultivate healthy bacteria
in bioreactors, Kennedy Space Center
awarded SBIR funding to Needham
Heights, Massachusetts-based Polestar
Technologies Inc. to develop sensors
that could monitor oxygen levels. The
result is a sensor now widely used by
pharmaceutical companies and medical
research universities. Other sensors have
also been developed, and in 2013 alone
the company increased its workforce by
50 percent.
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138

Vision Algorithms Catch Defects in
Screen Displays

Andrew Watson, a senior scientist at
Ames Research Center, developed a tool
called the Spatial Standard Observer
(SSO), which models human vision for
use in robotic applications. Redmond,
Washington-based Radiant Zemax
LLC licensed the technology from
NASA and combined it with its imaging
colorimeter system, creating a powerful
tool that high-volume manufacturers
of flat-panel displays use to catch defects
in screens.
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Deformable Mirrors Capture Exoplanet
Data, Reflect Lasers

To image and characterize exoplanets,
Goddard Space Flight Center turned to
deformable mirrors (DMs). Berkeley,
California-based Iris AO, Inc. worked
with Goddard through the SBIR
program to improve the company’s
microelectromechanical DMs, which
are now being evaluated and used
for biological research, industrial
applications, and could even be used by
drug manufacturers.
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NASA Technologies Enhance Our Lives on Earth

Innovative technologies from NASA’s space and aeronautics missions transfer as benefits to many sectors of society. Each benefit
featured in Spinoff 2013 is listed with an icon that corresponds to the mission from which the technology originated. These NASA-

derived technologies, when transferred to the public sector:
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NASA Spinoff Technology Across the Nation

Health and Medicine

1.

Innovative Software Tools Measure
Behavioral Alertness (PA)

2. Miniaturized, Portable Sensors Monitor
Metabolic Health (OH)

3. Patient Simulators Train Emergency
Caregivers (FL)

4. Solar Refrigerators Store Life-Saving
Vaccines (TX)

5. Monitors Enable Medication
Management in Patients’ Homes (OH)

6. Handheld Diagnostic Device Delivers
Quick Medical Readings (MA)

Transportation

7. Experiments Result in Safer,
Spin- Resistant Aircraft (CA)

8. Interfaces Visualize Data for Airline
Safety, Efficiency (VA)

9. Data Mining Tools Make Flights Safer,
More Efficient (TX)

10. NASA Standards Inform Comfortable
Car Seats (TN)

11. Heat Shield Paves the Way for

Commercial Space (CA)

Public Safety

12.
13.

14.
15.

16.

Air Systems Provide Life Support to Miners (AZ)

Coatings Preserve Metal, Stone, Tile, and
Concrete (FL)

Robots Spur Software That Lends a Hand (TN)

Cloud-Based Data Sharing Connects
Emergency Managers (MD)

Catalytic Converters Maintain Air Quality
in Mines (NY)
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Consumer Goods

17. NASA-Enhanced Water Bottles Filter
Water on the Go (CA)

18. Brainwave Monitoring Software Improves
Distracted Minds (NC)

19. Thermal Materials Protect Priceless,
Personal Keepsakes (TX)

20. Home Air Purifiers Eradicate Harmful
Pathogens (FL)

21. Thermal Materials Drive Professional
Apparel Line (MA)

22. Radiant Barriers Save Energy in
Buildings (UT)

Energy and Environment
23. Open Source Initiative Powers Real-Time
Data Streams (CA)

24. Shuttle Engine Designs Revolutionize
Solar Power (CA)

25. Procedure-Authoring Tool Improves Safety
on Oil Rigs (TX)

26. Satellite Data Aid Monitoring of Nation’s
Forests (NC)

27. Mars Technologies Spawn Durable Wind
Turbines (VT)

28. Programs Visualize Earth and Space for
Interactive Education (WI)

Information Technology

29. Processor Units Reduce Satellite
Construction Costs (AL)

30. Software Accelerates Computing Time for
Complex Math (DE)

31. Simulation Tools Prevent Signal
Interference on Spacecraft (IL)

32. Software Simplifies the Sharing of
Numerical Models (VA)

33. Virtual Machine Language Controls
Remote Devices (CO)

34. Micro-Accelerometers Monitor
Equipment Health (MI)

Industrial Productivity

35. Reactors Save Energy, Costs for
Hydrogen Production (OH)

36. Cameras Monitor Spacecraft Integrity to
Prevent Failures (CA)

37. Testing Devices Garner Data on Insulation
Performance (VA)

38. Smart Sensors Gather Information for
Machine Diagnostics (MN)

39. Oxygen Sensors Monitor Bioreactors and
Ensure Health and Safety (MA)

40. Vision Algorithms Catch Defects in Screen
Displays (WA)

41. Deformable Mirrors Capture Exoplanet
Data, Reflect Lasers (CA)
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NASA Technologies Benefiting Society

go beyond supporting mission needs. Spinoffs create jobs, generate

revenue and save costs for businesses both large and small, and even
save lives. Through home air purifiers, medical sensors, unique solar power
plants, and more, NASA technology works for the benefit of the Nation
and world.

N ASA research and development has tangible, secondary benefits that

__






ﬁ Health and Medicine

hrough technology transfer partnerships, NASA innovations become
a vital part of our Nation’s healthcare industry. From solar-powered
refrigerators that keep vaccines cool to handheld diagnostic devices,
advances from NASA research boost fitness, improve medical instruments,
enhance disease treatments, and save lives. Spinoffs featured in this section:

e Measure Behavioral Alertness
e Monitor Metabolic Health

e Train Emergency Caregivers
e Store Life-Saving Vaccines

e Enable Medication Management in
Patients’ Homes

e Deliver Quick Medical Readings






Innovative Software Tools Measure Behavioral Alertness

NASA Technology

or astronauts working aboard the International

Space Station (ISS) in low-Earth orbit, getting

adequate sleep is a challenge. For one, there’s that
demanding and often unpredictable schedule. Maybe
there’s an experiment needing attention one minute,
a vehicle docking the next, followed by unexpected
station repairs that need immediate attention. Next
among sleep inhibitors is the catalogue of microgravity-
related ailments, such as aching joints and backs, motion
sickness, and uncomfortable sleeping positions.

And then there is the body’s thrown-off perception
of time.

Because on the ISS the Sun rises and sets every 45
minutes, the body’s circadian rhythm—the internal clock
that, among its functions, regulates the sleep cycle based
on Earth’s 24-hour rotation—falls out of sync.

“They go to the cupola and look at these incred-
ible sunrises just before they’re supposed to go to bed,”
says NASA flight surgeon Smith
Johnston, who is chief of the Fatigue
Management Team, “and it gives the
astronaut a giant dose of light that sup-
presses your melatonin and keeps you
from being able to sleep.”

In order to steady the brain’s
production of melatonin, enabling
some sleep stability, astronauts shield
their windows from all sunlight and
wear face masks. For its part, the
medical team back on Earth also
constantly monitors their health and
can, among a number of measures,
prescribe medications to balance
circadian rhythms or help to resolve
other sleep-related problems.

Why so much attention is paid to
making sure astronauts get enough

36 Health and Medicine

slumber time is simple: The demands placed on an astro-
naut—who must both subsist in an artificial environment
and carry out mission objectives—require that he or she
operate at peak alertness.

Long-distance verbal check-ins with medical person-
nel is one way crewmembers communicate their levels of
alertness, but the Agency is currently evaluating the utility
of technology that provides a quantitative measure of a
person’s vigilance at any given time. The innovation has
the potential to improve the health and performance of
not only astronauts but also the many people who engage
in similar high-risk activities.

Technology Transfer

In the early-1980s, David Dinges, a professor
of psychology in psychiatry at the University of
Pennsylvania Perelman School of Medicine and among
the world’s preeminent sleep experts, developed what has

become one of the most widely used tests for determining

il o ry =

NASA astronaut Ron Garan views a point on Earth through one of the windows in the cupola of the
International Space Station (ISS). The 15 sunrises and sunsets that occur on the ISS in a 24-hour period
disrupt crewmembers’ sleep patterns.

‘ ‘ When people get high fatigue scores
on the PVT they always say, ‘I had no idea |
was this impaired. I had no idea I needed to
get some sleep.” The test has the potential to
save lives.”

—Daniel Mollicone, Pulsar Informatics Inc.

behavioral alertness. The Psychomotor Vigilance Task
(PVT) is a test that requires a person to watch a screen
for a light stimulus and press a response button as quickly
as possible when the light is detected. The light comes
on repeatedly at random intervals of a few seconds until
enough responses are acquired to establish—rto the
millisecond—the speed of the subject’s visual reaction
times. The test yields results for the stability of focused
attention by measuring the number of
errors of omission (performance lapses)
and errors of commission (impulsive
responses). By detecting these
performance changes, the PVT records
the degree of deficits in alertness and
vigilant attention, as well as response
speed.

Although the traditional 10-minute
PVT was practical for laboratory stud-
ies and clinical trials that, for example,
gauge the effects of experimental sleep
loss or the effects of psychoactive
medications on human alertness, its
duration made it less than ideal as a test
for astronauts working in space, given
their limited discretionary time.

“Every minute is just precious to
us,” says NASA’s Johnston, “and there’s
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so much to get done, and it’s also a matter of having the

astronauts be focused on their tasks and not getting side-
tracked for too long a time.”

So in the mid-2000s, Dinges and his colleague
Mathias Basner from the same institution, with funding
from NASA and the National Space Biomedical Research
Institute, began working on a 3-minute version of the
PVT for astronauts. The challenge lay in developing and
validating an algorithm that could produce results that
were nearly as sensitive as the results produced using the
10-minute version. Development began by measuring
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astronaut PVT performance during four NASA Extreme
Environment Mission (NEEMO) operations, where
astronauts perform duties in an underwater research
facility where the environment closely resembles that
of space. The results from those tests gave Dinges and
Basner the data needed to optimize an algorithm, in part
by determining how well an astronaut could react to the
test when he or she is operating at peak alertness. Those
reaction times would form the basis of a performance
score used by astronauts on the PVT-B (the “B” is for
brief) on the International Space Station. As they made

While sleeping, astronauts in space must tether themselves to
the floor. They also often use facemasks to block out the light,
helping to induce sleep.

substantial progress toward achieving these goals, it was
clear that other aspects of the test would also need to be
improved for use in space.

For one, the traditional PVT portable test device was
cumbersome—not conducive for the limited confines of
a spacecraft or the ISS. What was needed was a PVT that
added little or no mass. Also essential was that it become
a self-test; the program needed to be simple enough for an
astronaut to use without any assistance.

That is where Philadelphia-based software engineering
firm Pulsar Informatics came into play. Pulsar’s president
and CEO Daniel Mollicone trained with Dinges at the
university en route to earning his doctorate in biomedical
engineering. In 2006 Dinges asked Mollicone, who had
worked on NASA projects in the past, if the company
could develop the software for ISS.

It was not a simple request. Applying technology
that was once carried out by a dedicated machine onto
programs that run on personal computers, which is what
astronauts use in space, is complicated by the fact that
personal computers are not specifically designed to col-
lect reaction times with the high precision essential for
rapid objective evaluation of alertness. The PVT requires
that reaction times be precisely measured in the mil-
liseconds—that is, in thousandths of a second. But the
company’s engineers were up to the challenge: They had
previously developed a proprietary robotic calibration
system that could overcome such problems. Pulsar and
NASA quickly entered into a contract to support a col-
laborative team of scientists and engineers lead by Dinges
to develop a version of the PVT suitable for use by astro-
nauts during space missions.

“We were young, ambitious engineers, and we were
developing tools of similar nature and had the basic
capability, so we agreed to take it on,” Mollicone says.
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Benefits

Being able to constantly react quickly when required to
do so is essential for astronauts because space missions can
pose dangerous situations that require fast and accurate
reactions. The PVT-B Self Test was renamed by NASA
for ISS as the Reaction Self-Test. It informs astronauts
when their performance drops below optimal ranges.

Since 2009, astronauts have been using the software
on the ISS in order to gather data on the impact of cer-
tain space flight conditions (e.g., elevated workloads and
reduced sleep time) to validate the PVT Reaction Self-
Test as a useful operational support tool for astronauts.

When an ISS astronaut performs the Reaction Self-
Test and receives feedback from the test indicating a
diminished behavioral alertness performance score, the
tool is essentially providing a warning sign indicating
caution. “That’s when the astronaut may consult
with their flight surgeon to implement some fatigue
countermeasures that get the astronaut back up to peak
alertness”, says Mollicone. Fatigue countermeasures
might take the form of various sleep medications,
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mandated days off, power naps, and pushed back mission
timelines, among others.

NASA flight surgeon Smith Johnston says the
potential for the shortened PVT test is promising.
“Daniel (Mollicone) and his team is currently working

on developing a mission support software dashboard
for flight surgeons that will use results based on each
astronaut’s PVT performance to create models so we
know how well the astronaut is coping with or reacting
to his or her environment,” says Johnston. “It’s a critical
feedback tool, and once it’s integrated into an operational
tool, it’s going to be amazing.”

And it’s not just NASA that’s benefitting from the
3-minute self-test. Pulsar Informatics has contracts with
other government agencies, namely the Department of
Transportation and the Navy.

“The Navy has to be ready 24 hours a day, 7 days a
week,” says Mollicone. “And as we’re heading toward
a Navy with more automation aboard ships, each crew
member is given more responsibilities. We’re working to
make sure that personnel are getting adequate rest so they
can do their jobs reliably.”

Trucking companies and commercial airlines use the
self-test to better understand operational fatigue in order
to prevent their drivers and pilots, respectively, from
getting into fatigue-induced accidents. Mollicone says the
test would be perfect for all drivers, noting that up to 40
percent of road accidents are caused by fatigue.

“When people get high fatigue scores on the PVT they
always say, ‘I had no idea I was this impaired. I had no
idea I needed to get some sleep,” he says. “The test has
the potential to save lives.”

The uptick in Pulsar’s business over the last several
years seems to suggest that more and more people and
organizations are recognizing the importance of managing
fatigue. Since partnering with NASA 5 years ago, the
number of full-time engineers and computer developers
has grown from 3 to 24. Revenues have grown, on
average, 75 percent every year.

“Because of the collaboration with NASA, we’ve had
this incredible success,” Mollicone says. “And we’re
excited to continue pushing the limits of this technology
for use here on Earth, where it’s every bit as relevant.” <
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Miniaturized, Portable Sensors Monitor Metabolic Health

NASA Technology

n Earth, gravity might weigh you down, but it
O also builds you up. For astronauts working in
space for long durations, the weightless environ-
ment can cause a host of detrimental health effects, such

as a loss of bone and muscle mass. Another side effect is
cardiovascular deconditioning.

NASA’s Portable Unit for Metabolic Analysis (PUMA) uses
miniaturized sensors to measure a person’s metabolic rate.

40 Health and Medicine

One way of gauging cardiovascular conditioning is
by analyzing a person’s metabolic rate, or the amount
of energy he or she expends in a given period, and one
of the key ways this is done is by analyzing the amount
of oxygen a person consumes and carbon dioxide they
produce during respiration.

The body’s ability to utilize oxygen—a critical
component in energy production—is, in addition to
genetics, dependent on a person’s level of physical
fitness. A strong heart can pump oxygenated blood faster,
and healthier muscle tissue can absorb the element
more efficiently.

Analyzing metabolic rates traditionally requires indus-
try-standard metabolic carts. The machines are bulky and
heavy, consisting of a computer system, monitor, and
breathing tubes all assembled on a push cart. Wanting
a more portable and lightweight device to use on the
International Space Station (ISS), in 2002 NASA Glenn
Research Center partnered with Case Western University
and the Cleveland Clinic to develop what in 2006 became
the Portable Unit for Metabolic Analysis (PUMA).

PUMA offers most of the functionality of a metabolic
cart but condensed into a portable, wearable system. Each
unit consists of headgear that supports a mask connected
to sensors that measure oxygen and carbon dioxide partial
pressure, volume flow rate, heart rate, and gas pressure
and temperature. The oxygen and carbon dioxide sensors
are located on the left side of the mask, the flow sensors
on the right, and all are connected optically and electri-
cally to an electronics box—powered by a camcorder
battery—that fits into a small, wearable pack. This com-
puter performs the basic calculations before sending the
data wirelessly and in real time to a remote computer that
stores and displays the metabolic data.

“We’re happy with what we developed,” says Glenn
engineer Dan Dietrich. “And what makes PUMA stand
out from other similar units that have been developed is
the quality of the sensors. Aside from gauging a person’s

metabolic rate, they’re sensitive enough to be used to
monitor specific health conditions.”

Technology Transfer

Cleveland-based Orbital Research Inc. had previously
worked with NASA to develop an electrocardiogram
harness with dry electrodes, and during that stint the
company heard about PUMA. Convinced of its potential
applications in athletic training and patient monitoring
in hospitals, the firm began talks with the Agency on
commercializing the technology. But Orbital Research
expanded its plan to include military applications
when the company realized that the Naval Air Systems
Command (NAVAIR) was requesting proposals to assess
the health of pilots during flight. Hence, Orbital Research
proposed monitoring the exhaled oxygen and carbon
dioxide levels of NAVAIR’s pilots with an improved
metabolic sensor system.

The reason? Military pilots, who rely on oxygen masks
when flying at high altitudes, are at risk of experiencing
hypoxia—a condition where the body is deprived of an
adequate oxygen supply. Pilots can experience a range
of symptoms, including headaches, fatigue, shortness
of breath, and nausea. In the worst-case scenario, they
can pass out. By monitoring oxygen and carbon dioxide
levels, Orbital would attempt to determine the onset of
the potentially deadly condition. With both Earth and
air-based concepts to pursue, Orbital Research entered
into a Space Act Agreement with NASA in 2009.

For fighter pilots to be able to wear a metabolic sensor
system, all of the components needed to be made smaller
and lighter. For one, this meant developing a more porta-
ble electronics box. It also meant developing even lighter
sensors that could be retrofitted onto a pilot’s oxygen
mask. The PUMA sensors and the casing weighed a
pound, which was too heavy. “If you’re a pilot and you’re
pulling 9 Gs and you have a sensor package weighing half
a pound in your facemask, that’s equivalent to four and a
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half pounds of weight that’s going to be yanking on your
neck,” says Fred Lisy, president of Orbital Research.

Working with Glenn, the company further improved
the design of the PUMA equipment. For example, a
smaller electronic package was used to power the LEDs
on the carbon dioxide sensors, which also saved on space
and power consumption without sacrificing performance.
At the completion of the NAVAIR program, Orbital
Research had developed an improved metabolic sensor
system called the Pilot Physiologic Assessment System
(PPAS). The retrofitted sensors now weigh less than an
ounce, and the electronics box is small enough to fit into
a pocket of a survival vest.

The timing for the metabolic monitoring technology’s
advancement was propitious. In May 2011, the Air
Force grounded its fleet of F-22 fighter pilots because
of potential malfunctions in the oxygen generation
system onboard the aircrafts. After entering into
another contract, Orbital Research utilized the platform
technology and produced a suite of sensors, including
carbon dioxide sensors, for the pilots” masks. After being
worn by pilots flying the F-22, the data gathered has
been invaluable in correlating the physical state of the
pilot with the performance of the life support system
throughout the F-22 flight mission.

Benefits

The company has come a long way in advancing the
PUMA technology for other applications. One of its
current projects is developing software for the Navy that
will take the data gleaned from the sensors to predict
when the conditions are eminent that a pilot will be
susceptible to hypoxia. Such a program would be a boon
because hypoxia is highly individualistic and, therefore,
has been difficult to predict. “We want to be able to
alert the pilot so he can perform actions to mitigate the
problem,” says Lisy. “It could be as simple as a kinked
air hose or his mask coming loose, and so we want him
to troubleshoot the problem and then leave him enough
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F-22 pilot Lt. Col. Devin “Sparky” Traynor wears an oxygen mask fitted with sensors designed to detect the onset of hypoxia. Orbital
Research derived the technology through NASA’s work with PUMA.

time, if he still can’t correct the problem, to be able to
pull the backup oxygen system.”

A similar technology is being investigated for the
Navy’s scuba divers that use rebreathers—systems that
prevent bubbles from rising to the surface by rebreathing
the recirculated air. In this application, the sensing
hardware will be utilized to ensure that the rebreather is
effectively cleaning the air so that the diver has the proper
oxygen mixture throughout the dive.

Hospital care is another environment where the
technology will prove useful and where Orbital Research
is also setting its sights. Because the sensors are more
precise than other current technologies, they are able to
detect smaller quantities of oxygen changes even in an

oxygen rich environment. This is particularly important
for patients on supplemental oxygen support where too
much or too little oxygen could be damaging, or at least
counterproductive, to recovery. Using the monitoring
system, the medical staff would be able to prescribe the
right amount of oxygen that the patient needs, thereby
eliminating the guesswork.

Summing up the company’s work with NASA so
far, Lisy says the Agency has been an exemplary partner.
“NASA’s support, especially in calibrating the system and
optimizing the performance, has been invaluable. I hope
we can continue to work together to launch this product

into other markets.” <
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Patient Simulators Train Emergency Caregivers

NASA Technology

edical training is one of the most important
M aspects of preparing astronauts for space.

Every crewmember must become proficient in
basic emergency skills, such as CPR, ventilation, and intu-
bation. In the early 2000s, astronauts were being trained
in Houston at Wyle Laboratories, the medical operations
contractor for Johnson Space Center. At the time, the
recent launch of the International Space Station (ISS)
had ushered in an age of prolonged missions in low-Earth
orbit. NASA wanted to be able to train crewmembers in
a real microgravity environment because most actions to
administer medical aid in weightless conditions required
an adjustment from what is done on Earth.

Performing CPR is a prime example. The weight of
one’s body drives the compressions, but that force is
nullified in microgravity. To compensate, astronauts in
space must plant their feet onto the roof of the spacecraft
to gain leverage and carry out the compressions while
suspended upside down. Mastering such an atypical
maneuver is best done through simulated practice.

Technology Transfer

Getting astronauts trained for these emergency
scenarios meant having them practice on mannequins
onboard a Boeing KC-135 Stratotanker, an aerial refuel-
ing military aircraft that, at the time, also moonlighted
as a reduced gravity aircraft. Many who have ridden on
one affectionately call it the
“Vomit Comet.” The
plane simulates a
microgravity envi-
ronment by flying

CAE Healthcare’s
Emergency Care
Simulator (ECS) is
designed primarily for training
first responders in CPR, ventilation, and
intubation.
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in a parabolic flight path, producing a series of 25-second
stretches of weightlessness at a time.

For the mannequins, NASA Johnson Space Center
turned to Sarasota, Florida-based METI (now CAE
Healthcare), one of the nation’s foremost developers of
patient simulators. The company had gained recognition
from the healthcare sector for developing the Human
Patient Simulator (HPS)—a robust, high-fidelity man-
nequin used for medical training in intensive care and
anesthesia. But this time NASA turned to the company’s
Emergency Care Simulator (ECS). Simplified and far
more portable (its only external part is an “umbilical
cord” that connects to a power and pneumatics box),
the ECS was used in nursing schools and in emergency
medicine training.

“As opposed to the HPS, with the ECS you’re not
dealing with a lot of medical monitors, ventilators or
anesthesia machines,” says CAE Healthcare director of
engineering and innovation Hugo Azevedo, who worked
with NASA on the project. “It’s a simplified product
designed to meet the training needs of first responders.”

With the appropriate simulator chosen, the space
agency wanted to make sure it could withstand the rigors
of training and react appropriately in a space-like envi-
ronment. In the fall of 2002, NASA entered into a Small
Business Technology Transfer (STTR) agreement with
METT to develop a microgravity-adapted ECS.

The ECS was modified in two important ways. The
first were the adjustments made to account for the body’s
changes when exposed to microgravity. For example,
aboard a spacecraft, astronauts tend to inhale more CO,,
so engineers tweaked the system’s algorithms to account
for how increased CO), inhalation and other factors would
affect a person’s physiology.

Then there was the issue of the simulator’s sturdiness.
When crewmembers practiced CPR on the ECS while
flying in the KC-135, its arms would pop out of their
sockets, the ribcage would be damaged, and the neck
would flip around until it became detached, ruining the
internal wiring. “They were putting quite a bit of force on
the mannequins,” Azevedo says. “You don’t even realize
how much force you’re applying when you’re in a non-
gravity environment.” To compensate for the increased
exertion, stronger mounting structures were implanted to
add rigidity and sounder structural integrity.

At the end of 2004, the modified ECS model was
delivered to NASA, where it was used for training and for
helping flight surgeons to keep their core competencies.
The Agency also used the mannequin to help reconfigure
an advanced life support procedure manual. “Using the
ECS, crewmembers first walked through the procedure
the way it was written, and then they followed the revised
instructions,” says NASA physiologist Victor Hurst IV.
“Their feedback allowed us to revise the manual, and

those same procedures are used onboard the ISS.”

Spinoff 2013



Benefits

The benefits of the NASA partnership didn’t end with
the space agency. The ruggedized features of NASA’s ECS
were made a permanent feature of the company’s com-
mercial line. In response, the military, namely the Army
Medics and the Air Force’s Critical Care Air Transport
Team, has bought the ECS to train troops in real-life
emergency scenarios without fear of breaking the equip-
ment. Fire departments and other agencies that employ
first responders have also used the product in simulated
training environments.

In the years following, CAE Healthcare released newer
products, including the iStan, a completely wireless
patient simulator, and Caesar, which is specially designed
for training in disaster response and combat casualty
scenarios. Both were designed with ruggedized hardware
as a result of the knowledge gleaned from improving
the ECS.

Recalling the collaboration with NASA, Acevedo
is clear about how important it was for furthering the
development of both the technology and the firm. “It’s
paramount,” he says. “I remember 10 years ago we were a
fairly small company with fairly big aspirations, and these
types of projects were very helpful. It gave us a financial
balloon that allowed us to do a lot of development that
we otherwise couldn’t do.” <

ECS® is a registered trademark of CAE Healthcare.

NASA scientists
onboard a
reduced-gravity
aircraft use the
ECS to experiment
with streamlining
an airway
management
technique.
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Solar Refrigerators Store Life-Saving Vaccines

NASA Technology

ver the years, NASA has advanced photovoltaic
O (PV) technology in order to advance many of

its missions. This renewable source of energy is
produced when certain “photoemissive” materials, such
as silicon, eject electrons upon absorbing photons from
sunlight. These free electrons can be captured, and the
resulting current can be used as electricity. The space
agency first used solar power in 1958 when Vanguard 1
was successfully launched into space.

Since then, NASA has harnessed the Sun’s energy to
power many other satellites, probes, rovers, and even
the International Space Station (ISS). The ISS’s iconic
115-foot solar array wings, each of which contains
32,800 solar cells that produce 32 kilowatts of electricity,
were developed under the management of Glenn
Research Center.

While photovoltaic technology has certainly benefitted
space exploration, NASA has also helped transfer many
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of those technologies into a variety of commercial uses
in telecommunications, water pumping systems, medical
equipment, and lighting, just to name a few.

Technology Transfer

For his part, David Bergeron, who formerly headed
the Advanced Refrigerator Technology Team at Johnson
Space Center, sought to apply the innovations he helped
develop—PV solar heat pumps for cooling lunar bases—
here on Earth. After licensing the NASA technology, in
1999 he founded Solus Refrigeration Inc.—now called
SunDanzer Refrigeration Inc.—and developed what
became the company’s signature solar-powered refrigera-
tion units, which have gone on to benefit many industries
(Spinoff2003).

One of the El Paso, Texas-based company’s models—a
battery-free unit called the PV Direct-Drive model refrig-
erator—is now making another important contribution

by ensuring that life-saving vaccines are available in rural
communities all over the world.
SunDanzer’s PV Direct-Drive refrigerator was
designed in the early 2000s for off-the-grid users who are
located where the sun shines at least 5 hours per day. The
unit connects directly to the solar panel, thereby eliminat-
ing the need for a charge controller or batteries, which
can be tedious to replace and add extra cost over the life-
time of the unit. A key technology is the solar-powered
vapor compression heat pump that circulates refrigerant
throughout the interior and removes heat. In response
to that process, a nontoxic, water-based phase change
material freezes, creating an “ice pack” that enables tem-
perature maintenance inside the enclosure.
With its low-maintenance dependability, in 2009
the refrigerator caught the attention of the Program for
Appropriate Technology in Health, or PATH, a global
health nonprofit organization that focuses on innovative
technologies. PATH had established the Battery-Free
Solar Refrigerator challenge, a contest where
companies could apply for funding to qualify
their refrigerators as suitable for vaccine stor-
age with the World Health Organization

5 (WHO). With encouragement from the
organization, SunDanzer applied and won
the funding.

In 2010, the company renewed its license
with NASA for the battery-free technology,
then started modifying the unit’s specifica-
tions to meet the WHO’s standards.

The task of making its refrigerator
vaccine-friendly wasn’t easy, according to
Jim Airola, SunDanzer’s director of business

A

: SunDanzer Refrigeration’s Solar Direct-Drive
¥ Vaccine Refrigerator doesn’t require batteries,
which can be tedious to replace and add extra
cost over the lifetime of the unit.

Spinoff 2013



Development. The main challenge lies in maintaining
a consistent degree of cold. “Vaccines thrive in a very
specific temperature range, between around 35-46 °F,”
he says, “and configuring our refrigerator to meet that
level of precision turned out to be a complicated process.”
But the company achieved that precision by, among other
things, utilizing a fan to circulate the air more evenly
and closing off areas near the top and bottom of the unit
where the temperatures often fell out of the acceptable
range.

All that work paid off when in 2011, following trial
tests, the WHO prequalified the Solar Direct-Drive
Vaccine Refrigerator, powered by NASA technology, as
safe to use in hot zones around the world.

Benefits

According to Airola, SunDanzer’s vaccine refrigerator
is an attractive option for clinics that operate in sunny,
rural areas with little or inconsistent access to electricity.

First is the simplicity of design. “You don’t need any
expertise to hook it up,” he says. “It’s just plug and play.”
Its battery-free construction also means that fewer things
can malfunction that would require an expert to fix.
“With the conventional battery-powered units, there’s
a lot of wiring and things that could go wrong if you
don’t know what you’re doing. Our refrigerators require
minimal maintenance and are intended to run for at least
15 years.”

And while these iceboxes work most efficiently with
plenty of direct sunlight, the company’s proprietary phase
change materials, which are adept at storing thermal
energy, can sustain the unit’s internal temperature
during bouts of heavy cloud cover. For instance, the
refrigerator can withstand 3% days during combination
cloudy weather and outside temperatures of 109.4 °F.
In addition, the corrosion-resistant steel exterior and the
lockable top-opening door provide increased durability
and security.

In the short period that SunDanzer’s vaccine
refrigerators have been on the market, they have found
homes in rural areas, such as in West African Senegal,
where the company has installed 15 units. The United
Nations Children’s Fund, which buys 40 percent of the
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global purchases of these refrigerators every year, is the
company’s number one customer.

Through its work with PATH and the WHO,
Airola says the company has learned a lot about how
vaccines—and vaccine refrigerators—play an important
role in staving off disease and maintaining public health,
especially in developing countries. “We’re proud that our
refrigerators play a role in helping people stay healthy,” he
says. “It was well worth our efforts.” %

SunDanzer™ is a trademark of SunDanzer Refrigeration Inc.

A vaccine refrigerator’s
solar panel is mounted to
the roof of a rural African
clinic. The United Nations
Children’s Fund, which
provides assistance to
children in developing
countries, is the company’s
number one customer.
Inset: A unit is situated |
inside a Kenyan clinic.

“Our refrigerators
require minimal
maintenance and are
mtendgd to run for at
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Monitors Enable Medication Management in Patients’” Homes

NASA Technology

stronauts experience some strange things when
Athey live and work on the International Space

Station (ISS). For one, they get taller. Thanks
to microgravity, the disks between the vertebrae of the
spine are no longer compressed. For another, their bones
and muscles begin to weaken because they do not have
to work against gravity to move and conduct daily tasks;
astronauts simply float along doing their chores and work.

DeVon Griffin, a project manager in NASA’s Human
Research Program at Glenn Research Center, remembers
in the early 2000s when astronauts ran on a treadmill on
the ISS with weight to counter these physical changes
taking place in their bones. “The assumption was that the
exercise should be comparable to the same kind of exer-
cise that you get from just your daily activities on Earth,
but despite going through the motions, the astronauts
were still losing their body’s bone mass in the weight-
bearing portions of the skeleton,” he says.

In an attempt to understand what was happening, and
to determine what could be done to lessen the effects in
microgravity, the National Space Biomedical Research
Institute funded Dr. Peter R. Cavanagh, formerly of the
Department of Biomedical Engineering at the Cleveland
Clinic’s Lerner Research Institute, to quantify the force
transmitted to the foot during ISS treadmill exercise. The
goal of this effort was to try and match the daily force
loading on the treadmill with what would be experienced
during an average Earth day. To do this, Cavanagh
installed pressure sensors in the shoes of astronauts. But
the data collection capability for such a device on the ISS
was lacking, says Griffin. “There was a need for some-
thing that could capture, store, and transmit data, but
also be as small and lightweight as possible.”

Technology Transfer

To build a small and mobile monitoring and processing
system for use onboard the station to capture, store, and
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Adequate exercise is extremely important to help astronauts maintain a healthy amount of bone and muscle mass while in space.
Here, astronaut Sunni Williams runs on the first treadmill installed on the International Space Station (ISS).

transmit sensor data about astronauts back to Earth,
Glenn awarded Small Business Innovation Research
(SBIR) funding to Cleveland-based ZIN Technologies.
Using those funds, ZIN developed a platform that could
incorporate various sensors quantifying an astronaut’s
health status and then communicate the information to
the ground.

“The group developed a prototype that worked,”
says Griffin. “The device could go anywhere, and the
technology was very adaptable.”

For NASA, the technology could be used for virtually
all sensors, thus allowing data collection from any device

designed to monitor astronaut performance and health.
On Earth, the partners envisioned it being advantageous
for doctors to remotely monitor their patients, which is
why ZIN partnered with the Cleveland Clinic shortly
after demonstrating their first generation hardware.

After obtaining additional funding from Cleveland
State University, the Global Cardiovascular Innovation
Center, and the Ohio Third Frontier Fund, ZIN
developed the technology further and strengthened their
relationship with the Cleveland Clinic by forming a
new Cleveland-based company called FlexLife Health to
commercialize the spinoff technology.
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‘ ‘ Patients love it because they don’t have
to come into the clinic as often. . . . With a
system like this, patients don’t have to leave
the house as much.”

—Frederick J. Mindermann, FlexLife Health

Benefits

In late 2012, FlexLife Health launched the first version
of the technology called vMetrics. As part of an anti-
coagulation management system for people with chronic
cardiovascular disease, sensors paired with vMetrics were
specifically designed to monitor the levels of anti-clotting
agents like warfarin in a patient’s blood. These levels must
be closely monitored because if the dosage is too high,
there is a risk of bleeding. If the dosage is too low, the
medication becomes less effective at preventing a possible
blood clot.

According to Frederick J. Mindermann, CEO and
president of FlexLife Health, “Monitoring oral anti-coag-
ulation medication can be difficult and time consuming.
It requires frequent visits to your physician’s office to have
blood drawn, and then wait for the clinician to advise you
on the appropriate dosing. Now, there’s a better way to
manage your treatment.”

vMetrics enables the monitoring of medication in real
time at the patient’s home. After placing a blood sample
in a separate testing instrument, data about the sample
is automatically sent to the vMetrics device. The device
then sends the information to FlexLife’s secure server,
where the data is stored and can be accessed by health
professionals or transferred to the patient’s electronic
medical record.
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ZIN Technologies developed a device to store and transmit
information about astronauts’ health on the ISS. The company
then developed the system further and formed FlexLife Health
to commercialize the technology as part of an anti-coagulation
management system for people with cardiovascular disease.

Using vMetric’s touchscreen, patients and health care
professionals can interact—ask and answer questions—
and physicians, nurses, or pharmacists can adjust the
patient’s dosage if necessary.

“Patients love it because they don’t have to come into
the clinic as often,” says Mindermann. “With a system
like this, patients don’t have to leave the house as much.”
In an increasingly cost-constrained medical system, saving
money by avoiding clinic visits is an important benefit
as well.

Based on the results of a clinical trial incorporat-
ing vMetrics, nearly 83 percent of trial participants
reported that the technology made management of their
medication easier and/or saved time. For these reasons,
Mindermann is optimistic about future applications
of the technology to monitor patients across a range of

chronic conditions including congestive heart failure,
hypertension, diabetes, chronic obstructive pulmonary
disease, stroke, myocardial infarction, atrial fibrillation,
sleep apnea, and more.

“For someone with congestive heart failure, it is
important to monitor weight and heart rate, and to ask
questions about daily health,” he says. “vMetrics has an
extensive platform that we plan to expand following this
initial warfarin work.”

Griffin says he is happy that the space technology is
being used on Earth, but he hasn’t ruled out the possibil-
ity of using it in space. Even though the current exercise
program is more stringent than ever, astronauts continue
to experience a certain amount of bone loss in space, and
that remains a concern for long-term flights. %

vMetrics™ is a trademark of FlexLife Health.
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Handheld Diagnostic Device Delivers Quick Medical Readings

NASA Technology

n a 1962 speech, President John F. Kennedy said,
“We choose to go to the Moon in this decade
and do the other things, not because they are

easy, but because they are hard, because that goal will
serve to organize and measure the best of our energies
and skills.” And what a feat of engineering it was in
1969 when, after,4 days and 239,000 miles of rocket-
powered thrust, NASA’s lunar module landed on the
Moon’s surface, turning an important page in human-
kind’s progress.

Fast-forward to 2013, and the space agency has its
sights set on another lofty goal: a manned landing on
the Red Planet. ““A human mission to Mars is today the
ultimate destination in our solar system for humanity,
and it is a priority for NASA,” said NASA Administrator
Charles Bolden in a recent speech.

And what a page-turner that will be. Based on
current technology, the best estimate is that it will take
4 crewmembers 7-10 months before they land on Martian
soil. For comparison, the Mars Curiosity rover took more
than 8 months to complete its 352 million-mile flight
path. And while the Curiosity mission is a marvel of
engineering, a mission-that sends humans to Mars will be
an even larger challenge, because many innovations will
have to be developed to ensure that astronauts have the
necessary tools to survive what could be years
spent in space.

One aspect critical to an astro-
naut’s long-term survival away
from Earth is effective and

An artist’s rendition o an - .
efficient health-moni-

astronaut gathering samples
on the surface of Mars.
Long-term space missions
would require that astronauts
have access to remote health
monitoring devices, like the

Reusable Handheld Electrolyte

and Lab Technology for N
Humans (tHEALTH) sensor. -

toring technologies.
In space, there are
no laboratories
that can analyze
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blood samples in order to check for possible diseases
or deficiencies.

In 2003, NASA scientists were already looking for a
device that in one reading could register red and white
blood cell counts as well as other substances, such as
electrolytes, hormones, and other molecules. It also
needed to be conducive to use in space. “We needed
something that was miserly in terms of the resources
it required, had a long shelf life, and was very light,
adaptable, and portable,” says Emily Nelson, a senior
research engineer at Glenn Research Center.

Unable to find anything “off the shelf” that fit the bill,
Nelson says, “We came to realize we needed something
specially designed to meet our requirements, so we
identified our essential requirements and broadcast a call
for solicitations.”

Technology Transfer

Answering the call was Cambridge, Massachusetts-
based DNA Medicine Institute Inc. (DMI). Founded in
2008, the company specializes in developing innovative
medical devices, and NASA’s solicitation fell within
its expertise. That year, Glenn awarded Small Business
Innovation Research (SBIR) funding to the firm, which
went on to design the Reusable Handheld Electrolyte
and Lab Technology for Humans (tHEALTH) sensor.
It’s a compact, portable device that utilizes a battery
of technologies to measure all of the substances NASA
needed to monitor, in addition to other biomarkers.
(A biomarker is any measurable substance in the body
that can indicate various conditions; for example, a high
antibody count might indicate an infection.)

The first critical components of the device are the
microfluidic handling units, which are tiny channels
that prepare the drawn blood for analysis by moving it
through the device, which performs a series of tasks such
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as separating, diluting, and mixing various constituents.
But unlike conventional blood tests, which use cartridges
that must be discarded after every test, the tHEALTH
sensor’s units, in addition to being more efficient, are also
reusable, which cuts down on both costs and the volume
of material that needs to be brought into space. Next is
the device’s novel use of optical fluorescence technology,
which can singlehandedly measure biomarkers,
electrolytes, and analytes (biochemical substances) and
also performs cell counts. The substance in question will
glow if it’s in the sample, and its fluorescent intensity
indicates how much of it is present.

The third major component of the technology is an
example of big things coming in small packages. It was
developed through separate SBIR contracts, the first of
which was awarded the following year. In that round
of solicitations, NASA Glenn sought proposals for a
technology that had the potential to perform a massive
number of tests simultaneously on a single blood sample,
which no product on the market could do at the time.

DMI answered the call with its nanostrip reagents.
“They’re kind of similar to urine analysis or pH test
strips where you have a series of different pads for sensing
analytes,” says Eugene Chan, the company’s founder
and president. “The big difference is we’ve shrunk that
technology over a billion-fold in volume so that we can
implement that at the blood cell level.” Each individual
nanostrip can perform a panel of blood tests, and it is also
encoded with a fluorescent tag, similar to a bar code, that
identifies which set of analytes are being measured. A set
of multisensor nanostrips could then measure hundreds
of biomarkers or more from one blood sample.

Nelson says the innovation is a game changer. “Once
it’s fully developed, the DMI technology could permit
more blood tests per sample than anything on the
market,” she says. “It would also allow greater flexibility
to define the types of tests that would be done, whether
they are routine blood panels or novel biomarkers that
are used for cutting-edge research. Chan’s pioneering
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innovations could bring revolutionary new capabilities
to medical diagnosis and treatment, whether that’s in a
clinical setting or in the emergency room or in space.”

Benefits

With its low mass, efficiency, and versatility, the
rHEALTH sensor is vying with other recently developed
portable diagnostic devices for the right to be used for
space medical research onboard the International Space
Station (ISS). Scientists would like to collect data on
dozens of biomarkers on the ISS to help better
understand some of the biggest medical concerns
for long-duration spaceflight, including
immune dysregulation, bone loss, muscle
atrophy, kidney stone formation, and
visual dysfunction. The sensor has
already been proven to work in
microgravity simulations following
tests done on parabolic flights,
which mimic the weightlessness
of space.

The rtHEALTH sensor is
also currently available for pur-
chase by universities and research
centers, and within the next year the
company is expecting to get the product approved by the
Federal Drug Administration for use in hospitals, clin-
ics, and even homes. “We want to provide information
for the masses,” Chan says. “With the device, people can
measure their insulin levels, thyroid hormone and cho-
lesterol levels, practically anything. And beyond just the
variety of measurements is the time factor; from pin prick
to results spans all of two minutes.”

“A lot of times you don’t want to wait for the central
lab to get the information back to you,” Chan says, “or
you might be in space where there’s no central lab or in
the field somewhere in the middle of Africa. Having this
high-powered test in the palm of your hand is what this
is really all about.”

The rHEALTH sensor
utilizes nanostrip
technology to analyze
dozens of biomarkers

simultaneously. The device was
also designed with efficiency and
reusability in mind.

This technology is made possible, Chan says, with
support from a forward-thinking agency such as NASA.
“It takes that space-age kind of thinking to develop some-
thing that’s a breakthrough,” he says. “Ever since they’ve
[NASA] demonstrated an interest in this, the general
field has picked up. The Agency has really galvanized the

whole sector.” %
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| nnovations created by NASA are ubiquitous on the highway and inthe
air. NASA technology is hard at work in our Nation’s transportation
systems, doing everything from improving the comfort of car seats to
making flights more cost effective—they are even playing a key role
in America’s growing commercial space industry. Spinoffs featured
in this section:

e Result in Safer, Spin-Resistant Aircraft

e \isualize Data for Airline Safety, Efficiency
e Make Flights Safer, More Efficient

e |nform Comfortable Car Seats

e Pave the Way for Commercial Space






Experiments Result in

NASA Technology

ames M. Patton Jr. completed a whopping 8,000

spin turns throughout his career at NASA. As a

research pilot at Langley Research Center, Patton
and his team—which consisted of engineers Paul Stough
and Dan DiCarlo along with test pilot Phil Brown—
were bent on understanding and preventing a dangerous
condition called “spin.”

Spin, which is caused by stall, or a reduction in lift
during flight, sends an airplane spiraling toward the
ground. While pilots are taught how to recover from a
spin, even very experienced pilots can struggle with the
task when they find themselves in a spin. According to
the Aircraft Owners and Pilots Association, 28 percent
of all fatal accidents in general aviation involve the stall-
spin scenario.

To conduct research on spins, the Langley team uti-
lized four different airplanes with four different wing
shapes: a Grumman American AA1 Yankee, a Cessna
172, a Beechcraft C-23 Sundowner, and a Piper VA-2.
When flying the aircraft, the pilots deliberately caused
spins to occur. In case of an emergency, each plane had a
spin recovery parachute attached to its rear to deploy and
arrest the plane’s descent.

At the time of their research—in the 1970s and ‘80s—
the percentage of fatalities due to stall-spin was higher
than it is today. Very little was known or understood
about designing general aviation aircraft to resist spins,
but the Langley crew became experts on the subject.

“Phil and I had to use the recovery parachute a total
of 29 times,” says Patton. “We also wore personal para-
chutes, but we never had to use them.”

In 1973, the group started NASA’s General Aviation
Spin Program to devise the first-of-their-kind guidelines
for designing more spin-resistant aircraft. Over the
years, the program produced more than 100 technical
reports and generated the knowledge and techniques
that now enable safer aircraft designs. Thanks to NASA’s
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Safer, Spin-Resistant Aircraft

contributions, the Federal Aviation Administration (FAA)
introduced the Part 23 spin-resistance standard in 1991
to assist engineers in evaluating an aircraft’s stall and spin
characteristics.

Patton has received numerous awards for his NASA

work, and in 2009 he and Phil Brown were inducted
into the Virginia Aviation Hall of Fame for their exten-
sive contributions to improving aviation safety and
advancing aeronautics research. Even though Patton
retired from NASA in 1987, his team’s daredevil work
continues to inspire aircraft designers and pilots seeking
new heights today.

i b ’
Research by NASA’s General Aviation Spin Program contributed
to the Federal Aviation Administration’s (FAA) Part 23 spin-
resistance standard. Here, James Patton Jr. (center) stands with
James Bowman Jr. (left) and Sanger Burk (right) in front of a spin
research aircraft.

Technology Transfer

While at Stanford Business School, Kirk Hawkins, a
former US Air Force F-16 pilot, became keenly interested
in a new category of aircraft designated by the FAA as
Light Sport Aircraft (LSA). In 2005 the FAA established
LSA to include simple-to-operate and easy-to-fly aircraft
that could be flown using a Sport Pilot license—also a
new category. The LSA category limits Sport Pilots to
fly in lower altitudes, in uncongested airspace, during
daylight hours, and in good weather. Certification for the
license focuses on the fundamentals of flying and reduces
the time and cost of a traditional private pilot license by
about 50 percent.

Together with Steen Strand, an entrepreneur focused
on consumer product design, Hawkins formed Los
Angeles-based ICON Aircraft to manufacture a new LSA
specifically for consumer recreational flying.

At first, Hawkins and his carefully chosen team of
designers and engineers aimed to design a vehicle that was
spin-recoverable, or more easily recovered from a spin. In
the middle of the process, however, they reconsidered.
“We wanted to design a plane that was spin-resistant,”
says Hawkins, founder and CEO of ICON. “We knew it
would set us back about a year and a few million bucks,
but we knew it was the right thing to do.”

Turning to the FAA Part 23 standard, Hawkins and
his team contacted people from the Langley team to learn
more. Informed by NASA research, the ICON team
found that in order to prevent a spin, they needed to
prevent a stall. They executed this by incorporating a wing
cuff on the aircraft to separate the wing into two distinct
parts: one that allowed a stall to begin and one that
prevented it from continuing. This, in turn, prevented
a spin.

To test its design, ICON engineers treated the Part
23 standard like a rigorous exam and subjected its new
sport plane—deemed the A5—to several hundred test
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“If it wasn’t for the NASA work, there would
~ peno FAA standard, and we wouldn’t
b - have done this.”
T oy _Kirk Hawkins, ICON Aircraft )

_Asnsl

‘A5 was made for consumer
recreational flying. For
safety, it incorporates spin-
resistance—an advantage,
according to its makers,
that is similar to antilock
brake systems in cars. For
adventure, the A5 can take
off from and land on both
water and ground.
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f“ Alongside the safety elements, th«_A5
boasts a nUMber of additional features
based on the idea, “If you can drive,
: -7
you can fly. ——
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The wings of ICON Aircraft’s A5 fold back so it can fit on a custom towing trailer or in a residential garage. It runs on aviation or automotive gasoline and can fly up to 120 miles per hour.

cases required by the standard. Eventually, the A5 met
the complete set of criteria specified for Part 23 testing.

“If it wasn’t for the NASA work, there would be no
FAA standard, and we wouldn’t have done this,” says
Hawkins. “When we saw the results, it was pretty phe-
nomenal. I think the safety advantage is a disruptive one,
analogous to antilock brake systems in cars.”

Benefits

Hawkins compares the spin-resistance of the A5
to antilock brakes in cars because they are designed to
respond to maximum braking by the driver without
losing control. This way, drivers can do what they are
inclined to do—keep their foot on the brake—and the
vehicle responds predictably. The spin-resistance charac-
teristics of the A5 are similar.

“If you mis-fly and get into a spin, you panic,” explains
Hawkins. “The first thing you do is pull the stick back.
It’s like stomping the brake and saying, “Whoa! I don’t
want to do this.” The right answer is to relax back pressure
on the stick, fly toward the ground, recover the wings,
level them out, and then slowly reapply the pressure so
you miss the ground. We wanted to make an airplane
where, if you do pull the stick back, as is the pilot’s natu-
ral reaction, it doesn’t get worse. It gets better.”

Spinoff 2013

Hawkins says the spin-resistance of the A5 will save
lives. Before a spin even begins to occur, the A5 provides
a warning that tells the pilot he or she is doing something
wrong. This is especially beneficial in sport flying because
flying typically occurs at low altitude, where a spin is
most dangerous.

In addition to spin-resistance, the A5 also offers a
complete airplane parachute, another NASA spinoff
(“Rocket-Powered Parachutes Rescue Entire Planes,”
Spinoff 2010), which can bring the plane gently to the
ground should an emergency occur. “It provides confi-
dence to the customer that safety is built in, though you
likely will never have to use it,” says Hawkins. “Just like
when you buy a car, you have an airbag—but you rarely
have to use it.”

Alongside the safety elements, the A5 boasts a number
of additional features based on the idea, “If you can drive,
you can fly.” For example, ICON is collaborating with
Lotus Engineering to incorporate premium lightweight
automotive-quality components for the two-person cock-
pit. The interior instrument layout resembles a sports car.
Plus, the key instruments are grouped in one cluster, and
the safety controls are grouped in another easy-to-reach
console. The A5 also has a wraparound window canopy
with removable side windows for a clear view.

For convenience, the A5’s wings can fold back so the
aircraft can fit on a custom towing trailer or in a residen-
tial garage. As an “amphibious aircraft,” the A5 can take
off from and land on both water and ground, requiring
only 750 feet of runway or water. It also has retractable
landing gear.

Powered by a fuel-injected Rotax 912 iS engine, which
reportedly delivers up to 70 percent better fuel efficiency
than comparable engines, the A5 runs on both aviation
fuel and automotive gasoline. The maximum speed is 120
miles per hour.

So far, the company has received more than 1,000
orders for the AS5. The first one will be completed in the
summer of 2014. In addition to individuals purchasing
the spin-resistant aircraft for personal use, ICON has
demand from businesses for multiple A5 aircraft, includ-
ing flight schools, flying clubs, resorts, and adventure
companies. In 2012 the A5 also showed up in an unlikely
place: in a new Microsoft Flight PC game using the A5 as
the default aircraft in its starter pack.

While NASA may have put a new spin on flight design
several decades ago, ICON Aircraft is putting the spinoff
technology into pilots” hands for safer aircraft today. %
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Interfaces Visualize Data for Airline Safety, Efficiency

NASA Technology

t was Henry Ford who said, “Anyone who stops
Ilearning is old, whether at 20 or 80. Anyone who

keeps learning stays young.” Following such an
adage, it’s safe to say that NASA will never grow old.
From distant galaxies to Martian landscapes to Earthly
atmospheres, the Agency never stops uncovering new
information or learning about our universe.

Take the group of six Earth-observing satellites known
as the A-Train Constellation, launched by NASA and
its international partners over the last couple of decades.
Each satellite orbits the Earth one after another (like a
set of cars on a train) to simultaneously measure clouds,
aerosols, atmospheric chemistry, and other components.

The data combine to paint a more complete picture of
how the various atmospheric constituents interact with
one another, and how the composition of the atmosphere
affects Earth’s climate.

Near the middle of this group flies the Cloud-Aerosol
Lidar and Infrared Pathfinder Satellite Observation
(CALIPSO) satellite, a spacecraft that provides
measurements of the altitude of aerosols and clouds
in the atmosphere. Armed with new information
from CALIPSO, scientists hope learn more about how
clouds and aerosols regulate Earth’s weather, climate, and
air quality.

As A-Train orbits and gathers data on what’s happening
in the atmosphere, NASA scientists and Agency partners

Data from various A-Train instruments provide a more complete picture of Hurricane Bill in 2009.
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work on the ground to learn how to visualize, analyze, and
communicate the information obtained from space.

Technology Transfer

In 2008, NASA’s Langley Research Center awarded
Small Business Innovation Research (SBIR) funding to
Fairfax, Virginia-based WxAnalyst Ltd. to construct a
transparent user interface for Google Earth, a virtual
globe system, to visualize data like that from CALIPSO.
The partners wanted to devise a new capability for an
interactive display of geographical data on top of the
virtual globe.

WxAnalyst had already developed a prototype
tool called WxAzygy. As Scott Shipley, the director
of WxAnalyst, describes, “We wanted to be able to see
exactly what is in the atmosphere—in real time, height,
latitude, and longitude. We also wanted to make it so if
you click on something in the air, Google Earth doesn’t
think you are clicking on Texas. Instead, it knows you are
clicking on the hurricane above it.”

Kurt Severance, a senior computer engineer at
Langley, says NASA saw potential for visualizing data
sets, like CALIPSO’s, in this way. “The technology could
add scientific value to Google Earth,” he says. “NASA
saw promise in adding this functionality—and that there
would be a capability that a number of projects might be
able to leverage to see data more clearly.”

Through the partnership, the WxAzygy user interface
was further refined so users could see and work with
the data where it was over Earth. When a user clicks or
touches selected features above the surface, WxAzygy
interprets the request.

After its Langley work, WxAnalyst proceeded to obtain
additional funding from Goddard Space Flight Center’s
SBIR program to use WxAzygy with COLLADA,
a technology for 3D imaging, and Google Earth.
After that, the company further improved its tech-
nology with the National Oceanic and Atmospheric
Administration (NOAA).
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Benefits

In 2009, while working with NASA and NOAA,
Shipley received a phone call from the dispatch manager
at Hawaiian Airlines, Mark Spence. Also owner of a small
company called System Operations, Spence explained
that Hawaiian was already using Google Earth in their
dispatch operations, and that he was interested in what
Shipley was doing.

“He said I was doing things that Hawaiian wanted to
do in Google Earth,” says Shipley. “They were looking
at four-dimensional things like volcanic ash plumes and
cyclones, and they wanted to know where they were.”

Together, Spence and Shipley formed a joint venture
company called WxOps. After providing a demonstration
of WxAzygy on Google Earth to Hawaiian Airlines,
the airline started using the software to help see four-
dimensional data in the skies and route its planes
accordingly. Now the technology helps the airline manage
flights carrying over 6 million passengers a year from
Hawaii to the western United States, the South Pacific,
Australia, and Asia.

“Their dispatchers are in touch with their pilots all
the time, and this system allows them to roll with the
punches as conditions change,” says Shipley.

Spence says he and his team are able to make better
business decisions based on business intelligence, due
to real-time data, which also results in increased safety
and fuel efficiency. In particular, the technology assists
the airline in predicting turbulence, as well seeing where
lightning is striking. According to Spence, current
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WxAnalyst created a user interface for Google Earth to visualize NASA satellite data. The company then worked with Hawaiian Airlines

23:49:28 ¥ é
®
;r
:

HERD

:JL"I(}{}::%IL:

to show data about the skies (above) to schedule commercial planes more precisely.

weather models correctly predict convection, frontal
boundaries, tropical movement, icing, and turbulence
approximately 70 percent of the time. Now, he says, “We
can combine various data sets to get a better picture.”

Hawaiian Airlines is also benefiting by scheduling
aircraft more precisely. In the winter of 2012, a storm was
predicted to affect a flight from Honolulu to New York.
After using WxAzygy, Spence released the flight. “We
landed safely five hours after the last snowflake fell, while
the other carriers cancelled flights,” he says. “It allowed
us to operate when we might have been more reluctant,
because I would have lacked the necessary business intel-
ligence to make that decision.”

In the future, Spence and Shipley predict pilots will be
able to use the technology onboard during flight to make
decisions about where to go to avoid dangerous situations.
Aside from airlines, Shipley is also working with a
potential customer who wants to use the technology for
radar data on NASA World Wind, a virtual globe system
similar to Google Earth. Shipley is also exploring how

to use the technology to visualize underground data. “It
could be beneficial for geology educators and students,
as well as valuable to industries such as mining and
fracking,” he says.

The biggest challenge Shipley is currently facing
is having too much good information. “We have over
50 data layers and it becomes unintelligible. We are
trying different things to see what works. If you have 50
layers and point at something, what are you pointing at?
Which layer?”

Whether for pilots, students, or scientists, one thing is
certain: the technology will continue to inform people in
beneficial new ways. In line with Ford’s idea, this NASA
spinoff will help to keep people young. “NASA sees a lot
of value in the dissemination of products using technol-
ogy like this,” says Severance. “It helps people see that
computer graphics can be used to gain a better under-

standing of natural phenomena.”

WxAzygy® is a registered trademark of WxAnalyst Ltd.
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Data Mining Tools Make Flights Safer, More Efficient

NASA Technology

hen an aircraft experiences catastrophic fail-

ure, it’s not difficult to tell that something has

gone wrong. But even if an airplane reaches

its destination without an incident, it may still have bent

or broken the boundaries of safe operating procedures.

Figuring out what those boundaries should be—what

“normal” operation should look like—and devising ways

of effectively tracking them can be a tough task. Typically,

this is accomplished using modeling and real-world tests,

followed by equipping vehicles with a variety of sensors so
that flight data can be recorded and analyzed.

But an average commercial airplane generates a

massive amount of data each flight: everything from
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instrument positions to sensors to voice recordings are
collected and stored for later analysis. With so much data,
there is no good way for problems to stand out unless a
commercial company already knows what those problems
look like. Says Captain Jeff Hamlett, the director of flight
safety at Southwest Airlines Co., “We have mounds of
data; the big request is always, “Tell me something I don’t
know.” We have to start with something specific, like an
issue we discovered in a pilot report, and then we can
search through the system and discover the breadth and
depth of the issue.”

Discovering these concerns and addressing them
before they cause an accident is also one of NASA’s
missions. The Aviation Safety Program under the

Tower controllers test out NASA software
tools in a simulation at the Agency’s Future
Flight Central air traffic control tower
simulator at Ames Research Center.

Aeronautics Research Mission Directorate has many
initiatives to enable safer air transportation systems.
Among them, in the Intelligent Systems Division at Ames
Research Center, is a small team of researchers who have
been tasked with applying data mining algorithms to avia-
tion safety problems.

Technology Transfer

NASA has lots of expertise in data mining—that is,
creating tools to discover interesting patterns in large data
sets. But in order to ensure its techniques can make a real
impact on flight safety and efficiency, Ames has sought
the help of commercial partners, among them Dallas-
based Southwest.

Says Nikunj Oza, a researcher at Ames and leader of
the data mining team, “We’ve made partnerships with
Southwest and others, who then make their data acces-
sible to us to facilitate our development. In return, they
get certain insights into their data, and they can give us
feedback on how well our algorithms are working, as well
as what adjustments might make them more accurate or
user friendly.”

For Hamlett, the value of a NASA-Southwest
partnership had become apparent in 2003, when
Southwest identified a higher rate of steep approaches in
the flight data than was being reported by its pilots. “We
turned to our pilot self-reporting program, expecting to
find lots of reporting about unstable approaches, but we
couldn’t match the number that we were seeing in our
data,” he says.

Hamlett instead tried searching by phrases within pilot
reports, using a NASA-developed tool called Perilog. “It
turns out that when you read some of the elements of
the report,” he says, “they are describing an unstable
approach—saying things like ‘we were struggling to get
the airplane configured’ or ‘we were too fast—and using
all the words that describe an unstable approach, even if
they hadn’t reported it as such.” Southwest used reported
information to identify and communicate certain issues
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to air traffic controllers, making them aware, for example,
of how certain instructions impacted an airplane’s opera-
tions. By collaborating with them, Southwest has since
seen a steady improvement in the quality of approaches.

“That’s just one example of how NASA provided us
a tool that helped us look at our data in a way we never
thought about before,” says Hamlett.

Another collaborative effort between Southwest and
the Human Factors Division at Ames resulted in an
improved, rewritten set of operating procedures for the
airline in 2004. Says Hamlett, “They played a big part in
making sure that we get a good process for reviewing all
of our normal operations.” And from that work, Hamlett
made the acquaintance of Ashok Srivastava, then head of
the data mining team in the Aviation Safety Program at
NASA.

Following year-long discussions between Hamlett
and Srivastava, in 2011 NASA and Southwest signed a
Space Act Agreement to share algorithms and
flight data. The arrangement would
help the Ames team ensure that
their research was suitable for
real-world applications, and
it would help Southwest to
make the most out of its large
and growing body of data.

Benefits

As Oza puts it, NASA’s algorithms—
the two used by Southwest are the Multivariate
Time Series (MTS) search and Virtual Sensors—
specialize in “letting the data speak for itself by
finding unusual flights and candidate anomalies, with-
out having any preconceived notion of what is normal
or abnormal. The drawback is that sometimes you find
statistical anomalies that are not safety concerns, but
the benefit is that sometimes you’ll find anomalies that
you weren’t seeing before that turn out to be safety
concerns or have other operational significance, such
as excessive fuel use.”

One such revelation came when Southwest began
tracking planes in an effort to boost fuel efficiency.
Says Hamlett, “What we were trying to do was look
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at the performance of aircraft between certain cities
to see if there was a particular plane or city pair that
was off normal and causing us to burn too much fuel.”
What Southwest discovered instead was an unusual
signature with one particular plane, which when inves-
tigated turned out to be caused by inaccurate sensors.
“It wasn’t what we set out to do, but it turned into a
success for us,” says Hamlett.

Like many airlines, Southwest has traditionally
looked for performance issues in its data using exceed-
ances checked against a model. During arrival, for
instance, the plane might record an exceedance if it is
travelling faster than 250 knots while its altitude is less
than 10,000 feet. Each morning, the company looks
at a report of all the exceedances that took place the

~a

previous day and decides what action to take in the
case of undesirable trends.

Using NASA’s tools, Hamlett says Southwest can
now query the data itself to figure out what normal
operations really look like. “Just because we expect an
airplane to be on speed at 1,000 feet, on glide path, on
course, doesn’t mean that’s what normally happens. I
think what we got out of this technology is the ability
to ask, “What is normal?’ Because that turns out to be
really powerful, and we can say ‘OK, we need to make
this correction in our training,” or ‘Maybe we need to
adjust our concept of what the ideal is.””

Oza is glad to see that NASA’s work is making an
impact on commercial flight safety. “If you go into
a dark room with a flashlight, your beam only hits a
small area, and you don’t know what’s in the space
that’s dark. We're essentially going in with a broader
beam, if not a floodlight. What you find may or may

not turn out to be problematic—but at least you
now know what’s there.” %
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Using algorithms created by NASA, Southwest Airlines was able to
identify areas of concern in certain flight data. By working with its
pilots and air traffic control, the company has since seen an increase
in the number of stable approaches by its aircraft.
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NASA Standards Inform Comfortable Car Seats

NASA Technology
I n the beginning, safety trumped comfort in spacecraft

designs for human space travel. Mihriban Whitmore,

a manager in the Human Research Program at
NASA’s Johnson Space Center, describes, “Early space
capsules like Gemini and Apollo were small in size
and had a seat-driven design where most of the flight
activities were performed while the crew were strapped
to their seats.”
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The neutral body posture (NBP) shown here was created from
measurements of 12 people in the microgravity environment
onboard Skylab. In the 1980s, NASA developed special
standards, which included NBP, to specify ways to design flight
systems that support human health and safety.
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The emphasis was on function, not form. In due
time, however, the Agency devoted more attention and
resources to understanding how a spacecraft could pro-
vide comfort as well as safety and function to astronauts.
One of the first things NASA examined was the neutral
body posture (NBP), or the posture the human body
naturally assumes in microgravity.

Whitmore says NBP is important to consider when
designing safe, comfortable, and efficient systems and
hardware for space. “There was a need for measurable,
easily interpretable standards and guidance to help design
and develop next-generation human-rated spacecraft,”
she says.

NASA’s first view of NBP came from Skylab, NASA’s
first space station, where photos of crew members were
taken while they physically relaxed in the microgravity
conditions of space. These photos demonstrated that the
body automatically entered into a particular posture with
certain angles made by the joints and certain positions
assumed by the limbs.

By the 1980s, NASA had identified and docu-
mented the characteristics of NBP in the Man-Systems
Integration Standards (MSIS) NASA-STD-3000. The
MSIS specified ways to design space flight systems that
support human health, safety, and productivity, and it
was intended to inform the design of all NASA vehicles
and systems with a human crew. Specifically, the Agency
used the NBP standard for the design of space worksta-
tions and tools.

Since Skylab, NASA has significantly built on its
human posture research. For one, a Space Shuttle study
demonstrated that there is a range of NBPs for indi-
viduals. In another posture study, researchers found the
spines of astronauts lengthened in zero gravity on the
International Space Station (ISS)—information that has
since influenced the size and design of the recently-devel-
oped Orion Multi Purpose Crew Vehicle. Lastly, NASA
has future plans to perform a new study on the changes
that occur to body shape, size, and NBP onboard the ISS.

Even though the original MSIS NASA-STD-3000 has
been replaced by the NASA Space Flight Human Systems
Standard NASA-STD-3001, all of NASA’s work on NBP
has governed the development of everything from work
areas in the ISS—such as the Cupola—to comfortable
new car seats in vehicles here on Earth.

Technology Transfer

In 2005, scientists and engineers at Nissan Motor
Company, which has US offices in Franklin, Tennessee,
turned to NASA’s NBP research as a starting point for the
development of a new driver’s seat for Nissan vehicles.

Like an astronaut, the driver of a car needs to be safe
and comfortable to operate the vehicle efficiently for
extended periods of time. Because Nissan had observed
that a person’s posture appeared to play a direct role in
how physically tired he or she became while driving, the
company decided to use NASA’s NBP as a benchmark
for a comfortable, balanced posture, with the intention of
lessening fatigue on a person’s body.

Akinari Hirao, the manager of the vehicle component
engineering development division at Nissan, explains,
“Typical customer demand for seats is comfort,
especially fatigue-free. This was the motivation for
the development.”

To decrease driver exhaustion, Nissan aimed to ensure
the driver’s spine was supported to relax in its nacural
position, as outlined in NASA’s NBP studies. The com-
pany thought such a design would successfully minimize
the muscular loading on a driver’s back, pelvis, and
torso. “We hypothesized that a neutral body posture, as
measured by NASA in microgravity, seems to be a com-
fortable posture and we validated it by our experiments,”
says Hirao.

Benefits

In 2006, Nissan published the results of its first study
on its new experimental seat with a two-piece backrest
to maintain NBP. The results confirmed that the seat
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supported the spine and areas from the pelvis to the chest and improved blood flow. The
driver’s posture remained near NBP while seated in the experimental seat, and fatigue was
substantially reduced during long-term sitting.

The second phase of the company’s research, published in 2007, evaluated the prototype
seat in dynamic long-term driving conditions on a freeway. The results showed a 50 percent
reduction in physical exhaustion during driving, thanks to the new posture, compared to the
amount of fatigue experienced in conventional car seats. The authors maintained that the new
driving posture supported by the seat was close to the NBP documented by NASA in micro-
gravity conditions.

The new seat design is articulated, which means that it has two sections connected by a
flexible joint. “Our seat has no additional mechanical structures compared with a conventional
seat. We made it through optimizations of the seat surface shape and deformation properties of
the backrest,” explains Hirao. “It provides proper continuous supports from the pelvis to the
thorax. And, it keeps the spine shape naturally in the sitting posture.”

Having had such positive results, the car manufacturer debuted the seat derived from NASA
research in the 2013 Altima, and the company now has plans to include it in many upcoming
Nissan and Infiniti vehicles. In addition, the technology will be applied not only to the driver’s
and front passenger’s seats but in the rear seats of the vehicles as well.

Nissan believes the seats will make long car rides more pleasant for both drivers and pas-
sengers because a person’s muscles will work less when sitting in either the six-way adjustable
driver seat, the four-way adjustable front passenger seat, or the rear sea

Hirao says he is thankful for all of NASA’s work on NBP
important that the valuable research results from
The new seat brings comfort and less fatig:
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Nissan Motor Company utilized
NASA'’s research on NBP to
design new car seats for the
2013 Altima. According to the
company'’s research, the new
seats support a posture near
NBP, which results in improved
blood flow and reduced fatigue
for the driver. The company
plans to incorporate the seats
in many upcoming Nissan and
nfiniti vehicles.
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Heat Shield Paves the Way for Commercial Space

NASA Technology

( : omets are beautiful, and apparently it’s a youthful
kind of beauty, because they look about the same
from the time they were born. Often referred to

as dirty snowballs, they’re composed of materials—rocks,
dust, and frozen gases that emit their famous glow when
vaporized by the heat of the sun—that were left over
from the solar nebula after the planets were formed. Yet
unlike the planets, comets haven’t changed much over
these billions of years, and for this reason scientists believe
they hold clues to the beginnings of the solar system. That
was the inspiration behind NASA’s decision in the 1990s
to send a spacecraft, aptly named Stardust, into the
cosmos to retrieve samples of cometary matter for study
back on Earth.

But before Stardust could begin its 3.5 billion-
mile journey to the comet Wild 2, NASA needed new,
innovative technologies to enable the mission. For
example, Stardust would be returning to Earth faster
than any manmade object before it, plunging into the
atmosphere at speeds of 28,600 mph. Heat shields used
in previous NASA missions were simply incapable of
withstanding the blast of heat Stardust would create
upon its return. Agency engineers looked at materials the
Department of Defense had developed, but while durable
enough they were too heavy.

Then one of the principal investigators for the mission,
Ben Clark of Martin Marietta (now Lockheed Martin),
found out about the Phenolic-Impregnated Carbon
Ablator (PICA). Developed at Ames Research Center
in Northern California, the PICA heat shield weighs
one-fifth as much as its conventional counterparts and
can withstand temperatures up to 5,000 °F. A key to the
technology was using a ceramic carbon substrate for struc-
tural strength rather than relying on a polymer material to
“glue” the material together. This traditional approach
of gluing the material together with a polymer was used

for the Apollo heat shield as well as those for all of the
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Mars lander missions up until Curiosity. The benefit of
the ceramic substrate as opposed to the polymer is its har-
diness—its ability to handle extreme temperatures without
charring or melting. It seemed the perfect heat shield to
use on Stardust.

Delivered on a shoestring budget in 1998, PICA was
then quickly outfitted onto Stardust’s Sample Return
Capsule, which, if all was successful, would return the
cometary matter back to Earth for study. On February
7, 1999, the spacecraft launched into space and began
its nearly 5-year odyssey to reach Wild 2. All the
Agency could do was anxiously wait. “Because this was
a discovery-class mission, we didn’t have the luxury of
going through a very methodical, full-matrix engineering
where you perform all these tests and make sure there’s no
chance of failure,” says NASA engineer Dan Rasky, one of
the originators of PICA. “We had to get something done
with very modest resources, and on a very tight schedule.”

In the early morning of January 15, 2006, 7 years of
apprehension would climax in the passage of what Rasky
calls a few “white-knuckle” moments that began when the
capsule plunged into the Earth’s atmosphere. On moni-
tors it appeared as a large shimmering orb, and as it got
closer to Earth, a tail, not unlike a comet’s, etched a radi-
ant line across the sky. Soon after, its parachute opened,
which braced the capsule for a soft, assured landing in
Utah’s West Desert. “It was a high-wire act all the way,”
Rasky says, “and everything worked out beautifully.”

Technology Transfer

The technology that allowed for the Stardust capsule’s
safe landing would soon find another home, this time
on the privately owned and operated Dragon space-
craft—which would go on to set a number of firsts for the
emerging commercial space industry, an industry whose
growth the space agency has set out to foster.

In 2002, Elon Musk founded Hawthorne, California-
based Space Exploration Technologies Corporation,
more popularly known as SpaceX, with the express

Ames Research Center’s Arc Jet Complex reproduces heating
and pressure conditions similar to the flight environment space-
craft experience during atmospheric reentry. Here the heat shield
material that would be used for the Stardust spacecraft is being
tested for reliability in those conditions.

Spinoff 2013



The Space Exploration Technologies’, or SpaceX, Dragon spacecraft stands inside a processing hangar at Cape

Canaveral Air Force Station in Florida. Engineers install PICA-X tiles on the first Dragon flight’s heat shield carrier

structure (top inset). On December 8, 2010, the company’s Falcon 9 rocket propels Dragon into low Earth orbit
P i et for its first test flight (center inset), and, after nearly 3 and a half hours in orbit, the capsule is retrieved after a

\ - successful splash down into the Pacific ocean 500 miles off the coast of Mexico (bottom inset).
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purpose of revolutionizing space transportation, to
the point where people could one day live on other
planets. A more immediate opportunity presented itself
in January 2006 when NASA, in preparation for the
retirement of the Space Shuttle Program, put a call out for
proposals under its Commercial Orbital Transportation
Services (COTS) program, which would contract with
companies to develop spacecraft that could deliver cargo
to and from the International Space Station (ISS). SpaceX,
which had begun developing the Dragon spacecraft a few
years before, applied for and won a COTS contract later
that year.

Having seen the Stardust capsule’s successful reentry,
the company was very interested in the choice of PICA
as a material for their heat shield. Fortunately, under the
provisions of the contract, in addition to financial funding
SpaceX also had access to NASA’s brain trust of engineers
for technical consultation, which the firm made full use
of. “The group of people we worked with had basically
designed every American heat shield since the Apollo
days,” says Andrew Chambers, the company’s project lead
in this arena. “We were able to tap 40-50 years of knowl-
edge and experience, which was absolutely invaluable.”

Over the next few years Ames and SpaceX worked
closely with one another, and throughout much of
2008 Rasky worked half-time for SpaceX through an
Interagency Personnel Assignment agreement. With this
particular heat shield, Dragon’s designers would have to
contend with a challenge that Stardust didn’t pose—size.
Stardust’s Sample Return Capsule only required a PICA
shield that was a little over 1 meter in diameter; to protect
the much bulkier Dragon a 4-meter version was needed.
With the 1-meter shield, Rasky and his team worked with
Fiber Materials Incorporated to fabricate a single piece
of PICA, but that wouldn’t be possible with the larger
Dragon cargo transporter. To solve that problem they
devised an efficient and cost-effective method for manu-
facturing smaller PICA tiles, which were then fabricated
into a single heat shield.
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Another area of synergy was the development of the
Mars Curiosity rover, which was of similar diameter and
also utilized a large tiled heat shield. Both design teams
had to deal with many of the same challenges. While the
Mars rover had a head start on production, the Dragon
capsule flew first, although too late for any feedback into
the Mars capsule that was already en-route. Fortunately,
the heat shield worked flawlessly, providing much relief
for those on both teams.

In December 2008 the company was ready to qualify
their version of the heat shield material. Christened
PICA-X, it was successfully tested at Ames’ Arc Jet
Complex, where it was subjected to temperatures of
nearly 3,500 °F, comparable to conditions it would
experience upon reentry. Close cooperation with NASA
was vital during this test series, as the Agency possesses
one of the few facilities in the world that is able to
create the sort of heating environment experienced by a
spacecraft reentering, but even then it was only possible
to test a 4-inch sample. The true challenge came at
the end of Dragon’s 3-hour test flight on December 8,
2010. From Cape Canaveral, the company’s Falcon 9
rocket thrust the spacecraft into low Earth orbit, where
it performed several maneuvers. Then it began its descent
back to Earth. If things went according to plan, Dragon
would securely parachute down into the ocean off the
coast of Baja, California. This was another white-knuckle
occasion.

“All this theory, all of this analysis, all of the specula-
tion about how PICA would perform on a scale like this, it
all came down to this one landing,” says Chambers. “You
could feel the anticipation.”

The final act was over in a matter of minutes, once
Dragon pierced the Earth’s atmosphere. The spacecraft
withstood the extreme temperatures of reentry (which
caused the capsule to glow white-hot), then deployed its
parachutes and splashed down into the deep-blue waters.
After its recovery 20 minutes later, SpaceX became the
first private company in history to return a spacecraft

successfully from orbit. “It was definitely one of the most
exciting moments,” Chambers says.

Benefits

Since its landmark reentry back to Earth, the company
has hit other milestones. In May 2012 Dragon became
the first commercial spacecraft to exchange cargo payloads
onboard the ISS. On October 7 of that same year,
Dragon performed its first official resupply mission to
the ISS, delivering 882 pounds of vehicle hardware, crew
supplies, and science-related paraphernalia. It’s one of at
least 12 such missions the company is carrying out
through the Agency’s Commercial Resupply Services
contracts program.

On August 3, 2012, NASA also announced that,
through its Commercial Crew Integrated Capability
initiative, SpaceX was one of three companies awarded
a contract to develop the next generation of spacecraft
capable of sending humans into orbit. The firm had
earmarked the Dragon for manned flights from the start,
and the additional funding will allow for the development
of life support and crew escape systems and onboard
controls, all of which are necessary for human transport.

The company’s advancements haven’t escaped the
notice of companies that have satellites operating in low-
Earth orbit. The SpaceX Falcon 9 rocket—used to power
Dragon—is available for commercial satellite launches.
There are 50 launches planned through 2017.

The public-private partnership, says Chambers, has
been a successful one. “If we look at the bigger picture
than just the heat shield,” he says, “we have all these other
collaborations with NASA, and it’s moving everybody
forward. They have a wealth of resources and institutional
knowledge, and because we’re a small dynamic company
we have the ability to execute efficiently.”

Rasky from Ames agrees. “I honestly think it serves as a
model for the way NASA can work with private industry
going forward,” he says. “If we work to support deserving
commercial space companies, we can both succeed and do
more together than we can separately.” %
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SpaceX became the first
private company
in history to return a
spacecraft successfully
from Orbit.

On March 3, 2013 crewmembers aboard the International
Space Station snapped a pho?b of SpaceX'’s Dragon
spacecraft before it docked, delivering 2,300 pounds

of cargo to astronauts. The capsule returned to Earth

on March 26 with a larger 3,000-pound payload, Which
included returned science experiments and old eglipment.
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Public Safety

or NASA missions, safety is of the umost importance for everyone

from astronauts in orbit and pilots in the sky to their support
staff and engineers on the ground. Many of the Agency’s insights
into keeping its personnel safe find wider applications in industry,
keeping everyone from miners and warehouse workers to airplane
passengers protected against potential dangers. Spinoffs featured
in this section:

e Provide Life Support to Miners

e Preserve Metal, Stone, Tile, and Concrete
e Spur Software that Lends a Hand

e (Connect Emergency Managers

e Maintain Air Quality in Mines






Air Systems Provide Life Support to Miners

NASA Technology

n July 21, 2011, the Space Shuttle Atlantis,
O having successfully completed a 13-day mis-
sion to ferry supplies and spare parts to the
International Space Station (ISS), touched down on

the Kennedy Space Center’s runway for the last time,

marking the completion of NASA’s 30-year Space
Shuttle Program. The Agency has set its sights on new
horizons, such as sending humans to Mars and design-
ing other spacecraft to explore the deeper reaches of
the solar system. But one agency’s shift of focus can be
the private sector’s gain.

Before their retirement, the space shuttles, as one of
their main functions, transported American astronauts to
and from the ISS. In their absence, crewmembers now
hitch rides onboard the Russian Soyuz spacecraft. But
over the last few years, NASA, in accordance with its
goal of promoting commercial space flight, has partnered
with several US companies under its Commercial Crew
Development (CCDev) program to develop privately
operated space vehicles and supporting technologies
capable of fulfilling that transport role.

In 2009 NASA began accepting funding proposals for
the first phase of its program. One of those companies,
Paragon Space Development Corporation, offered to
develop a critical piece of life support equipment: a com-
pact air purification system.

For an astronaut, a spaceship’s interior is a protective
cocoon that provides a breathable atmosphere, but it’s a
bubble of air that must be constantly purged of impuri-
ties. Each NASA shuttle had been equipped with its own
air revitalization system whose numerous components
were dispersed throughout the vehicle. The company’s
vision was to combine all of those discrete parts into a
single, dependable module that could be installed onto
any commercial spacecraft.

Paragon is no stranger to developing life support sys-
tems for extreme environments. The Tucson-based firm
developed protective, deep-sea diving suits for the US

Paragon’s seven-person Commercial Crew Transport-Air
Revitalization System (CCT-ARS) successfully completed testing
for use in space environments.

Navy and is working on fabricating next-generation space
suits for use in future NASA missions. Coincidentally, at
the time company engineers were already developing an
air purification system in anticipation of a future boom in
commercial space transport.

“The timing was right for us to apply,” says Barry
Finger, Paragon’s director of advanced concepts and busi-
ness development.

NASA agreed, and in 2010 the two entities entered
into a Space Act agreement.

“The NASA partnership with Paragon represented the
optimal model of how you would want to stimulate the
maturation of commercial space flight technology,” says
NASA engineer Don Totton, who oversaw the project.
“They had a very defined concept that they were trying to
develop, which is a short duration environmental control
and life support system that could be commercially uti-
lized on different spacecraft in low earth orbital missions
as an integrated package.”

It didn’t take long for results to arrive. Working in
consultation with Agency engineers, in 10 months
Paragon announced completion of the Commercial Crew
Transport-Air Revitalization System (CCT-ARS)—an
all-purpose unit containing no fewer than seven life-
sustaining components: carbon dioxide removal, trace
contaminant removal, air filtration, post-fire atmospheric
recovery, cabin air circulation, a dehumidifier, and air
temperature control.

Aside from the dehumidifying mechanism, which
the company developed into a proprietary technology,
Paragon’s chief contribution lies in making it possible
for a single fan to circulate the air through all those
subsystems.

“I would call it a trick,” Finger says, “but that’s not
giving enough credit to the team. A lot of hard engineer-
ing was applied to make one fan do all of that.”

Yet for all that the CCT-ARS accomplishes, on
a typical 60-hour trip to and from the ISS, the only
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“The NASA partnership with Paragon
represented the Optimal model of
how you would want to stimulate the
maturation of commercial
space fight technology.”

—Don Totton, Johnson Space Center

The SpaceX Dragon commercial
cargo craft is grappled by the
Canadarm?2 robotic arm at the
International Space Station. For a

.l deeper look into NASA’s Commercial
; Crew Program, scan this code.
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‘ ‘ After an explosion or an accident . . .
all he has to do is get in there.”

—Connie Hendren, Mineshield

maintenance required is a simple changing out of the
carbon dioxide filters two, maybe three times.

Says Finger, “Other than that, you don’t have to touch
the machine at all.”

Technology Transfer

Crewmembers endure a dark and dangerous environ-
ment. Clean air, an urgently important resource, must be
artificially supplied within a protective chamber. Several
days may pass before they return to the safety of the
Earth’s surface.

This tableau could very well describe space travel, but
there is another extreme circumstance that fits the bill—
survival in the wake of a mining disaster.

From toxic fume leaks and gas explosions to flooding
and earthquake collapses, mines are susceptible to any
number of potentially life-threatening catastrophes.
That’s why these deeply burrowed holes in the Earth
are required by law to contain what are called refuge
alternatives. The steel-clad shelter units are stocked with
food, water, first aid kits, communication systems, and
a steady supply of clean, temperature-controlled air.
Enough provisions are housed in each chamber to sustain
a crew for up to 4 days until help arrives.

Not long after Paragon announced completion of
the CCT-ARS, made possible by partnering with NASA
through a Space Act Agreement, the Mine Safety and
Health Administration (MSHA), the federal agency
responsible for enforcing health and safety regulations in
the mining industry, saw the potential in having such a
machine be operational in a refuge alternative. After being
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safety in an emergency.

contacted by numerous companies that supply refuge
alternatives, Paragon—following numerous meetings
with MSHA officials, conducting independent research,
and touring the Bailey Mine in Pennsylvania—agreed
that its air revitalization system had much to offer, not
just skyward in Earth’s orbit, but within its hollowed
depths as well.

As a result, in March 2012 Paragon partnered with
Lancaster, Kentucky-based refuge alternative builder
Mineshield LLC, which purchased the licensing rights
for 10 years to manufacture the air revitalization unit for
its chambers.

Benefits

Recall what Paragon’s Barry Finger said, that, aside
from changing out the carbon dioxide filters every so
many hours, the machine doesn’t require any tampering
or adjusting. That, in a nutshell, is the CCT-ARS’s major
contribution to Mineshield’s refuge alternative chamber.
And it’s a contribution that cannot be overestimated.

“After an explosion or an accident, it’s a very confus-
ing time for the miners,” says Mineshield CEO Connie
Hendren. “With this new module, we have taken any

Mineshield’s refuge alternative chambers can be fitted with the CCT-ARS, which simplifies what miners need to do to ensure their

type of decision making away from the man, and all he
has to do is get in there.”

This battery-operated unit, capable of operating non-
stop for over 4 days, takes care of nearly everything else.

Although still a top-of-the-line product in the refuge
alternative market, the company’s older generation
system requires more upkeep during an emergency when
compared to the CCT-ARS. While its carbon dioxide
scrubbers need to be replaced every 12 hours or sooner,
the newer system’s more efficient ones only require a
changing out once every 24 hours. The older unit’s
temperature control system—a traditional fan system
that requires manual adjusting—is now automated by
means of a liquid cooling unit that maintains the desired
temperature. Another automated improvement over the
older model is the oxygen distribution subsystem, which
is programmed to sustain the optimal ratio of oxygen in
the chamber.

The air revitalization system’s trace contaminant
removal component is a welcomed addition to the
refuge shelter, serving an accessory role to the new major
contaminant purge system that miners pass through
before entering the living area of the chamber. Although
separate from the air revitalization unit, Paragon also
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developed that technology. The system works by having
miners crawl, or rather squeeze through, inflated air
duct barriers produced by the company, DuctSox. The
fabric is an air diffuser, which, in this scenario, dispels
contaminants from a miner’s body. Paragon engineers,
by applying computational fluid dynamics, have ensured
that enough of a positive pressure is created so that the
contaminants are forced out through the front entrance
and not entrained into the refuge alternative.

In addition to making the CCT-ARS module function
more efficiently, the purge will save companies money in
the long run. The older system requires using far more
compressed air, which is costly to refill, and also limits the
number of miners that can enter the shelter at any given
time. Indeed, when all of the technology’s efficiencies are
taken into account, Mineshield CEO Hendren says that
by using its new alternative refuge, mining companies
stand to save $30,000 per chamber in maintenance costs.

With the benefits of the new alternative refuge model
so clearly defined, the mining community’s response
shouldn’t be surprising.

“I tell you, everybody I've showed it to wants one,”
says Hendren.

Many companies that bought the old model now want
theirs retrofitted with the new technology. Other sectors
such as the Department of Homeland Security and the
Department of Defense are looking into using the cham-
bers as safe rooms.

The uptick in business has allowed Mineshield to hire
at least 30 new employees, and the firm plans to expand
operations further in the near future.

And as for Paragon, the company’s star continues to
rise. In November 2012, the Space Foundation declared
the CCT-ARS a Certified Space Technology.

“It’s really an exciting time for the company,” says
Paragon’s Finger. “We’re seeing a lot of applications for
our products, both in space and in other markets.” %
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Coatings Preserve Metal, Stone, Tile, and Concrete

NASA Technology

s numerous achievements have taken place in
A space over the last 50-plus years, a number of

innovations have simultaneously taken place on
the ground. For example, Jack Triolo, a senior engineer at
NASA’s Goddard Space Flight Center, worked with John
B. Schutt, a chemist extraordinaire and coatings specialist
at Goddard from the 1960s through the 1990s. Schutt
spent considerable time experimenting with formulas to
create super-durable coatings for spacecraft.

“My job was to fly different coatings in space,” says
Triolo, “and while some of John’s coatings didn’t work
out so well, some of them were really great.”

In particular, one of Schutt’s more impressive mixtures
was a specific inorganic formula made from potassium
silicate and zinc. Not only could the concoction keep
corrosion from forming on the steel or metal surfaces
it was applied to, but it dried quickly to a hard,
durable finish. With just one coat, the technology
delivered corrosion resistance and could withstand
extremely high temperatures.

“Many chemists were doing something similar at the
time, but they approached the combination in different
ways,” says Triolo.

The magic in Schutt’s formula came from having just
the right amount of potassium silicate and zinc so that it
would chemically combine with metal. “It became electri-
cally conductive,” says Triolo. “The zinc was electrically
connected through the potassium silicate to the steel or
the metal it was protecting.”

Though the coating was never used in space, it proved
useful here on Earth at Kennedy Space Center, where it
protected the launch facilities from degradation due to
corrosion from the salty, tropical environment and heat
from the fiery rocket launches. But that is not the only
place the coating found a home.
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Technology Transfer

NASA patented Schutt’s formula and then granted a license to a private
company, which supplied the technology for use on bridges, pipelines,
power stations, and more (Spinoff 1984, 1985, and 1990). One of the most
memorable applications was on the interior of the Statue of Liberty.

Because the potassium silicate zinc formula provides long-lasting protec-
tion with a single application, it has enabled significant material and labor
cost savings wherever it is used. In 1995, the innovation was inducted into
the Space Technology Hall of Fame.

Meanwhile, Schutt retired from NASA in the 1990s and later began
employing his NASA expertise to create new hybrids of the inorganic formu-
lation for Daytona Beach, Florida-based Adsil Corporation.

Jim Gibson, the director of business development at Adsil, says,
“We wanted to protect metal from corrosion, and Schutt developed formulas
that worked in the real world. They were optimized so they were easy to use
and affordable.”

Years later, Adsil now holds several patents related to inorganic, siloxane
coatings that are being used to protect metal and other types of materials in
a variety of environments. Sadly, Schutt passed away in 2011; his formu-
lations, however, continue to bring benefits to businesses and individuals
around the globe.

Benefits

Adsil manufactures and markets a family of coating formulations to pre-
serve, prolong, and protect a range of surfaces. Trademarked as MicroGuard,
there are products for anti-graffiti; anti-skid; heating, ventilation, and air
conditioning (HVAC) and refrigeration applications; corrosion protection;
and concrete or tile surface sealing.

As a testament to its value, MicroGuard has been used at hotels,
banks, restaurants, schools, spas, retail stores, marinas, amusement £
parks, museums, power plants, water plants, on outdoor sculptures, fj
and in sports stadiums. |

Because MicroGuard can endure extremely high temperatures, |

the company’s first commercial application was on welding tips.
“Once it was on the welding tip, the slag from the welding process
could be cleaned off easier,” says Gibson. “From there, we went
to air conditioning units and then to floor tile.”
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The tile floors of a hospital in Miami, Florida, are shown before and after being coated with Adsil Corporation’s MicroGuard Clear Treatment System. According to Adsil, the coating will lessen the
maintenance of the floors and improve the floors’ appearance. Adsil’s coatings are derived from John B. Schutt’s work at Goddard Space Flight Center on durable coatings for spacecraft.

MicroGuard has proven particularly valuable for
HVAC and refrigeration equipment, not only because
it repels dust and dirt and reduces maintenance costs
by approximately 13 percent, but because laboratory
tests have shown that it completely inhibits the growth
of mold, increases the energy efficiency up to 12 percent,
and protects against corrosion even in the harshest
of environments.

“It stays clean, and the metal can transfer heat without
interference from dirt,” says Gibson.

Another area where MicroGuard is beneficial is
on floors made of grout, concrete, or tile. According
to Gibson, the coating will last for years and treated
surfaces will not support germs, are resistant to
stains, and can be cleaned more easily. Due to ben-
efits such as these, a popular use of MicroGuard
has been in public rest stations and in hospital
restroom facilities. For the University of Florida,
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MicroGuard coatings have reduced cleaning costs by
30 percent.

An added benefit of MicroGuard is its resistance to
paints and inks. “We don’t have a surface that graffiti can
bite into. The coating, in essence, is just sitting on the
surface. You can wipe graffiti off using a green solvent
remover or a pressure washer,” says Gibson.

MicroGuard also finds many uses on aluminum, brass,
bronze, copper, and stainless-steel alloys to inhibit corro-
sion. For example, it has been applied on handrails and
light poles in public parks in New York as well as in the
Cayman Islands, where salty conditions wear away metal.

The coating also provides slip resistance, as has been
shown in testing, and has been widely used on the
floors of kitchens and medi