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INTRODUCTION

Tech Briefs are short announcements of innovations originating from research and development
activities of the National Aeronautics and Space Administration. They emphasize information con-
sidered likely to be transferable across industrial, regional, or disciplinary lines and are issued to
encourage commercial application.

Additional Information on NASA Tech Briefs and TSPs

Additional information announced herein may be obtained from the NASA Technical Reports Server:
http://ntrs.nasa.gov.

Please reference the control numbers appearing at the end of each Tech Brief. Information on NASA’s
Innovative Partnerships Program (IPP), its documents, and services is available on the World Wide Web
at http://www.ipp.nasa.gov.

Innovative Partnerships Offices are located at NASA field centers to provide technology-transfer access to
industrial users. Inquiries can be made by contacting NASA field centers listed below.

NASA Field Centers and Program Offices

Ames Research Center
David Morse

(650) 604-4724
david.r.morse@nasa.gov

Dryden Flight Research Center
Ron Young

(661) 276-3741
ronald.m.young@nasa.gov

Glenn Research Center
Kimberly A. Dalgleish-Miller
(216) 433-8047
kimberly.a.dalgleish@nasa.gov

Goddard Space Flight Center
Nona Cheeks

(301) 286-5810
nona.k.cheeks@nasa.gov

Jet Propulsion Laboratory
Dan Broderick
(818) 354-1314

daniel.f.broderick@jpl.nasa.gov

Johnson Space Center
John E. James

(281) 483-3809

john.e james@nasa.gov

Kennedy Space Center
David R. Makufka
(321) 867-6227

david.r.makufka@nasa.gov

Langley Research Center
Michelle Ferebee

(757) 864-5617
michelle.t.ferebee@nasa.gov

Marshall Space Flight Center
Terry L. Taylor

(256) 544-5916
terry.taylor@nasa.gov

Stennis Space Center
Ramona Travis

(228) 688-3832
ramona.e.travis@ssc.nasa.gov

NASA Headquarters

Daniel Lockney,

Technology Transfer Program Executive
(202) 358-2037
daniel.p.lockney@nasa.gov

Small Business Innovation Research
(SBIR) & Small Business Technology
Transfer (STTR) Programs

Rich Leshner, Program Executive
(202) 358-4920
rleshner@nasa.gov
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Technology Focus: Data Acquisition

Cloud Absorption Radiometer Autonomous Navigation

System — CANS

The system captures navigational data in real time while keeping the sensor centered on a fixed target.
Goddard Space Flight Center, Greenbelt, Maryland

CAR (cloud absorption radiometer) ac-
quires spatial reference data from host air-
craft navigation systems. This poses various
problems during CAR data reduction, in-
cluding navigation data format, accuracy
of position data, accuracy of airframe iner-
tial data, and navigation data rate. Incor-
porating its own navigation system, which
included GPS (Global Positioning Sys-
tem), roll axis inertia and rates, and three-
axis acceleration, CANS expedites data re-
duction and increases the accuracy of the
CAR end data product.

CANS provides a self-contained naviga-
tion system for the CAR, using inertial ref-
erence and GPS positional information.
The intent of the software application was
to correct the sensor with respect to air-
craft roll in real time based upon inputs
from a precision navigation sensor. In ad-
dition, the navigation information (in-
cluding GPS position), attitude data, and
sensor position details are all streamed to
a remote system for recording and later
analysis.

CANS comprises a commercially avail-
able inertial navigation system with inte-
gral GPS capability (Attitude Heading

Reference System—AHRS) integrated
into the CAR support structure and data
system. The unit is attached to the bottom
of the tripod support structure. The re-
lated GPS antenna is located on the P-3
radome immediately above the CAR. The
AHRS unit provides a RS-232 data stream
containing global position and inertial at-
titude and velocity data to the CAR, which
is recorded concurrently with the CAR
data. This independence from aircraft
navigation input provides for position and
inertial state data that accounts for very
small changes in aircraft attitude and po-
sition, sensed at the CAR location as op-
posed to aircraft state sensors typically in-
stalled close to the aircraft center of
gravity. More accurate positional data en-
ables quicker CAR data reduction with
better resolution.

The CANS software operates in two
modes: initialization/calibration and op-
erational. In the initialization/calibration
mode, the software aligns the precision
navigation sensors and initializes the com-
munications interfaces with the sensor
and the remote computing system. It also
monitors the navigation data state for

quality and ensures that the system main-
tains the required fidelity for attitude and
positional information. In the operational
mode, the software runs at 12.5 Hz and
gathers the required navigation/attitude
data, computes the required sensor cor-
rection values, and then commands the
sensor to the required roll correction. In
this manner, the sensor will stay very near
to vertical at all times, greatly improving
the resulting collected data and imagery.

CANS greatly improves quality of result-
ing imagery and data collected. In addi-
tion, the software component of the sys-
tem outputs a concisely formatted,
high-speed data stream that can be used
for further science data processing. This
precision, time-stamped data also can
benefit other instruments on the same air-
craft platform by providing extra informa-
tion from the mission flight.

This work was done by Duncan Kahle of
Goddard Space Flight Center; Charles Gatebe of
the University of Baltimore, Bill McCune of
Adaptive Aerospace, and Dustan Hellwig of
Chesapeake lechnology International. Further
information is contained in a TSP (see page
1). GSC-16395-1

3 Software Method for Computed Tomography Cylinder Data
Unwrapping, Re-slicing, and Analysis
Visualization of the data is possible in one view without having to rotate the volume rendering.
John H. Glenn Research Center, Cleveland, Ohio

A software method has been developed
that is applicable for analyzing cylindrical
and partially cylindrical objects inspected
using computed tomography (CT). This
method involves unwrapping and re-slic-
ing data so that the CT data from the
cylindrical object can be viewed as a series
of 2D sheets (or flattened “onion skins”)
in addition to a series of top view slices
and 3D volume rendering. The advan-
tages of viewing the data in this fashion
are as follows: (1) the use of standard and
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specialized image processing and analysis
methods is facilitated having 2D array
data versus a volume rendering; (2) accu-
rate lateral dimensional analysis of flaws
is possible in the unwrapped sheets versus
volume rendering; (3) flaws in the part
“jump out” at the inspector with the
proper contrast expansion settings in the
unwrapped sheets; and (4) it is much eas-
ier for the inspector to locate flaws in the
unwrapped sheets versus top view slices
for very thin cylinders. The method is

fully automated and requires no input
from the user except proper voxel di-
mension from the CT experiment and
wall thickness of the part.

The software is available in 32-bit and
64-bit versions, and can be used with bi-
nary data (8- and 16-bit) and BMP type
CT image sets. The software has memory
(RAM) and hard-drive based modes.
The advantage of the (64-bit) RAM-
based mode is speed (and is very practi-
cal for users of 64-bit Windows operating
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systems and computers having 16 GB or
more RAM). The advantage of the hard-
drive-based analysis is one can work with
essentially unlimited-sized data sets.
Separate windows are spawned for the
unwrapped/re-sliced data view and any
image processing interactive capability.
Individual unwrapped images and un-

wrapped image series can be saved in
common image formats.

More information is available at
http://www.grc.nasa.gov/WWW/Optln-
str/NDE_CT_CylinderUnwrapper.html.

This work was done by Don J. Roth of Glenn
Research Center. Further information is con-
tained in a TSP (see page 1).

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to NASA Glenn Research Center, In-
novative Partnerships Office, Atin: Steven
Fedor, Mail Stop 4-8, 21000 Brookpark
Road, Cleveland, Ohio 44135. Refer to
LEW-18808-1.

¢3 Discrete Data Qualification System and Method Comprising

Noise Series Fault Detection
Noise fault detector detects an unreasonably high or low variance or standard deviation.

John H. Glenn Research Center, Cleveland, Ohio

A Sensor Data Qualification (SDQ)
function has been developed that allows
the onboard flight computers on
NASA’s launch vehicles to determine
the validity of sensor data to ensure that
critical safety and operational decisions
are not based on faulty sensor data. This
SDQ function includes a novel noise se-
ries fault detection algorithm for quali-
fication of the output data from LOg
and LHy low-level liquid sensors. These
sensors are positioned in a launch vehi-
cle’s propellant tanks in order to detect
propellant depletion during a rocket
engine’s boost operating phase. This de-
tection capability can prevent the cata-
strophic situation where the engine op-
erates without propellant. The output

from each LO9 and LHy low-level liquid
sensor is a discrete valued signal that is
expected to be in either of two states,
depending on whether the sensor is im-
mersed (wet) or exposed (dry). Conven-
tional methods for sensor data qualifica-
tion, such as threshold limit checking,
are not effective for this type of signal
due to its discrete binary-state nature.
To address this data qualification chal-
lenge, a noise computation and evalua-
tion method, also known as a noise fault
detector, was developed to detect unrea-
sonable statistical characteristics in the
discrete data stream. The method oper-
ates on a time series of discrete data ob-
servations over a moving window of data
points and performs a continuous exam-

ination of the resulting observation
stream to identify the presence of anom-
alous characteristics. If the method de-
termines the existence of anomalous re-
sults, the data from the sensor is
disqualified for use by other monitoring
or control functions.

This work was done by Christopher Fulton,
Edmond Wong, and Kevin Melcher of Glenn
Research Center; and Randall Bickford of
Expert Microsystems, Inc. For more informa-
tion, contact kimberly.a.dalgleish@nasa.gov.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Glenn Research Center, Innovative
Partnerships Office, Attn: Steven Fedor, Mail
Stop 4-8, 21000 Brookpark Road, Cleveland,
Ohio 44135. Refer to LEW-18694-1.

Simple Laser Communications Terminal for Downlink From
Earth Orbit at Rates Exceeding 10 Gb/s

Implementation of this technology will surpass the spectrum-allocation and bandwidth
limitations of current RF systems.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A compact, low-cost laser communi-
cations transceiver was prototyped for
downlinking data at 10 Gb/s from
Earth-orbiting spacecraft. The design
can be implemented using flight-grade
parts. With emphasis on simplicity,
compactness, and light weight of the
flight transceiver, the reduced-com-
plexity design and development ap-
proach involves:

1. A high-bandwidth coarse wavelength
division multiplexed (CWDM) (4x2.5
or 10-Gb/s data-rate) downlink trans-
mitter. To simplify the system, empha-
sis is on the downlink. Optical uplink

data rate is modest (due to existing
and adequate RF uplink capability).
2. Highly simplified and compact 5-cm-
diameter clear aperture optics assem-
bly is configured to single transmit
and receive aperture laser signals.
About 2 W of 4-channel multiplexed
(1,540 to 1,555 nm) optically ampli-
fied laser power is coupled to the op-
tical assembly through a fiber optic
cable. It contains a highly compact,
precision-pointing capability two-axis
gimbal assembly to coarse point the
optics assembly. A fast steering mir-
ror, built into the optical path of the

optical assembly, is used to remove
residual pointing disturbances from
the gimbal. Acquisition, pointing,
and tracking are assisted by a beacon
laser transmitted from the ground
and received by the optical assembly,
which will allow transmission of a
laser beam.

3. Shifting the link burden to the
ground by relying on direct detection
optical receivers retrofitted to 1-m-di-
ameter ground telescopes.

4. Favored mass and volume reduction
over power-consumption reduction.
The two major variables that are avail-
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A Laser Communications Terminal consists of the optical head on a 2-axis gimbal (left), and an elec-

tronics/laser box (right).

able include laser transmit power at
either end of the link, and telescope
aperture diameter at each end of the
link. Increased laser power is traded
for smaller-aperture diameters.

5. Use of commercially available space-
qualified or qualifiable components

with traceability to flight qualifica-
tion (i.e., a flight-qualified version is
commercially available). An example
is use of Telecordia-qualified fiber
optic communication components
including active components (lasers,
amplifiers, photodetectors) that, ex-

cept for vacuum and radiation, meet

most of the qualifications required

for space.

6. Use of CWDM technique at the flight
transmitter for operation at four
channels (each at 2.5 Gb/s or a total
of 10 Gb/s data rate). Applying this
technique allows utilization of larger
active area photodetectors at the
ground station. This minimizes atmos-
pheric scintillation/turbulence in-
duced losses on the received beam at
the ground terminal.

7. Use of forward-error-correction and
deep-interleaver codes to minimize at-
mospheric turbulence effects on the
downlink beam.

Target mass and power consumption
for the flight data transmitter system is
less than 10 kg and approximately 60 W
for the 400-km orbit (900-km slant
range), and 12 kg and 120 W for the
2,000-km orbit (6,000-km slant range).
The higher mass and power for the latter
are the result of employing a higher-
power laser only.

This work was done by Joseph M. Kovalik,
Hamid Hemmati, Abhijit Biswas, and
William T. Roberts of Caltech for NASA's Jet
Propulsion Laboratory. Further information
is contained in a TSP (see page 1). NPO-
48413

Aerodynamics Database
Lyndon B. Johnson Space Center, Houston, Texas

The Application Programming Inter-
face (API) for the Crew Exploration Ve-
hicle (CEV) Aerodynamic Database has
been developed to provide the develop-
ers of software an easily implemented,
fully self-contained method of accessing
the CEV Aerodynamic Database for use
in their analysis and simulation tools.
The API is programmed in C and pro-
vides a series of functions to interact with
the database, such as initialization, select-
ing various options, and calculating the
aerodynamic data. No special functions
(file read/write, table lookup) are re-
quired on the host system other than
those included with a standard ANSI C
installation. It reads one or more files of
aero data tables.

Previous releases of aerodynamic
databases for space vehicles have only
included data tables and a document of
the algorithm and equations to com-
bine them for the total aerodynamic
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forces and moments. This process re-
quired each software tool to have a
unique implementation of the database
code. Errors or omissions in the docu-
mentation, or errors in the implemen-
tation, led to a lengthy and burden-
some process of having to debug each
instance of the code. Additionally,
input file formats differ for each space
vehicle simulation tool, requiring the
aero database tables to be reformatted
to meet the tool’s input file structure
requirements. Finally, the capabilities
for built-in table lookup routines vary
for each simulation tool. Implemen-
tation of a new database may require an
update to and verification of the table
lookup routines. This may be required
if the number of dimensions of a data
table exceeds the capability of the simu-
lation tool’s built-in lookup routines.

A single software solution was cre-
ated to provide an aerodynamics soft-

€/ Application Program Interface for the Orion

ware model that could be integrated
into other simulation and analysis
tools. The highly complex Orion aero-
dynamics model can then be quickly in-
cluded in a wide variety of tools. The
API code is written in ANSI C for ease
of portability to a wide variety of sys-
tems. The input data files are in stan-
dard formatted ASCII, also for im-
proved portability.

The API contains its own implementa-
tion of multidimensional table reading
and lookup routines. The same aerody-
namics input file can be used without
modification on all implementations.
The turnaround time from aerodynam-
ics model release to a working imple-
mentation is significantly reduced.

This work was done by Philip E. Robinson
and James Thompson of Johnson Space Cen-
ter. For further information, contact the JSC
Innovation Partnerships Office at (281) 483-
3809. MSC-24819-1



Hyperspectral Imager-Tracker

John E. Kennedy Space Center;, Florida

The Hyperspectral Imager-Tracker
(HIT) is a technique for visualization
and tracking of low-contrast, fast-moving
objects. The HIT architecture is based
on an innovative and only recently devel-
oped concept in imaging optics. This in-
novative architecture will give the Light
Prescriptions Innovators (LPI) HIT the
possibility of simultaneously collecting
the spectral band images (hyperspectral
cube), IR images, and to operate with
high-light-gathering power and high
magnification for multiple fast- moving
objects. Adaptive Spectral Filtering algo-
rithms will efficiently increase the con-
trast of low-contrast scenes.

The most hazardous parts of a space mis-
sion are the first stage of a launch and the
last 10 kilometers of the landing trajectory.

In general, a close watch on spacecraft op-
eration is required at distances up to 70
km. Tracking at such distances is usually as-
sociated with the use of radar, but its milli-
radian angular resolution translates to 100-
m spatial resolution at 70-km distance.
With sufficient power, radar can track a
spacecraft as a whole object, but will not
provide detail in the case of an accident,
particularly for small debris in the one-
meter range, which can only be achieved
optically. It will be important to track the
debris, which could disintegrate further
into more debris, all the way to the ground.
Such fragmentation could cause ballistic
predictions, based on observations using
high-resolution but narrow-field optics for
only the first few seconds of the event, to be
inaccurate. No optical imager architecture

exists to satisfy NASA requirements.

The HIT was developed for space vehi-
cle tracking, in-flight inspection, and in
the case of an accident, a detailed record-
ing of the event. The system is a combina-
tion of five subsystems: (1) a “roving
fovea” telescope with a wide 30° field of
regard; (2) mnarrow, high-resolution
“fovea” field optics; (3) a “Coude” optics
system for telescope output beam stabi-
lization; (4) a hyperspectral-mutispectral
imaging assembly; and (5) image analysis
software with effective adaptive spectral
filtering algorithm for real-time contrast
enhancement.

This work was done by Ilya Agurok of Pre-
seriptions Innovators, LLC for Kennedy Space
Center. Further information is contained in a
TSP (see page 1). KSC-13234

@ Web Application Software for Ground Operations Planning
Database (GOPDb) Management

John I Kennedy Space Center, Florida

A Web application facilitates collabora-
tive development of the ground operations
planning document. This will reduce costs
and development time for new programs
by incorporating the data governance, ac-
cess control, and revision tracking of the
ground operations planning data.

Ground Operations Planning requires
the creation and maintenance of detailed
timelines and documentation. The
GOPDb Web application was created
using state-of-the-art Web 2.0 technolo-
gies, and was deployed as SaaS (Software
as a Service), with an emphasis on data
governance and security needs. Applica-
tion access is managed using two-factor
authentication, with data write permis-

sions tied to user roles and responsibili-
ties. Multiple instances of the application
can be deployed on a Web server to meet
the robust needs for multiple, future pro-
grams with minimal additional cost.

This innovation features high avail-
ability and scalability, with no additional
software that needs to be bought or in-
stalled. For data governance and security
(data quality, management, business
process management, and risk manage-
ment for data handling), the software
uses NAMS. No local copy/cloning of
data is permitted. Data change
log/tracking is addressed, as well as col-
laboration, work flow, and process stan-
dardization. The software provides on-

line documentation and detailed Web-
based help.

There are multiple ways that this soft-
ware can be deployed on a Web server to
meet ground operations planning needs
for future programs. The software could
be used to support commercial crew
ground operations planning, as well as
commercial payload/satellite ground op-
erations planning. The application
source code and database schema are
owned by NASA.

This work was done by Clifton Lanham of
Kennedy Space Center, and Pravinkumar Asar,
Shawn Kallner, and Jeffrey Gernand of SAIC.
Further information is contained in a TSP
(see page 1). KSC-13621
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Electronics/Computers

Goddard Space Flight Center, Greenbelt, Maryland

This software implements software-
defined radio procession over multi-
core, multi-CPU systems in a way that
maximizes the use of CPU resources in
the system. The software treats each
processing step in either a communica-
tions or navigation modulator or de-
modulator system as an independent,
threaded block. Each threaded block is
defined with a programmable number
of input or output buffers; these
buffers are implemented using POSIX
pipes. In addition, each threaded block

is assigned a unique thread upon block
installation. A modulator or demodula-
tor system is built by assembly of the
threaded blocks into a flow graph,
which assembles the processing blocks
to accomplish the desired signal pro-
cessing. This software architecture al-
lows the software to scale effortlessly
between single CPU/single-core comp-
uters or multi-CPU/multi-core com-
puters without recompilation.

NASA spaceflight and ground com-
munications systems currently rely ex-

2 Software Defined Radio With Parallelized Software Architecture

clusively on ASICs or FPGAs. This soft-
ware allows low- and medium-bandwidth
(100 bps to =50 Mbps) software defined
radios to be designed and implemented
solely in C/C++ software, while lowering
development costs and facilitating reuse
and extensibility.

This work was done by Greg Heckler of
Goddard Space Flight Center. Further infor-
mation is contained in a TSP (see page 1).
GSC-16442-1

@ Compact Radar Transceiver With Included Calibration

Volume and weight are reduced without performance penalties.
Goddard Space Flight Center, Greenbelt, Maryland

The Digital Beamforming Synthetic
Aperture Radar (DBSAR) is an eight-chan-
nel phased array radar system that employs
solid-state radar transceivers, a microstrip
patch antenna, and a reconfigurable wave-
form generator and processor unit. The
original DBSAR transceiver design utilizes
connectorized electronic components that
tend to be physically large and heavy. To
achieve increased functionality in a smaller
volume, PCB (printed circuit board) trans-
ceivers were designed to replace the large
connectorized transceivers.

One of the most challenging problems
designing the transceivers in a PCB for-
mat was achieving proper performance
in the calibration path. For a radar loop-
back calibration path, a portion of the
transmit signal is coupled out of the an-
tenna feed and fed back into the receiver.
This is achieved using passive compo-
nents for stability and repeatability. Some
signal also leaks through the receive path.
As these two signal paths are correlated
via an unpredictable phase, the leakage
through the receive path during transmit
must be 30 dB below the calibration path.
For DBSAR’s design, this requirement
called for a 100-dB isolation in the re-
ceiver path during transmit.

A total of 16 solid-state L-band trans-
ceivers on a PCB format were designed.
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The transceivers include frequency con-
version stages, T/R switching, and a cal-
ibration path capable of measuring the
transmit power-receiver gain product
during transmit for pulse-by-pulse cali-
bration or matched filtering. In particu-
lar, this calibration path achieves 100-dB

isolation between the transmitted signal
and the low-noise amplifier through the
use of a switching network and a section
of physical walls achieving attenuation of
radiated leakage.

The transceivers were designed in mi-
crostrip PCBs with lumped elements and

DBSAR's New Transceiver Architecture will enable the implementation and demonstration of the
next-generation digital beamfoming synthetic aperture radar, and help advance the technology for
infusion in future Earth science and planetary missions.



individually packaged components for
compactness. Each transceiver was de-
signed on a single PCB with a custom en-
closure providing interior walls and com-
partments to isolate  transceiver
subsystems from radiated interference.
The enclosure also acts as a heat sink for
the voltage regulators and power ampli-
fiers inside the system. The PCB trans-
ceiver design produces transmit pulses of

2 W with an arbitrary duty cycle. Each
transceiver is fed by an external 120-MHz
signal transmit and two 1,140-MHz local
oscillator signals. The received signal is
amplified and downconverted to 120
MHz and is fed to the data processor. The
transceiver dimensions are approximately
3.5x11.5x0.6 in. (9x29x1.5 cm).

The PCB transceiver design reduces
the volume and weight of the DBSAR

instrument while maintaining the func-
tionality found in the original design.
Both volume and weight are critical for
airborne and flight remote sensing in-
strumentation.

This work was done by Matthew McLinden
and Rafael Rincon of Goddard Space Flight
Center. Further information is contained in a
TSP (see page 1).

GSC-16508-1

Goddard Space Flight Center, Greenbelt, Maryland

This software implements software-
defined radio procession over multi-
core, multi-CPU systems in a way that
maximizes the use of CPU resources in
the system. The software treats each
processing step in either a communica-
tions or navigation modulator or de-
modulator system as an independent,
threaded block. Each threaded block is
defined with a programmable number
of input or output buffers; these buffers
are implemented using POSIX pipes. In
addition, each threaded block is as-
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signed a unique thread upon block in-
stallation. A modulator or demodulator
system is built by assembly of the
threaded blocks into a flow graph,
which assembles the processing blocks
to accomplish the desired signal pro-
cessing. This software architecture al-
lows the software to scale effortlessly be-
tween single CPU/single-core com-
puters or multi-CPU/multi-core com-
puters without recompilation.

NASA spaceflight and ground com-
munications systems currently rely ex-

2 Software Defined Radio With Parallelized Software Architecture

clusively on ASICs or FPGAs. This soft-
ware allows low- and medium-bandwidth
(100 bps to =50 Mbps) software defined
radios to be designed and implemented
solely in C/C++ software, while lowering
development costs and facilitating reuse
and extensibility.

This work was done by Greg Heckler of God-
dard Space Flight Center. Further information
s contained in a TSP (see page 1). GSC-
16442-1
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Manufacturing & Prototyping

& Phase Change Material Thermal Power Generator
NASA’s Jet Propulsion Laboratory, Pasadena, California

An innovative modification has been
made to a previously patented design
for the Phase Change Material (PCM)
Thermal Generator, which works in
water where ocean temperature alterna-
tively melts wax in canisters, or allows
the wax to re-solidify, causing high-pres-
sure oil to flow through a hydraulic gen-

erator, thus creating electricity to
charge a battery that powers the vehicle.
In this modification, a similar thermal
PCM device has been created that is
heated and cooled by the air and solar
radiation instead of using ocean tem-
perature differences to change the PCM
from solid to liquid. This innovation al-

lows the device to use thermal energy to
generate electricity on land, instead of
just in the ocean.

This work was done by Jack A. Jones of Cal-
tech for NASA’s Kennedy Space Center. Fur-
ther information is contained in a TSP (see
page 1). NPO-48630

E The Thermal Hogan — A Means of Surviving the Lunar Night

Lyndon B. Johnson Space Center, Houston, Texas

A document describes the Thermal
Hogan, a new shelter concept that
would be used on the Moon to moderate
the extreme nighttime temperatures, al-
lowing survival of equipment with mini-
mal heater power. It is lightweight, has
few mechanical parts, and would be rel-
atively easy to deploy on the Moon.

The Lunar Hogan has two parts: an in-
sulated shelter and a thermal mass. The
shelter is constructed of multilayer insu-

lation (MLI) draped over a structural
framework. Entry and egress are accom-
plished either by raising the structure or
via a door constructed of the same MLI
material as the shelter. The thermal
mass can be manufactured from locally
available materials, either by piling sub-
stantially sized rocks to a depth of 0.25
meter, or by filling a 0.25-meter-deep
conductive honeycomb-like structure
with lunar dust. For ease of transport,

the structural framework and honey-
comb can be collapsible. The door can
be opened by pushing on it in either di-
rection. Gravity would cause it to close
and it could be sealed via magnetic strips
on the doorframe.

This work was done by Neelay Fruitwala,
Eugene Ungar, and John Cornwell of Johnson
Space Center. Further information is con-
tained in a TSP (see page 1). MSC-24898-1

E Micromachined Active Magnetic Regenerator for

Low-Temperature Magnetic Coolers
Fabrication improvements are evaluated and introduced.

Goddard Space Flight Center, Greenbelt, Maryland

A design of an Active Magnetic Regen-
erative Refrigeration (AMRR) system
has been developed for space applica-
tions. It uses an innovative *He cryo-
genic circulator to provide continuous
remote/distributed cooling at tempera-
tures in the range of 2 K with a heat sink
at about 15 K. A critical component
technology for this cooling system is a
highly efficient active magnetic regener-
ator, which is a regenerative heat ex-
changer with its matrix material made of
magnetic refrigerant gadolinium gal-
lium garnet (GGG).

Creare Inc. is developing a mi-
crochannel GGG regenerator with an
anisotropic structured bed for high sys-
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tem thermal efficiency. The regenerator
core consists of a stack of thin, single-
crystal GGG disks alternating with thin
polymer insulating layers. The insulating
layers help minimize the axial conduc-
tion heat leak, since GGG has a very
high thermal conductivity in the regen-
erator’s operating temperature range.
The GGG disks contain microchannels
with width near 100 micrometers, which
enhance the heat transfer between the
circulating flow and the refrigerant bed.
The unique flow configuration of the
GGG plates ensures a uniform flow dis-
tribution across the plates.

The main fabrication challenges for
the regenerator are the machining of

Microchannels in a 150-um thick GGG disk fabri-
cated by ultra-short pulse laser micromachining.
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high-aspect-ratio microchannels in
fragile, single-crystal GGG disks and
fabrication and assembly of the GGG
insulation layers. Feasibility demonstra-
tions to date include use of an ultra-
short-pulse laser to machine mi-
crochannels  without  producing
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unacceptable microcracking or deposi-
tion of recast material, as shown in the
figure, and attachment of a thin insula-
tion layer to a GGG disk without ob-
structing the flow paths. At the time of
this reporting, efforts were focused on
improving the laser machining process

to increase machining speed and fur-
ther reduce microcracking.

This work was done by Weibo Chen and Michael
D. Jaeger of Creare Incorporated for Goddard Space
Hight Center: Further information is contained
in a TSP (see page 1). GSCG-16220+1
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Materials & Coatings

W Nano-Ceramic Coated Plastics

Adding this non-stick coating to cookware can create easy-to-clean plastic containers.
John H. Glenn Research Center, Cleveland, Ohio

Plastic products, due to their dura-
bility, safety, and low manufacturing
cost, are now rapidly replacing cook-
ware items traditionally made of glass
and ceramics. Despite this trend, some
still prefer relatively expensive and
more fragile ceramic/glassware be-
cause plastics can deteriorate over time
after exposure to foods, which can gen-
erate odors, bad appearance, and/or
color change. Nano-ceramic coatings
can eliminate these drawbacks while
still retaining the advantages of the
plastic, since the coating only alters the
surface of the plastic. The surface coat-
ing adds functionality to the plastics
such as self-cleaning and disinfectant
capabilities that result from a photocat-
alytic effect of certain ceramic systems.
These ceramic coatings can also pro-
vide non-stick surfaces and higher tem-
perature capabilities for the base plas-
tics without resorting to ceramic or
glass materials.

Titanium dioxide (TiO9) and zinc
oxide (ZnO) are the candidates for a
nano-ceramic coating to deposit on the
plastics or plastic films used in cook-

ware and kitchenware. Both are wide-
bandgap semiconductors (3.0 to 3.2 eV
for TiO9 and 3.2 to 3.3 eV for ZnO), so
they exhibit a photocatalytic property
under ultraviolet (UV) light. This will
lead to decomposition of organic com-
pounds. Decomposed products can be
easily washed off by water, so the use of
detergents will be minimal. High-crys-
talline film with large surface area for
the reaction is essential to guarantee
good photocatalytic performance of
these oxides. Low-temperature process-
ing (<100 °C) is also a key to generating
these ceramic coatings on the plastics.
One possible way of processing nano-
ceramic coatings at low temperatures (<
90 °C) is to take advantage of in-situ
precipitated nanoparticles and nano-
structures grown from aqueous solution.
These nanostructures can be tailored to
ceramic film formation and the subse-
quent microstructure development. In
addition, the process provides environ-
mentfriendly processing because of the
aqueous solution. Low-temperature pro-
cessing has also shown versatility to gen-
erate various nanostructures. The

growth of low-dimensional nanostruc-
tures (0-D, 1-D) provides a means of en-
hancing the crystallinity of the solution-
prepared films that is of importance for
photocatalytic performance.

This technology can generate
durable, fully functional nano-ce-
ramic coatings (TiOg, ZnO) on plastic
materials (silicone, Teflon, PET, etc.)
that can possess both photocatalytic
oxide properties and flexible plastic
properties. Processing cost is low and
it does not require any expensive
equipment investment. Processing
can be scalable to current manufac-
turing infrastructure.

This work was done by Junghyun Cho of
Binghamton University for Glenn Research
Center. Further information is contained in a
TSP (see page 1).

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to NASA Glenn Research Center, In-
novative Partnerships Office, Atin: Steven
Fedor, Mail Stop 4-8, 21000 Brookpark
Road, Cleveland, Ohio 44135. Refer to
LEW-19005-1.

W Preparation of a Bimetal Using Mechanical Alloying for
Environmental or Industrial Use

This technology could be of use for catalyst production or environmental applications.

John F Kennedy Space Center; Florida

Following the 1976 Toxic Substances
Control Act ban on their manufacture,
PCBs remain an environmental threat.
PCBs are known to bio-accumulate and
concentrate in fatty tissues. Further
complications arise from the potential
for contamination of commercial mix-
tures with other more toxic chlorinated
compounds such as polychlorinated
dibenzodioxins (PCDDs) and polychlo-
rinated dibenzofurans (PCDFs). Until
recently, only one option was available
for the treatment of PCB-contaminated
materials: incineration. This may prove
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to be more detrimental to the environ-
ment than the PCBs themselves due to
the potential for formation of PCDDs.
Metals have been used for the past
ten years for the remediation of halo-
genated solvents and other contami-
nants in the environment; however,
zero-valent metals alone do not possess
the activity required to dehalogenate
PCBs. Palladium has been shown to act
as an excellent catalyst for the dechlo-
rination of PCBs with active metals.
This invention is a method for the pro-
duction of a palladium/magnesium

bimetal capable of dechlorinating PCBs
using mechanical milling/mechanical
alloying. Other base metals and cata-
lysts may also be alloyed together (e.g.,
nickel or zinc) to create a similarly
functioning catalyst system. Several
bimetal catalyst systems currently can
be used for processes such as hydrogen
peroxide synthesis, oxidation of
ethane, selective oxidation, hydrogena-
tion, and production of syngas for fur-
ther conversion to clean fuels. The
processes for making these bimetal cat-
alysts often involve vapor deposition.
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This technology provides an alternative
to vapor deposition that may provide
equally active catalysts.

A hydrogenation catalyst including a
base material coated with a catalytic
metal is made using mechanical milling
techniques. The hydrogenation catalysts
are used as an excellent catalyst for the
dehalogenation of contaminated com-
pounds and the remediation of other
industrial compounds. The mechanical
milling technique 1is simpler and
cheaper than previously used methods
for producing hydrogenation catalysts.

Preferably, the hydrogenation catalyst
is a bimetallic particle formed from a
zero-valent iron or zero-valent magne-
sium particle coated with palladium that

is impregnated onto a high-surface-area
graphite support. The zero-valent metal
particles should be microscale or
nanoscale zero-valent magnesium or
zero-valent iron particles. Other zero-va-
lent metal particles and combinations
may be used. Additionally, the base ma-
terial may be selected from a variety of
minerals including, but not limited to,
alumina and zeolites. The -catalytic
metal is preferably selected from the
group consisting of noble metals and
transition metals, preferably palladium.

The mechanical milling process in-
cludes milling the base material with a
catalytic metal impregnated into a high-
surface-area support to form the hydro-
genation catalyst. In a preferred me-

chanical milling process, a zero-valent
metal particle is provided as the base
material, preferably having a particle
size of less than about 10 microns,
preferably 0.1 to 10 microns or smaller,
prior to milling. The catalytic metal is
supported on a conductive carbon sup-
port structure prior to milling. For ex-
ample, palladium may be impregnated
on a graphite support. Other support
structures such as semiconductive
metal oxides may also be used.

This work was done by Jacqueline Quinn
of Kennedy Space Center and Cherie Geiger
and Christian Clausen of the University of
Central Florida. For more information, con-
tact the KSC Technology Transfer Office