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What's Driving
Virtual Instrumentation?
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Thousands of LabVIEW™ Instrument Drivrs
from Hundreds of Vendors

Take your measurements faster with NI LabVIEW, an industry-standard graphical
development environment that lets you create virtual instruments for your
measurement and automation applications. Using LabVIEW with instrument drivers
from hundreds of vendors, you can quickly configure and control your instruments
and other measurement hardware, avoiding tedious instrument programming tasks.
Now, you can focus on your measurements, saving you valuable time.

R conino NATIONAL

INSTRUMENTS

(800) 453-6202

Fax: (512) 683-9300 ® info@ni.com
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séi' Applicafibns of ‘the Mdnth |

SYNRAD

An Excel Technology Company

A Marking Saw Blades with Sealed CO, Lasers

These codes were marked on a
stainless steel saw blade with a
125-watt Synrad laser.

Synrad lasers are ideal for marking
mild and stainless steels. Often
considered an Nd: YAG laser
application, steel marking can be easily
accomplished with a CO, laser. CO,
lasers offer users a number of benefits
over YAGs, including fewer safety
requirements and higher contrast on
some metals. Additionally, CO, laser
marking systems are generally less
expensive than YAG systems.

The readable marks on the saw
blade in the photos to the left were
created using a Synrad 125-watt laser

at a speed of 4.5 inches per second,
and a resolution of 425 dpi. The matrix
code has a cycle time of 5.7 seconds,
the bar code has a cycle time of 18.9
seconds, and the filled text has a cycle
time of 47.8 seconds.

Engraved marks on thin metal
would potentially weaken the strength
of the material, but these permanent,
contrasting marks were created on the
surface of the blade, leaving the
strength of the material unaffected.

A Laser Marking Rubber Tires

2 ~ 2§ r
Crisp, readable marks can be created
on tires with Synrad CO, lasers.

Synrad’s 125-watt CO, laser, FH-
Series marking head, and 200mm lens
were used to create the engraved
marks (approximately 10mm high) on
the rubber tires in the photo to the
left. The marks were created at a
speed of 25 inches per second, with a
resolution of 250dpi, to achieve a
cycle time of 4.7 seconds. The same
quality of marks can be achieved at a

speed of 5 inches per second (cycle
time of 16.6 seconds) using 25 watts
of power.

The advantage of laser marking
over molded characters is clear: part-
to-part flexibility, barcoding,
serializing, and customization
capabilities can be made without the
need to re-tool.

Although bronze is highly
reflective to the CO, wavelength, we
were able to cut this 0.028”-thick mesh
using a Synrad 240-watt CO, laser and
40psi oxygen assist gas. Cutting speed
was increased from 7 to 32 inches per
minute by simply placing a 0.01”-thick
sheet of paper on top of the mesh.

The paper provides an extra layer of
absorption, transmitting more of the
laser heat into cutting power. The
spacing between the wires (rather than
having a solid sheet) also aids in the
absorption of the laser beam.

A Laser Cutting Bronze Mesh

e -

Bronze mesh cut with a 240-watt
Synrad CO; laser.

Discover more CO, laser applications!
Sign up for our
online Applications Newsletter at
www.synrad.com/signup1

All applications on this page were
processed at Synrad’s Applications
Laboratory. Synrad, the world’s
leading manufacturer of sealed CO,
lasers, offers free process evaluations
to companies with qualified
applications. Call 1-800-SYNRADI for
more information.

Synrad, Inc. 4600 Campus Place Mukilteo, WA 98275 USA
tel 1.425.349.3500 e toll-free 1.800.SYNRAD1 e fax 1.425.349.3667 * e-mail synrad@synrad.com » www.synrad.com

For Free Info Enter No. 502 at www.nasatech.com/rs



Your One-Stop
Solution!
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For 120 years,
we've helped make the impossible possible.

It's your turn.




Enter the Emhart Design Contest.

At Emhart, we pride ourselves on innovative thinking that helps designers see
their ideas become reality. But we don't want to take all the glory. So beginning
September 3, we're giving designers like you the chance to see your own dreams
come true in the Emhart Design Contest. Enter your most innovative design and
you could win a dream of a prize. More important, you'll get the worldwide
recognition and support you need to take your idea from the drawing board
to the production line. For details visit www.emhartcontest.com. After all, we
believe that when it comes to innovative design, anything's possible.
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Grand Prize First Prize Second Prize
Hybrid Vehicle or Segway Transporter or Dewalt Power Tool
$20,000 cash Travel & Tour of NASA combination kit

for party of four during a launch day

Merit Prizes Black & Decker Power Tools

To enter visit www.emhartcontest.com m
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() |Hewlett-Packard
Optimizes New
Tape Drive with
Simulation Software

----

Mechanical Event Simulation
of Magnetic Back-up Tape

Hewlett-Packard Chooses ALGOR FEA
to Extend the Life of Back-up Tape

Linear Tape-Open (LTO) technology, developed jointly by Hewlett-
Packard Company (HP), IBM and Seagate, replaces proprietary
formats for corporate back-up solutions with an open tape format that
makes it easier for customers to choose products. Hewlett-Packard
used ALGOR’s Mechanical Event Simulation (MES) software to
analyze the behavior of the magnetic recording tape as it is wound
through a Hewlett-Packard LTO Ultrium back-up drive.

The Challenge

Hewlett-Packard's challenge was to optimize the LTO drive to
increase tape durability while maintaining tape path stability. To study
the tape’s behavior, the software had to simulate motion, contact
between parts in an assembly, large displacement, elastic material
behavior and stresses.

For this complete story and others, visit
hptapedrive. ALGOR.com

autodesk

authorized developer [N KEY PARTNER

All trademarks may be trademarks or registered trademarks of their respective owners.
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Von Mises Stress
from the Mechanical
Event Simulation

me to nmke- '
ments and optimize
the design."

Paul Poorman
Mechanical Engineer
Hewlett-Packard Company

The Solution

A Hewlett-Packard engineer, Paul Poorman, modeled the magnetic
tape with isotropic shell elements and the drive assembly using
kinematic elements. In the MES, the tape wraps around two rollers
and across a tape head and is then pulled into a take-up reel. The
MES results showed the motion of the tape and resulting stresses.
These results helped Hewlett-Packard find a proprietary solution that
keeps the tape on track while reducing stresses on the edge of the
tape, thus extending the life of the back-up tape. Paul Poorman
reports, “The first generation of Hewlett-Packard Ultrium drives is
currently in the market and performing well."

USA/Canada
\ 1.800.48. ALGOR
4 ALGOR. ...

0.800.918.917

ALGOR, Inc.

150 Beta Drive Italy

Pittsburgh, PA 15238-2932 USA 800.783.132

Phone 1.412.967.2700

1.412.967.2781 Singapore

800.120.3775
hptapedrive@algor.com
hptapedrive. ALGOR.com United Kingdom

0.800.731.0399
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This document was prepared under the sponsorship of the National Aeronautics and Space
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PRODUCT OF THE MONTH

The xPC TargetBox™ from

The MathWorks, Natick, MA,

is an industrial PC that performs
real-time analysis, simulation,
and testing of control

and DSP systems.

14

ON THE COVER

Rugged portables are a fast-growing segment
of the computer hardware market. Used by
field engineers for test and data acquisition
applications, they combine desktop power and
a tough enclosure. One of these systems is the
FlexPAC’, a six-slot version of the FlexPAC™
rugged portable from Dolch Computer Systems,
Fremont, CA. The FlexPAC® provides Pentium® 4
processing power with six full-size PCl and/or
ISA expansion slots. Read more about the next
generation of computer hardware in the
feature beginning on page 27.

! a‘;,

(Image courtesy of Dolch Computer Systems)

Permissions: Authorization to photocopy items for internal or personal use, or the internal or
personal use of specific clients, is granted by Associated Business Publications, provided that
the flat fee of $3.00 per copy be paid directly to the Copyright Clearance Center (222 Rose
Wood Dr., Danvers, MA 01923). For those organizations that have been granted a photocopy
license by CCC, a separate system of payment has been arranged. The fee code for users of the
Transactional Reporting Service is: ISSN 0145-319X194 $3.00+ .00

n MiCI'OStI‘aiIf Micro Sensors. Big Ideas”

Displacement sensors from an
award winning company.

MicroStrain’s range of displacement
sensing devices are used by
America’s largest automakers and
by innovative start-ups.

At MicroStrain, we help find
solutions for the most difficult
sensing challenges. Our patented
packaging and compensation
techniques perform in the harshest
environments.

Every device is carefully tested prior
to shipment, and calibration data
are included with each order. /

*1.5mm
diameter

Please visit us at www.microstrain.com

micro displacement transducers I | I

* temperature compensation to 200°c
* microminiature

* non-contact

* submergible

Visit us online at (AL GS (GIRRILIto see our line of micro displacement transducers.
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Was your last product obsolete before it hit the market?

The faster you get new products onto the shelf, the greater their chance for success. EDS Unigraphics® NX helps
you speed your products to market with Total Product Engineering—a next generation system that allows you
to capture, re-use and share knowledge easily. Unigraphics NX leverages your company's best practices so your
product teams can quickly create and reuse product information. It allows your teams to design, simulate,
optimize, document, build and test products and their processes in record time. With Unigraphics NX, you
can build a digital environment that gets products to market ahead of your competition. Increase your chance
for success by joining us for NX Day, October 8. To learn more, call 877-342-5847 or visit eds.com/pIm.

Unigraphics® NX

Solutions .DS

PLM

© 2002 EDS. EDS and Unigraphics are registered marks and EDS & Design, EDS Solved & Design and Unigraphics are trademarks of Electronic Data Systems Corporation or its subsidiaries.
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MICRO-EPSILON

HH)

Laser- |

HIGHEST
“PERFORMANCE /
PRICE RATIO”

Diameter

Specificati
Measuring range 34 mm
Resolution <1 um
Repeatability <3 um
Linearity <10 um
Measurement rate 2.3 kHz

Transmitter to receiver distance
up to 700 mm

Smallest object 0.5 mm

you can count on:

www.micro-epsilon.com

MICRO-EPSILON - Raleigh, NC 27617-7419
Tel.: 919 787-9707 - Fax: 919 787-9706
me@micro-epsilon.com
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Introducing the merger of CAD and design management.
Who knew engineers could get so emotional?

What's not to love about Solid Edge? The only CAD product that allows you to think it, design it, and
manage it, all from one single product. We call it Design with Insight. And the idea is simple. Completely
integrate the design management function within CAD. So once the design process starts, it practically
manages itself. Files stay organized. Changes are updated. And you get a significant reduction in ECOs
and their related rework by a minimum of 50%. No more endless change orders. Just a streamlined
solution that lets you focus on design.

PLM Solutions DS

2002 EDS. EDS is a registered mark and EDS & Design, EDS Solved & Design and Solid Edge are trademarks of Electronic Data Systems Corporation or its subsidiaries.
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NASA

Team

Commercial
Technology

NASA’s Technology Sources

If you need further information about new technologies presented in NASA Tech Biriefs,
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is
not available, the Commercial Technology Office at the NASA field center that sponsored
the research can provide you with additional information and, if applicable, refer you to the
innovator(s). These centers are the source of all NASA-developed technology.

Ames Research
Center

Selected techno-
logical strengths:
Information
Technology;
Biotechnology;
Nanotechnology;
Aerospace
Operations
Systems;
Rotorcraft;
Thermal
Protection
Systems.
Carolina Blake
(650) 604-1754
cblake@mail.
arc.nasa.gov

Dryden Flight
Research Center
Selected techno-
logical strengths:
Aerodynamics;
Aeronautics Flight
Testing;

Ision;
Flight Systems;
Thermal Testing;
Integrated
Systems Test and
Validation.
Jenny Baer-
Riedhart

(661) 276-3689
Jjenny.baer-
riedhart@dfre.
nasa.gov

Goddard Space
Flight Center
Selected techno-
logical strengths:
Earth and
Planetary Science
Missions; LIDAR;
Cryogenic
Systems;
Tracking;
Telemetry;
Remote Sensing;
Command.
Nona Cheeks
(301) 286-5810
Nona.K.Cheeks.1
@gsfc.nasa.gov

Jet Propulsion
Laboratory
Selected techno-
logical strengths:
Near/Deep-Space
Mission
Engineering;
Microspacecraft;
Space
Communications;
Information
Systems;
Remote Sensing;
Robotics.

Merie McKenzie
(818) 354-2577
merle.mckenzie@
Jjpl.nasa.gov

Johnson Space
Center

Selected techno-
logical strengths:
Artificial Intelli-
gence and
Human Computer
Interface;

Life Sciences;
Human Space
Flight Operations;
Avionics;
Sensors;
Communications.
Chartene E. Gilbert
(281) 483-3809
commercialization@
Jjsc.nasa.gov

Kennedy Space
Center

Selected techno-
logical strengths:
Fluids and Fluid
Systems; Mate-
rials Evaluation;
Process Engi-
neering; Com-
mand, Control
and Monitor
Systems; Range
Systems; Environ-
mental Engi-
neering and
Management.
Jim Aliberti

(321) 867-6224
Jim.Aliberti-1@
ksc.nasa.gov

Langley Research Marshall Space
Center Flight Center
Selected techno- Selected techno-
logical strengths: logical strengths:
Aerodynamics; Materials;
Flight Systems; Manufacturing;
Materials; Nondestructive
Structures; Evaluation;
Sensors; Biotechnology;
Measurements; Space Propulsion;
Information Controls and
Sciences. Dynamics;
Sam Morello Structures;
(757) 864-6005 Microgravity
s.a.morello@ Processing.
larc.nasa.gov Vemotto McMillan
(256) 544-2615
John H. Glenn vernotto.mcmillan
Research Center @msfc.nasa.gov
at Lewis Field
Selected techno-  Stennis Space
logical strengths: ~ Center
Aeropropulsion; Selected techno-
Communications; logical strengths:
Energy Propulsion
Technology; Systems;
High Temperature ~ Test/Monitoring;
Materials Remote Sensing;
Research. Nonintrusive
Larry Vitea Instrumentation.
(216)433-3484  Kirk Shap
cto@gre. (228) 688-1929
nasa.gov kirk.sharp@
SSc.nasa.gov

NASA-Sponsored Commercial Technology Organizations

These organizations were established to provide rapid access to NASA and other federal
R&D and foster collaboration between public and private sector organizations. They also
can direct you to the appropriate point of contact within the Federal Laboratory Consortium.
To reach the Regional Technology Transfer Center nearest you, call (800) 472-6785.

Joseph Allen
National Technology
Transfer Center
(800) 678-6882

Ken Dozier
Far-West Technology
Transfer Center

University of Southem

California
(213) 743-2353

James P. Dunn Gary Sera

Center for Technology Mid-Continent Technology
Commercialization Transfer Center
Westborough, MA Texas A&M University
(508) 870-0042 (409) 845-8762

B. David Bridges Charles Blankenship
Southeast Technology Technology

Transfer Center Commercialization Center
Georgia Institute of Newport News, VA
Technology (757) 269-0025

(404) 894-6786

Pierrette Woodford
Great Lakes Industrial
Technology Transfer
Center

Battelle Memorial
Institute

(216) 898-6400

NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at
http://nctn.hg.nasa.gov to search NASA technology resources, find commercialization opportunities,
and learn about NASA's national network of programs, organizations, and services dedicated to tech-
nology transfer and commercialization.

NASA’s R&D efforts produce a robust supply of promising technologies with applications in many
industries. A key mechanism in identifying commercial applications for this technology is NASA'’s
national network of commercial technology organizations. The network includes ten NASA field cen-
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium
(FLC) for Technology Transfer. Call (609) 667-7737 for the FLC coordinator in your area.

NASA Program Offices

At NASA Headquarters there are seven major
program offices that develop and oversee
technology projects of potential interest to
industry. The street address for these strategic
business units is: NASA Headquarters, 300 E
St. SW, Washington, DC 20546.

Carl Ray

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

(202) 358-4652
cray@mail.hq.nasa.gov

Dr. Robert Norwood
Office of Commercial
Technology (Code RW)
(202) 358-2320
morwood@mail.hg.
nasa.gov

John Mankins
Office of Space Flight
(Code MP)

(202) 358-4659
Jjmankins@mail.
hq.nasa.gov

Terry Hertz

Office of Aero-Space
Technology (Code RS)
(202) 358-4636
thertz@mail.hq.nasa.gov

Glen Mucklow

Office of Space Sciences
(Code SM)

(202) 358-2235
gmucklow@mail.
hq.nasa.gov

Roger Crouch

Office of Microgravity
Science Applications
(Code U)

(202) 358-0689
rcrouch@hg.nasa.gov

Granville Paules

Office of Mission to Planet
Earth (Code Y)

(202) 358-0706
gpaules@mipe.hg.nasa.gov

NASA's Business Facilitators

NASA has established several organizations
whose objectives are to establish joint spon-
sored research agreements and incubate
small start-up companies with significant

business promise.

Wayne P. Zeman
Lewis Incubator for
Technology
Cleveland, OH
(216) 586-3888

B. Greg Hinkebein
Mississippi Enterprise for
Technology

Stennis Space

Center, MS

(800) 746-4699

Julie Holland

NASA Commercialization
Center

Pomona, CA

(909) 869-4477

Bridgette Smalley
UH-NASA Technology
Commercialization
Incubator

Houston, TX

(713) 743-9155

John Fini

Goddard Space Flight
Center Incubator
Baltimore, MD

(410) 327-9150 x1034

Thomas G. Rainey
NASA KSC Business
Incubation Center
Titusville, FL

(407) 383-5200

Joanne W. Randolph
BizTech

Huntsville, AL

(256) 704-6000

Joe Becker

Ames Technology
Commercialization Center
San Jose, CA

(408) 557-6700

Marty Kaszubowski
Hampton Roads
Technology Incubator
(Langley Research Center)
Hampton, VA

(757) 865-2140

Paul Myrda
NASA Illinois

Commercialization
Center

West Chicago, IL
(630) 845-6510

If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis
Center, (505) 277-3622.
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“Up-to-date and reliable technical
information is absolutely critical to
meeting objectives in science and
engineering. The |IEEE produces
quality, peer-reviewed publications,
essential in keeping up with the
pace of technology.”

Pia Sanda, |IEEE Member

Senior Technical Staff Member L
IBM Server Group

IEEE. Providing the information you need. Join us. @ IE E E
www.ieee.org/apply '

®© David Corio
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UpFront

PRODULT OF

he xPC TargetBox™ from The
MathWorks, Natick, MA, is an
industrial PC for use in
performing real-time analysis,
simulation, and testing of control
systems and digital signal processing
(DSP) systems. The box works with
xPC Target software, a host-target
environment that lets users connect
models created in other MathWorks

THE MONTH

design tools — such as Simulink®, MATLAB®, and Real-Time Workshop® —
to physical systems, and execute them in real time. Users can select from
eight I/O options to suit their requirements, including analog input, analog
output, digital input and output, counters and timers, CAN bus interface,
pulse width modulator output, and encoder input. The box holds up to
three boards, and all connections, cables, and screw terminal boards are
provided. Also included is an external floppy drive, AC/DC power supply
for mobile applications, 128 MB RAM, and a choice of three processors: a
266-MHz Pentium® II; a 400-MHz Pentium III; and a 700-MHz Pentium III.
A monitor, keyboard, and mouse can be attached to the box to use itas a

standalone PC.

For Free Info Visit www.nasatech.com/mathworks9

NASA-Funded Program Helps Develop

New Products

he NASA-funded Space
Alliance Technology Out-
reach Program (SATOP) pro-
vides small businesses with
free technical assistance
through the use of the U.S.
Space Program, as well as
aerospace companies, NASA
field centers, and universities.
Recently, SATOP helped a
small Florida business launch
a new commercial product.
Toby’s Nose Filters of
Merritt Island, FL, already
had developed an apparatus
that can be inserted into a
person’s nose to filter debris,
dust, and pollen while allow-

Disposable Nose Unit

ing air to flow. Company
owner Toby McCormick wanted to
develop a dualfilter that would also
filter out offensive odors such as ciga-
rette smoke.

McCormick contacted the SATOP
center in Florida, which paired him
with the State University of New York’s
College of Environmental Science and
Forestry (SUNY-ESF). An ESF profes-
sor who specialized in filtration recom-
mended to McCormick the use of acti-

14

vated carbon in the form of carbon fil-
aments for the dual-filter.

According to McCormick, the new
dual-filter is a success. “As a result of
being able to produce this filter, we
have uncovered a source of prospec-
tive buyers that we never knew exist-
ed,” he said.

For more information on SATOP,
or to request assistance, visil www.

SpaceTechSolutions.com.

www.nasatech.com

Design and Win!

" | e're pleased to announce the first-
! ever Emhart Design Contest: “Create
the Future,” sponsored by Emhart

Teknologies (New Haven, CT) and ABP

International, publisher of NASA Tech

Briefs. This is your chance to submit an orig-

inal design idea in one of these three cate-

gories:

« Safety — mechanical or electromechanical
designs to improve personal safety during
travel, work, recreation, or at home;

* Transportation — mechanical or electro-
mechanical designs that improve the func-
tionality, performance, or cost basis of
transportation products; and

* Everyday Products — significant func-
tional or ergonomic new products, or
upgrades to existing products, that
improve quality of life.

To enter, complete the official entry form
at www.emhartcontest.com. Entries
will be judged on innovation, manufactura-
bility, marketability, and cost-effectiveness
by an independent panel of judges.

The Grand Prize winner will receive a
hybrid automobile or $20,000 in cash. One
First Prize winner will receive a Segway
Transporter or a trip for four to Florida to
tour NASA's Kennedy Space Center and
attend a Space Shuttle launch. Dozens of
other prizes will be awarded, and all quali-
fied entrants will receive a POP® PowerLink
30 repair kit/hand rivet tool from Emhart,
valued at $50.

So, get those creative juices flowing —
entries must be received by November 15,
2002. Winning entries will be featured in
NASA Tech Briefs. See the ad on pages 4-5
of this issue for more information, and be
sure to visit the official contest Web site at
www.emhartcontest.com for entry rules.

Next Month in NTB

ind out in the October issue

how the U.S. Speedskating team
used NASA optics polishing technology
to help them win 11 medals at the
2002 Olympics. Also, read about how
manufacturers are using the latest
robotic, assembly, and automation
hardware and software to get their
products to market faster.

NASA Tech Briefs, September 2002
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Sooner or later, every design becomes 3D.
This is an argument for sooner.

- mm e

LASER WELDER BY INCISION LASERTEC

Introducing Autodesk Inventor™ Series.weve paired the groundbreaking Autodesk Inventor 3D technology
with the AutoCAD®-based Autodesk® Mechanical Desktop® creating a flexible design solution that helps you move
from 2D to 3D without giving up your current system. For Dr. Markus Bohrer, General Manager of Incision Lasertec,
the breakthrough adaptive technology and industry-leading DWG compatibility has helped increase productivity:
“With Inventor we finished our latest, highly complex machine in only 8 months. Without Inventor it would have
taken us twice the time."” Are you ready for 3D made easy? Experience the freedom to design without limits. Visit
www.autodesk.com/inventorseries to find out more.

autodesk’

©2002 desk, Inc. the desk logo, AutoCAD, Inventor, and Mechanical Desktop are either or tradk ks of Inc,
in the USA and/or other countries. All other brand names, product names, or trademarks belong to their respective holders,

For Free Info Enter No. 511 at www.nasatech.com/rs




2 GS/s
Scope Card

Featuring Very Fast
Data Throughput

CompuScope 82G
New Enhanced
Features to Support
Very Fast Data

Throughput Applications
= 2 GS/s Sampling Rate

= Bus Mastering feature allows
Very Fast Data Transfers of 80 MB/s
to PC Memory

= Multiple Recording feature now
available for even faster data transfers

+ Allows data from multiple trigger
events to be captured into
on-board memory

= 16 MB Acquisition Memory

= Ideal for applications requiring high
trigger repeat rates in Radar,
High-Energy Physics, Laser, Wireless
and Ultrasound

= Software Development Kits for
C/C++, MATLAB and LabVIEW

= PCI Form Factor
= Compatible with GageScope®

Also Available from Gage
CompactPCI/PXI Waveform Digitizers

CompactPC 'ﬂ"-m . 8 Bit, 5 GS/s
' wem 14 Bit, 100 MS/s

p 16 Bit, 10 MS/s

FXi

1 800-567-GAGE ext:3405

/nasa902.htm

Outside the U.S. contact: Gage
Tel: +1-514-633-7447 le.+1-514-633-0770
e-mail: prodinfo @ gage-applied.com
For Free Info Enter No. 512
at www.nasatech.com/rs

O /Pattants

Over the past three decades, NASA has granted more than 1000 patent licenses in virtually every area
of technology. The agency has a portfolio of 3000 patents and pending applications available now
Jfor license by businesses and individuals, including these recently patented inventions:

Rocket Engine Thrust
Chamber Assembly
(U.S. Patent No. 6,330,792)

Charles S. Cornelius, Richard H.
Counts, Jeffrey D. Lackey, Timothy

W. Lawrence, W. Neill Myers, Warren
Peters, Michael D. Shadoan, and
David L. Sparks, Marshall Space Flight
Center

A thrust chamber assembly for liquid-
fueled rocket engines is made by wrap-
ping a two-piece mandrel with a silica
tape saturated with a phenolic resin. The
tape extends along the mandrel and cov-
ers the combustion chamber portion of
the mandrel to the throat. The phenolic
in the tape is cured and the end of the
wrap is machined. The remainder of the
mandrel is wrapped with a third silica
tape. The resin in the third tape is cured,
and the assembly is machined. The entire
assembly is then wrapped with a tow of
graphite fibers wetted with an epoxy resin
and, after the epoxy resin is cured, the
graphite is machined to final dimensions.

Silica tape is commercially available,
and is woven from fiberglass fibers and
treated with nitric acid, which leaches
out the sodium and lithium to leave a sil-
ica fabric.

Non-Destructive Evaluation
Method and Apparatus for
Measuring Acoustic Material
Nonlinearity

(U.S. Patent No. 6,343,513)

John H. Cantrell and William T. Yost,
Langley Research Center

Non-destructive evaluation of materi-
als involves inspecting the materials
without having to damage them or dis-
mantle structures to which the materials
are incorporated. Known methods of
fatigue damage detection include bom-
barding the material under test with
acoustic finite amplitude waves and
examining the response waves produced
by the material to determine a nonlin-
earity parameter, which may be correlat-
ed to material fatigue. This method

cannot detect material damage such as
internal cracks.

This invention is a method of measur-
ing acoustic nonlinearity in materials by
generating and applying an acoustic
signal to a reference material having a
known acoustic nonlinearity parameter,
and applying an output signal from the
reference material and derived from the
acoustic signal generated in the first step
to at least one environmentally con-
trolled bandpass amplifier. The method
also compares the outputs of the band-
pass amplifiers, and based upon the com-
parison, determines the acoustic nonlin-
earity parameter of the sample material.

Phenylethynyl Containing
Reactive Additives
(U.S. Patent No. 6,350,817)

John W. Connell, Paul M.
Hergenrother, and Joseph G. Smith,
Jr,, Langley Research Center

A variety of monomers, oligomers, and
polymers containing ethynyl and subst-
tuted ethynyl material groups are used to
prepare coatings, moldings, adhesives,
and composites. These materials exhibit
a good combination of physical and
mechanical properties. There exists, how-
ever, a need for high-temperature resins
that can be processed at low pressures
and without an autoclave.

This invention provides novel
phenylethynyl-containing reactive
additives that can be used with any
phenylethynyl-containing polymer, co-
polymer, oligomers, or co-oligomers to
decrease melt flow and processing pres-
sures required to fabricate molded
parts, adhesive bonds, and fiberrein-
forced composite parts.

These qualities can be obtained by
synthesizing amide acid and imide
phenylethynyl reactive additives, and
adding them to phenylethynyl-containing
polymers, co-polymers, oligomers, and
co-oligomers in solution or by mixing dry
imide powder of the reactive additive
with phenylethynyl-containing oligomer
powder.

For more information on the inventions described here, contact the appropriate NASA Field
Center’s Commercial Technology Office. See page 12 for a list of office contacts.

www.nasatech.com
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NEW

xPC TargetBox
Hardware
NOW AVAILABLE

Don't just predict
your real-time system’s
performance. Prove it.

Wth xPC Target software and the new xPC TargetBox™
industrial PC, you can accurately test the performance
of real-time embedded control system designs long before

your final target hardware is available. Simulink® code

generation products convert block diagrams to C code

xPC Target and xPC TargetBox enable real-time

rapid control prototyping of embedded designs. - g rapid prototyping. This code can then be downloaded

for real-time testing and validation of your designs in the xPC Target environment.

Learn how xPC Target enables rapid prototyping on our convenient PC system.

T ®
To get your Rapid Prototyping Technical Kit, for pricing, M AT T AB
: Ay o l l P l
or to buy online now, visit www.mathworks.com/ntxp. b IM LI K

Design and develop

complex embedded
systems faster and more
efficiently with rapid
prototyping tools.

4The MathWorks

Visit www.mathworks.com /ntxp
or call 508-647-7040

We have a worldwide network of offices and international representatives.

3
Visit our Web site at www.mathworks.com for more information. © 2002 The MathWor
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Fast.
Reliable.
Safe.
Everything
automated
riveting
should be.

Introducing POPmatic
Point & Set™ the first
reliable auto-feed rivet
system.

POPmatic Point & Set, our new
auto-feed rivet system, delivers
what no riveting tool has before.
Consistent riveting at a rate
faster than any current hand
tool. Designed with a safe, self
loading hopper that holds up

to 2500 rivets, Point & Set
accelerates the riveting process
to previously impossible speeds,
meeting the requirements of
any production line. It's reliability
in an otherwise unreliable world.
For more information, call us at
203-925-4424 or visit us on the
web at www.emhart.com

POPMATIC

A @ BLACKE DECKER COMPANY

For Free Info Enter No. 517
at www.nasatech.com/rs

Who's Who at NASA

Amy Keith, Remedial Project Manager
for CERCLA, Marshall Space Flight Center

Am)‘ Keith is an
environmental
engineer and the
Remedial Project
Manager for CERCLA
(The Comprehensive
Environmental Re-
sponse, Compensa-
tion, and Liability
Act) at NASA’s Marsh: 1ll Space Flight
Center in Huntsville, AL. She is part
of a team that is helping to clean-up
ground water pollutants at Marshall.

NASA Tech Briefs: What types of pro-
jects are you involved with as an envi-
ronmental engineer at Marshall Space
Flight Center?

Amy Keith: We are involved in clean-
ing up 69 CERCLA sites. We work with
the EPA and the Alabama Department
of Environmental Management to get
these sites evaluated and determine if
they need to be cleaned up. We also
evaluate what clean-up technology we
will use.

NTB: Marshall is known for its ex-
pertise in manufacturing, microgravity
processing, and space propulsion. How
did the center become involved in en-
vironmental research and safety?

Keith: Prior to being listed as a Su-
perfund site, Marshall Space Flight
Center conducted a preliminary assess-
ment to determine if we had sites that
required remediation in 1998 and a fa-
cility investigation under the RCRA
(Resource Conservation and Recovery
Act) program in 1993. Marshall Space
Flight Center was listed on the Na-
tional Priorities List of Superfund Sites
in May of 1994. The EPA designated 69
sites as potentially contaminated, and
as a Superfund site we were required
under CERCLA law to investigate. Most
of the contamination that we are clean-
ing up was due to work that was done
in the 1950s and 1960s. Rocket engine
testing in the 1960s used solvents such
as trichloroethene and perchloro-
ethene to clean the nozzles of the en-
gines after testing. These solvents trav-
eled through the soil and into the
ground water.

www.nasatech.com

NTB: What environmental safety pro-
jects are currently being evaluated at
Marshall?

Keith: We are working on groundwater
treatability studies. Treatability studies test
technologies to see how well they will
clean up a certain site with certain con-
taminants. Right now we are monitoring a
technology that we used to clean
trichloroethene from groundwater. Be-

cause of the low permeability clays here, it
is difficult to inject chemicals in situ and
achieve contact with contaminants. We in-

jected zero-valent iron into the ground

water using an innovative injection system.
Typically, clean-up reagents are injected
using only gravity feed-systems. The injec-
tion mechanism we used is innovative in
that it atomizes the zero-valent iron and
causes it to penetrate the soil resulting in
better contact between the zero-valent
iron and the contaminants. We've had
good results so far; up to a 95% removal of
trichloroethene from ground water.

NTB: What kind of response has this
technology received?

Keith: This project was nominated by
the EPA for presentation at the NATO
committee on the Challenges of Modern
Society meeting that was held in Rome in
May of this year. There were 20 countries
there, some of which asked for additional
information. We hope to be able to share
that information with them.

NTB: Do you foresee any of these tech-
nologies having an impact on future envi-
ronmental issues?

Keith: The technology that we are
using, particularly the zero-valent iron, i
a well-known remediation technique for
cleaning up volatile organics in ground
water. What is innovative about our tech-
nology is the delivery system. We think
that this delivery system will aid other
places in the country and in the world
that have low-permeability soils and have
a difficult time getting their reagents to
come in contact with the contaminant.

A full transcript of this interview appears
on-line at www.nasatech.com/whoswho. Amy
Keith can be reached at Amy.Keith@ @misfe.
nasa.gov.
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Embart is a world leader in the design and supply of innovative fastening and assembly
technology. From concept through installation, whether you're manufacturing around
the corner or around the globe, Emhart provides cost-effective solutions for assembly

applications. Visit us at www.emhart.com
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Il somputer Simulation Software

Used to Evaluate Actuators for
Next Generation Space Telescope

OPERA-2D finite-element-based electromagnetic
analysis program

Vector Fields

Aurora, IL

630-851-1734

www.vectorfields.com

The Hubble Space Telescope will be retired at the end of
this decade and will be replaced by the Next Generation Space
Telescope (NGST). As part of NASA’s Origins program, NGST
is designed to study the first stars and galaxies that formed
after the universe cooled. The NGST’s mirrors will be thin
membranes consisting of carbon composites for structure, and
a reflecting surface. The mirrors are deformable, and com-
puter-controlled actuators will be used to adjust their shape to
ensure high-quality, sharp images.

One of the most critical design challenges is the environ-
ment in which the actuators must operate. Because the NGST
is designed to work in the infrared range, the detectors and
optics must be as cold as possible. Excess heat from a tele-

scope can cause back-
ground noise in
images and spectra.
For this reason, the
NGST will be placed in
a fairly distant orbit
where the temperature
is expected to be
between 30 and 100
degrees Kelvin. Unfor-
tunately, no existing
actuators are capable
of delivering the neces-
sary level of control
while operating in
those temperatures.
As a result, NASA
researchers had to
develop new actuators.
Massachusetts Institute
of Technology (MIT)

\
)
3
|

in Cambridge, MA, col-
laborated with NASA
on the development of actuators based on superconducting
and magnetostrictive materials. Leslie Bromberg, principal
research scientist at MIT, evaluated two different actuator
designs. The first charged high-temperature superconducting
materials such as yttrium-barium-copper-oxygen (YBCO) or
bismuth-strontium-calcium-copper-oxygen (BSCCO) with a
magnetic field. The resulting force attracts a reflective surface
made of magnetic material such as nickel. The second concept
was based on magnetostriction, the process by which a ferro-
magnetic material transforms from one shape to another in
the presence of a magnetic field.

The monolithic BSCCO actuator design.

22 www.nasatech.com

With the first concept, scientists needed to ensure that the
superconducting actuators would maintain a given strain field
in the mirror membrane after they were charged. A number of
design variables affecting force generation had to be deter-
mined, including the voltage and current for the charging

Magnetostrictive
element ~—~—]

Superconducting
element ~——

Charging
coll s

"

Return
iron

Magnetic field lines during charging depicted in the OPERA-2D
software.

coil, the thickness and length of the superconducting materi-
al, the amount of current that would be applied to the mate-
rial, and the size of shielding surrounding it.

Instead of resolving the performance of the actuators exper-
imentally, Bromberg and his colleagues decided to simulate
the performance using software. Using OPERA-2D finite-ele-
ment-based electromagnetic analysis program from Vector
Fields, “We could run a simulation, see how the field behaved,
then go back and change the design and run the simulation
again,” said Bromberg. “This way, we would have time to
assemble the right combination of design variables to deliver
the right amount of force.”

He began the simulation by modeling the geometry of the
actuator as a two-dimensional cylindrically symmetric cross sec-
tion using the software’s CAD facilities. For both design con-
cepts, the model included common features such as the reflec-
tive membrane, the charging coil, and shielding. The program
divided the model into finite elements. Bromberg then ran the
solver, which predicted the magnetic field. The simulation pro-
vided graphical output including graphs and histograms of the
solution and contour plots that showed the magnetic field val-
ues superimposed on the 2D model.

Using this information, the scientists adjusted the various
design parameters to obtain the desired level of magnetic
force for both design concepts. As they changed the design,
they were able to optimize issues such as the placement of
shielding material because the results allowed them to see the
interaction of the magnetic force with the shields.

“The beauty of using electromagnetic analysis software was
that by the time we built the actuators, we knew that both
designs generated the level of magnetic force they were sup-
posed to,” Bromberg said. “We wouldn’t have had that cer-
tainty otherwise.”

The final designs were built and tested at MIT, and the tech-
nology was transferred to NASA, which will conduct addition-
al tests at the Jet Propulsion Laboratory’s Cryogenic Actuator
Test Facility in Pasadena, CA.

For Free Info Visit www.nasatech.com/vectorfields
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No Matter

What You Test
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Do It With Dewstronl

Our customers are testing everything from train cars to
the Space Shuttle, from automobile airbags to
oilwells...and the list keeps growing. Why? Maybe it’s
our plug-in signal conditioners that allow connection of
any signal, any sensor. Or perhaps it’s the fact that
Dewetron systems are built on an open-architecture,
COTS* computer platform, allowing easy upgrades and
compatibility with all Windows® software and
hardware.

Or it could be our software—so easy to use and yet so
powerful-with brilliant on-line displays, full-color
printing and one-click export to Excel®, MatLab®,
ASCII, and several other popular formats. Of course,
Dewetron machines are perfect platforms for
LabVIEW® development, and they already include a
National Instruments® A/D card connected to our high-
isolation plug-in signal conditioners!

SSRGS
Y
DEWETRON

S99 (<

*COTS = Commercial, off-the-shelf.
All trademarks acknowledged as the,

RACK and DEWE-BO

notebook computer!

DEWE-3010

Above left to right — the DEWE-4000, DEWE-2010, and
DEWE-3010 portable PC Instruments

Our basic models are also highly popular as portable
industrial computers built to MIL-STD-810C for shock
and vibration.

It could be any of these things - or maybe it’s all of
them. The bottom line is, if you're doing data
acquisition any other way, you're missing a lot. Pleas
take a look at Dewetron today. Start with our websi
or give us a call and arrange a no-obligation
demonstration at your facility.

Contact us today toll-free at 877-431-5
364-9464 outside the USA), or visi
www.dewamerica.com/ntb

Plug-in signal
conditioners for
every signal,
every sensor

it our DEWE-
ns for your

For Free Info Enter No. 520 at www.nasatech.com/rs
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For more information on these and other new, licensable inventions,
visit www.nasatech.com/techsearch

Smart Card Technology for Mobile
Storage Applications

Bayer AG

Optical memory cards typically handled high-capacity mo-
bile storage, but the relatively large size and high cost of the
read/write components necessary to store and retrieve infor-
mation limited their use as a personal device.

Bayer AG has developed a suite of technologies that provide
the ability to store and retrieve short-term alphanumeric data,
as well as store long-term image data, in a secure, highly mo-
bile, personal package that enables only authorized persons to
view files. WORM (Write Once, Read Many) memory achieves
long-term optical memory, while electronic chip storage holds
temporary files. The high-capacity memory card technology
supports various applications including medical documenta-
tion, shipping, remote test and measurement, and insurance,
corporate, and military personnel records.

Get the complete report on this technology at:
wuww.nasatech.com/techsearch/tow/bayerAG. html
Email: nasatech@yet2.com
Phone: 617-557-3837

Metallurgy Reduces Steel Product Cost
and Weight While Improving Strength

Caterpillar

The strength of a welded fabrication usually is determined
by the strength of a welded joint, and typically, structures are
based on fatigue limits of joints. A good joint requires extra
material, meaning that many products constructed of welded
steel plating are much heavier, bulkier, and more expensive
than they need to be. Cater-
pillar has discovered two
ways around this problem.

The first process enables
intermittently spaced, thick-
ened areas along metal plate
edges, resulting in metal plates that can be fabricated with
variable edge thickness designed to coincide with the weld re-
quirements of any particular spot. The second solution allows
for weld geometries to be reproduced during manufacture by
controlling the weld wire, weld parameter, and steel fit-up.
These processes have been employed on nine different pro-
duction applications and have resulted in up to ten percent
weight reduction, and three to ten times improvement in fa-
tigue life.

Get the complete report on this technology at:
wwuw.nasatech.com/techsearch/tow/caterpillar-metallurgy.html
Email: nasatech@yet2.com
Phone: 617-557-3837

24 www.nasatech.com

Non-Contact Rotary Fluid or Oil Seal
Reduces Shaft Wear and Failure

Honeywell

Mechanical seals are prone to wear and may have resulting
oil leakage. Honeywell has developed a non-contact sealing
technology that uses centrifugal force to circulate oil or other
fluids away from potentially leaky areas and back into a bear-
ing housing without physical contact between a seal member
and the rotating shaft.

Utilizing a slinger rotor mounted onto the shaft near the in-
side of the bearing housing end wall, the high-speed rotation
of the shaft drives
the lubricant into a
circumferential
array of ports con-
tained in a radial
ring on the rotor.
A lubricant-air sep-
aration is created,
driving the lubri-
cant into the slinger ports for redistribution inside the bear-
ing housing. This technology reduces heat generation, main-
tenance downtime and expenses, prevents leaks, and
increases shaft lifespan.

Get the complete report on this technology at:
wwuw.nasatech.com/techsearch/tow/honeywell-seal. html
Email: nasatech@yet2.com
Phone: 617-557-3837

Coupling Technology Simplifies Glass
Fiber-to-Chip Interconnects

Robert Bosch GmbH

Today’s high-speed, high-bandwidth data and communica-
tions systems are using increasing numbers of passive wave-
guide devices requiring precision interconnects between glass
fibers and board-level components. What makes these inter-
connects so tricky are the different diameters of the fiber and
the waveguide, which can cause a lateral displacement.

By filling the alignment V-grooves on a micromachined sili-
con-substrate with plastic materials and coating the chip with
an optically transparent polymer, the waveguides can be fabri-
cated with the precision of standard photomask technology.
An excimer laser is used to remove the polymer filler from the
trenches so that the fibers can be passively aligned with the
necessary precision.

Get the complete report on this technology at:
www.nasatech.com/techsearch/tow/robertboschgmbh.html
Email: nasatech@yet2.com
Phone: 617-557-3837
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FEMLAB" supplies highly sought-after new Order your free literature kit!
technology for the modeling and simula-
tion of physics in all science and engineer- .'

ing fields. Its main attribute is the ease FEMU«“

with which modeling can be performed
and its unlimited multiphysics capabilities, \‘\ z

in 1D, 2D and 3D — the perfect way to

apply state-of-the-art numerical analysis
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4 The most common reactor for environ-

mental protection, which we encounter or
use everyday,is the catalytic converterin
automobiles. In these monolithic catalysts,
carbon monoxide and nitrous oxides are
converted into relatively harmless species
like carbon dioxide and nitrogen. To opti-
mize the utilization of the expensive
catalyst, it is important to be able to model
the reactor at different operational
conditions. In this FEMLAB model, mass and
heat balances are coupled to compute
temperature distribution and flowlines in

the reactor.

This square-shaped spiral inductor is used
for bandpass filters in micro electro-
mechanical systems (MEMS). The FEMLAB
simulation takes the nonuniform current
density in the coils into account to compute
an accurate magnetic flux arround the coils.
The inductance of this inductoris 2.1 nH,
which is obtained by integrating the mag-
netic energy. Using the programming
language of FEMLAB for parametric analysis,
you can find the correlation between the
induction and the input parameters of the
model.

In the design of electrodes for water
electrolysis, it is important to minimize the
voltage losses at a given total current.
FEMLAB modeling helps the engineer in the
design of the electrode geometry and the
current collector. The model gives the
current density distribution and the poten-
tial distribution in the system. These results
make it possible to avoid excessive degra-
dation of the active electrode surface and
overheating of the welds at the position of

the current collector.

When designing an electric motor itis
important to design the rotor shaft so that
no eigenfrequencies exist in the working
range of the rotational speed. Itis also
important to study the shape of the eigen-
mode and not just the eigenfrequencies.

In the eigenfrequency analysis,one end of
the shaft is fixed and the other end is free to
rotate and axially deform. The image shows
deformation and rotation angle in the
second eigenmode, using different visual-
ization options like colormaps and scaling.

FEMLAB KEY FEATURES

B Flexible and powerful graphical
user interface

B Built-in user-friendly cAp tool for
solid modeling in ID, 2D and 3D

B Automatic mesh generation,
adaptive mesh and multigrid

B Powerful solvers for linear,
nonlinear and time-dependent
systems of partial differential
equations (PDESs)

B Extensive postprocessing
capabilities

B Model Libraries with over fifty

models fully documented from

various engineering fields

W Ready-to-use application modes for
different engineering fields

® Equation-based modeling for
arbitrary systems of PDEs

FEMLAB PUTS YOU
IN THE FRONTLINE

FEMLAB employs sophisticated numerical
techniques developed by our staff of leading
scientists in collaboration with industry
experts from around the world. These
professionals had a goal of making modeling
available to every engineer and scientist.
FEMLAB is the result of our commitment to
putting engineering mathematics in a box.

Order your free
literature kit!
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Visit www.comsol.com/ient or
call +1-781-273-3322
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Computer Hardware:
The Engineer’s Most

owerful Tool

hether you're a design
engineer using a high-
end desktop workstation,
or a field engineer using
a laptop rugged
today’s computer

or
portable system,

and mobile systems, and we take our
work with us everywhere,” said Bob
Lenard, IBM’s brand manager for In-
telliStation for the Americas. “There is
a mobile revolution coming about that
is affecting engineers.”

ey

Intel, for example, has. fq&:&ﬂ a
great deal of research and money on
the high-performance mobile com-
puter market. The availability of new
software, utilities, and operating sys-
tems that efficiently use high-perfor-

hardware offers more choices in form “The computerization of the field mance processors are making mobile
factor, processing power, and mobility ~ workforce is increasing, and is the computing a viable alternative to desk-
for the engineering community top systems. In fact, Intel offers the
than ever before. Ultra-powerful Mobile Intel® Pentium® III proces-
chipsets and integrated wireless m‘ak;';:sﬁ;xru?mi: sor spcciﬁ(‘;lll\' for portable PCs.
connectivity are also contributing portable with “The processing power of the
to the widespread computerization Pentium 4 processing mobile field computer is getting
power, closer said

of engineers.

As engineers need to focus on
more complex applications, the
computers they use also need to
evolve. In the recent past, many ap-
plications in computer-aided design
and manufacturing (CAD/CAM)
were not even possible on anything
but a desktop workstation. Now, with
more powerful portables, perfor-

to desktop power,”
Szymborski. as remote
power sources can keep up with
the Intel processor’s power
sumption, you'll see the gap clos-
ing even further between mobile
and desktop performance,” he
added.

IBM recently finalized its plan
for advancing technology in the

“As soon

con-

mance is no longer a barrier to mo-
bile computing.

The mobility of the engineering
workforce mirrors what has happened
in other work environments —
the use of multiple portable devices
that can keep workers working 24
hours a day. “We all have cell phones

most
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biggest and fastest-growing segment of
the marketplace,” according to Dale
Szymborski, president of Kontron Mo-
bile Computing, a maker of rugged
portable computers. “The mobile work-
force has changed. They no longer can
live without having a computer.”

www.nasatech.com

mobile workstation area for engi-
neers. The new mobile workstations in-
corporate high-performance 3D graph-
ics in a battery-powered notebook form
factor. “The mobile workstation in one
form is available today,” said John Holz,
IBM’s vice president and business line
executive for E-Server IntelliStation

’.
- e




The ReVolution, from Kontron Mobile Computing, converts from a note-
book to a tablet via a 180° hinge.

Workstations, referring to
the ThinkPad A Series
portable. The new porta-
bles will, in essence, func-
tion as mobile IntelliSta-
tions, allowing engineers to
take their workstations with
them wherever they go.

Tough Enough?

One of the fastest-grow-
ing markets in the mobile
computer hardware field is
rugged portables. These
systems offer the field en-
gineer desktop power, but
with the added benefits of
resistance to shock, vibra-
tion, water, dust, dirt, and

other harsh environmen-
tal conditions that stan-
dard laptop computers

don’t provide. Many of
these units meet military
specifications and can be
outfitted with expansion
cards, detachable key-
boards and mice, inte-
grated color printers, and
wireless data communica-
tions capabilities.

Driving with confidence

Instron's no-compromise technology is deep and flexible,
with a product range designed to meet the needs of every
budget at every level of manufacturing sophistication.
Our instruments test all of the earth's man-made and
natural materials. Instron offers tensile, tension, torsion
compression, fatigue and impact testing machines as
well as structural testing systems. Our software is
developed for simple or advanced design standards.

Take the high road and standardize on Instron quality,
reliability and service. We are the choice for critical
applications throughout all industries. You can now

own the Instron difference . . . The difference is measurable

RX

INSTRON

www.instron.com

A A
8800 Servohydraulic SF 1288 Spring Tester

Testing Systems

Universal Testers

With such recent technological ad-
vances, rugged computers have ex-
panded their application from in-vehi-
cle and factory shop floor uses into
areas such as remote video conferenc-

IBM’s ThinkPad A Series marks the first generation of
the company’s upcoming mobile workstations.

ing, telemedicine, auto manufacturing,
telecommunications, and many other
industrial settings, according to a re-
port by Frost & Sullivan. In all of these
applications, the demand for real-time
information to a remote site is critical,
so integrated communications systems
are becoming a priority when selecting
rugged computers.

(Continued on page 30)

A
Rockwell 2000 Tester

A
In-Spec 2200

A
Dynatup

Handheld Tester 9200 Series©

Instron Corporation * 100 Royall Street * Canton, MA 02021 « Tel: 800-564-8378 * Fax: 781-575-5751 * Email: info_query@instron.com
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As with any mobile device, power
consumption is a prime consideration.
Battery systems and other power-hun-
gry components must be designed in a
low-cost way for mobile computers, said
Szymborski. “There are many different
projects that are ongoing to try to solve
the problem of energy density. It's at
least five to ten years away before we
see the next major development in bat-
tery technology,” he predicted.

“Current technologies — fuel cells and
using nanotechnology to make the
power systems more effective and re-
move heat — are pressed as far as they
can go today,” Szymborski added. “There
are very encouraging new technologies,
but it's a matter of being able to put
them into production at a low cost.”

Kontron, with its latest product of-
fering, has combined the rugged
portable market with the burgeoning
tablet PC market to produce the ReVo-
lution, a system that incorporates both.
The Windows-compatible rugged com-
puter converts from a notebook to a
tablet via a 180° hinge.

Other manufacturers of rugged
portables, such as Dolch Computer Sys-
tems and Broadax Systems Inc. (BSI)
also are providing engineers with pow-

The i-Link Workstation from BSI is an all-aluminum, expandable rugged workstation.

erful “workhorse” units that continue
to be upgraded with the highest pro-
cessing power available. Dolch, which
focuses on test and measurement ap-
plications in the field, offers portable
PCs that range from lightweight mobile
attaché-type models to large-screen,

multi-slot systems such as the FlexPAC",
a rugged portable with Pentium 4 pro-
cessing power.

BSI’s offerings, which focus primarily
on data acquisition, also include
portable computers and workstations
equipped with up to Pentium 4 power.

It’s a laptop...

rugged package!

Introducing the ReVolution™— a laptop and tablet PC all in one

Now field-deployed professionals have the ultimate in flexibility
upgradeability and integrated wireless communications capabilities at their
fingertips. With a quick flip of the display, the ReVolution converts easily
from a notebook to a touch screen tablet. Whatever the application or

The way you look at mobile computers is changing
right in front of your eyes.

It’s a tablet..

location, the ReVolution provides unsurpassed portability and rugged
performance. Give your team a new competitive advantage in the office,
on the road or in the field. Introduce them to the ReVolution

To learn more about the ReVolution or the full fine of rugged,
mobile computers from Kontron Mobile Computing, contact us toll-free at
1-888-343-5396. or visit our web site: www.kontronmabile.com

Introdueing the ReVolution. A rugged laptop and tablet PC in one. @ kontron

It’s rugged.
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The company’s newest offering, the i-
Link Workstation, uses dual Pentium
III processors, and is expandable
through the use of removable drives.

Raising the Bar

The continuing improvements to
workstations are driven by the advent
of more and better graphics capabili-
ties, sophisticated software, and low-
cost applications supported under Win-
dows. “In engineering, the emphasis is
placed on improved design and analy-
sis prior to products being manufac-
tured,” said Lenard. “The whole idea of
electronic product design and analysis
is the standard for the industry today.

“You have engineers who previously
could not afford a CAD or analysis ap-
plication to do what they needed to
do,” Lenard continued. “Now they can
afford it, and they have better tools to
attack the problems they’'re faced with.
As a vendor, we take those latest and
greatest products in terms of proces-
sors and graphics, and put them into
systems that take advantage of the im-
proved software.”

For design engineers who require a
powerful, high-performance worksta-
tion to run a CAD or analysis program,
there isn’t a better time to find a myr-
iad of choices. Hewlett Packard, for ex-
ample, recently released workstations
based on the 64-bit Itanium® 2 proces-
sors that were co-developed with Intel.
The HP Workstation zx2000 and
zx6000 will enable users to choose their
64-bit operating system from Win-
dows®, Linux®, or HP-UX (UNIX).

Targeted to the mechanical CAD and
other graphics-heavy applications,
these workstations give users who
change operating systems the ability to
use the same hardware. HP also contin-
ues to offer Compaq workstations to its
engineering users.

Both high-end workstations and
more powerful portables enable more
distributed engineering. Real-time col-
laboration, for example, is now possi-
ble whether engineers are in the office
or in another time zone. With the
added advantage of new wireless con-
nectivity options and networks, collab-
oration will continue to grow as a tech-
nology. Computer hardware vendors
have only scratched the surface of what
will be possible for engineering users
in the near future.

“We view engineering as a market
space that will continue to have excit-
ing possibilities,” said Lenard. “It will
probably drive some of the most lead-
ing-edge applications of technology as
we go forward.”
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Ames Research Center, Moffett Field, California

The Perilog methods and software
provide a suite of data-mining tools.
Perilog retrieves and organizes data
from any sequence of terms that are
contextually associated (e.g., text,
music, genetic sequences). Perilog data
mining includes: (1) keyterm-in-con-
text search; (2) flexible, model-based
phrase search; (3) model-based phrase
generation; and (4) narrative-based
phrase discovery. The methods and
software measure the degree of contex-
tual association for large numbers of
paired terms to produce models that
capture the structures of the sequences

of terms. Perilog compares these mod-
els to a query model, develops a rank-
ing, and presents the results of the
search to the user. It can also extract
phrases from the sequences. Perilog
was originally designed to support the
Aviation Safety Reporting System,
which NASA operates for the Federal
Aviation Administration. In that appli-
cation it produced, from a database of
tens of thousands of documents, the
first quantitative evidence of situa-
tional relationships between reported
commercial aviation incidents and a
specific type of aviation accident. Per-

@/Methods and Software for Mining Data in Context

ilog can be used to mine databases for
any type of information.

The Perilog methods and software were
created by Michael McGreevy of Ames Re-
search Center. This technology is avail-
able for commercial licensing. For further
information, access http://ettc.usc.edu/
ames/perilog/homepage. html.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive license
Jor its commercial development should be
addressed to the Patent Counsel, Ames Re-
search Center, (650) 604-5104. Refer to
ARC-14512/3/4/5.

¢3 Beacon-Based Exception Analysis for Multimissions

Automated diagnosis is advanced using several novel signal processing approaches.
NASA’s Jet Propulsion Laboratory, Pasadena, California

BEAM is a method of real-time, auto-
mated analysis and diagnosis applicable
to a broad class of complex electro-
mechanical systems, including spacecraft,
aircraft, and process-control systems.
Some aspects of its operation were de-
scribed in “Reusable Software for Au-
tonomous Diagnosis of Complex Sys-
tems” (NPO-20803), NASA Tech Briefs,
Vol. 26, No. 3 (March 2002), page 33.
Presented here is an expanded overview
of the method, outlining its components
and their function.

BEAM was conceived to accelerate di-
agnosis and to relieve human operators
and ground control computers of the
burden of diagnostic data collection and
analysis. This is performed through a
real-time fusion and analysis of system
observables, including not only perfor-
mance and sensor data but also knowl-
edge of executing software and com-
mands sent to the system. In the case of a
spacecraft, BEAM would enable onboard
identification of anomalous conditions,
thereby obviating the need to telemeter
large quantities of sensor information.

The BEAM formalism is based upon a
reduction of the observables in a com-
plex physical system to a compact set of
coupled critical observables, which are

32

tracked to analyze the state (or “health”)
of the system in real time. The coupled
observables determine the information
space of the physical system, and moni-
toring its invariants allows all events, re-
sponses, deterioration, anomalies, and
failures to be detected and isolated with
high precision. In contrast to classical
model-based approaches in which one ei-
ther (1) attempts to explicitly compare
observed data to model predictions, or
(2) relies upon a coarse operating enve-
lope in the form of redlines, BEAM is
highly adaptable and sensitive to com-
plex nonlinear behaviors indicative of
such faults.

The mathematical foundation of
BEAM includes the following building
blocks:
® The System Invariance Estimator (SIE)

automatically constructs fundamental

information invariants from mult-
channel data. Comparison of the in-
variants allows system diagnosis, identi-
fies which observables are significant,
and quantifies deviation and depen-
dency between events.

® The Channel Coupling Operator

(CCO) provides an embedded, algo-

rithmically constructed means of relat-

ing sensed transitions and commands.

www.nasatech.com

This permits oversight of software exe-
cuting in conjunction with the sensed
hardware.

® The Data Fusion Operator (DFO) de-
termines the proper combinations of
observables to provide an instanta-
neous estimate of the system informa-
tion state. This estimate serves as a sin-
gle, event-based, health metric.

® The Variable-Fidelity Discontinuity

Operator (VDO) utilizes an adaptive

wavelet transformation to detect and

amplify the onset of transitions or in-
cipient faults. This operator is a highly
sensitive means of performing single-
channel analysis that is adaptable to
very short or very long event periods.

¢ The Operating Map and Back-Projec-
tion Operator (BPO) represent the
downlink and reconstruction elements
of BEAM. The first is a compact pa-
rameter set based upon the other mod-
ules, which efficiently encapsulates spe-
cific features of fault events. This
information is expanded by the BPO to
allow causal reconstruction of the
anomaly track.

These modules are applicable to nearly
any system and can be trained using brief
examples or approximations of nominal
operating data. In combination these

NASA Tech Briefs, September 2002
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Data Acquisition

modules permit system analysis at the
local and global level, and are responsive
to hard faults, incipient faults, and anom-
alies that lie beyond the training enve-
lope. BEAM is intended to reduce or
eliminate the need for external diagnosis
but also provide capability for au-
tonomous detection and isolation of
faults and degradation.

This work was done by Sandeep Gulati and
Ryan Mackey of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at www.nasatech.com/tsp
under the Information Sciences category.

In accordance with Public Law 96-517, the
conlractor has elected to retain title to this in-
vention. Inquiries concerning rights for its
commercial use should be addressed to

Intellectual Property group

JPL

Mail Stop 202-233

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-20827, volume and number
of this NASA Tech Briefs issue, and the page

number.

2 Generalized Pre-Processor for Block

and Convolutional Codes
The design could be simplified by taking advantage

of the structures of the codes.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A generalized data processor, pro-
posed for use in the reception of binary-
phase-shift-keyed (BPSK) radio signals,
provides preliminary estimates of the
block and convolutionally encoded sym-
bols that are meant to be conveyed by
the BPSK modulation. In a process de-
noted information-reduced maximum a
posteriorn (MAP) phase estimation, an es-
timate of the instantaneous symbol (and
thus of the instantaneous phase modula-
tion) is used to reduce the amount of
randomness and information by con-
verting the received modulated carrier
to an approximation of an unmodulated
carrier. The resulting partially recon-
structed carrier is then fed as input to a
MAP phase estimator to improve phase-

tracking performance. The basic princi-
ples of information-reduced MAP phase
estimation were described in somewhat
more detail in “Information-Reduced
Carrier Synchronization for Coded PSK
Operation at Low-SNR” (NPO-20261),
NASA Tech Briefs, Vol. 22, No. 10 (Octo-
ber 1998), page 64.

A detailed description of the general-
ized pre-processor can be found in the
TMO Progress Report 42-144, October
2000, “Generalized Pre-Processor for
Block and Convolutionally Coded Sig-
nals.” Here we present a brief summary
of the generalized pre-processor (see fig-
ure), which makes use of the algebraic
structures of block and convolutional
codes. In the coherent mode of opera-
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This Simplified Version of the Pre-Processor performs
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Hadamard decomposition and signal reconstruction.
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tion, this pre-processor decomposes the
received code words by use of orthogo-
nal Hadamard basis functions and gen-
erates a vector of coefficients of length
K (where K is the number of bits per
code symbol) for each received block.
Next, the coefficient vector is multiplied
by a signal-weighting matrix to generate
a vector of log-likelihood functions. The
largest component of this decision vec-
tor is identified, and its index used to re-
construct the decoded code word.

The structure of the pre-processor
remains essentially the same for any

linear code of a given block length, ex-
cept for the signal-weighting matrix,
which is unique to each code. The sig-
nal-weighting matrix is pre-computed
for each coding scheme by first gener-
ating the set of code words, then multi-
plying the Hadamard matrix by the
coefficient matrix representing all pos-
sible code words.

The proposed generalized pre-
processor was tested in computational
simulations. The results showed that
under representative conditions, in-
cluding signal-to-noise ratios ranging
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from -5 to —-10 dB, the increase in car-
rier-phase-estimation performance is
equivalent to the improvement af-
forded by strengthening the received
signal by 5 to 6 dB.

This work was done by Victor Vilnrotter,
Clement Lee, and Norman Lay of Caltech

Jfor NASA’s Jet Propulsion Laboratory.

For further information, access the Techni-
cal Support Package (TSP) free on-line at
www.nasatech.com/tsp under the Elec-
tronic Components and Systems category.
In accordance with Public Law 96-517,
the contractor has elected to retain title to
this invention. Inquiries concerning rights

Jor its commercial use should be addressed to

Intellectual Property group

JPL

Mail Stop 202-233

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-30129, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

SImproved

Transponder for
Earth/Spacecraft

Communication

This transponder
utilizes advanced digital
signal-processing techniques.

Lyndon B. Johnson Space Center,
Houston, Texas

A prototype of a relatively inexpensive
S-band transponder has been developed
for use aboard a spacecraft as part of a
NASA spacecraft tracking and data net-
work (STDN). The transponder design
incorporates recent advances in digital
processing of received radio signals. No-
table features of the design include flexi-
bility in the choice of operating modes
and “smart” acquisition of signals. The

ransponder design could also be adapted
to military ground-based satellite commu-
nications and tracking and to commercial
Earth /satellite communication systems.

The overall function of the transpon-
der is to receive an S-band signal (uplink
signal) from the ground, demodulate
the signal to extract command and con-
trol information, and generate a return
carrier signal modulated by either rang-
ing or telemetry data to be transmitted
back to the ground (downlink signal).

The STDN waveform comprises a bi-
nary-phase-shift-keyed (BPSK) subcar-
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rier phase-modulated onto an S-band
carrier. The transponder must phase-
lock to the received uplink signal, deter-
mine frequency of the received carrier,
and generate the return carrier signal at
a frequency of exactly 240/221 times
that of the received carrier signal.

The receiver portion of the transpon-
der includes a flexible front end that
enables selection of any of the STDN
channels. An analog down-converter
translates the S-band received signal to
an intermediate frequency (IF) of =3
MHz in a noncoherent mode for in-
phase and quadrature detection. An all-
digital carriertracking loop coherently
extracts the carrier from this IF signal. A
field-programmable gate array is used to
implement a carrier-tracking algorithm
that supports operation of a first-, sec-
ond-, or third-order phase-lock loop.
The order of the loop can be changed
by changing digital coefficients of a filter
that is part of the loop. The return signal
is translated from the IF to S band via a
triple conversion process that maintains
coherence between the received and
transmitted carrier signals. An S-band
linear phase modulator supports direct
modulation of the return carrier signal.

Once the carrier has been extracted
from the incoming signal, it is neces-
sary to demodulate the subcarrier sig-
nal to extract the baseband signal that
contains the command and control
data; this involves subcarrier-lock and
bit-synchronization operations that are

performed by two commercially avail-
able application-specific integrated cir-
cuits that implement an all-digital
early/late integrate-and-dump tech-
nique. The design of the transponder
also incorporates an option to perform
frame synchronization and Viterbi de-
coding. A commercially available digital
signal processor performs frame-syn-
chronization and system-control func-
tions and serves as a communication in-
terface with the host computer. Every
system variable is editable via this
transponder/computer interface.

One of the main features of the
design is its ability to acquire the re-
ceived carrier signal in the presence of
modulation. This feature makes it un-
necessary to perform a tedious acquisi-
tion exercise to lock the uplink and
downlink prior to transmitting data.
When, as sometimes happens, lock is
lost, the transponder reacquires lock
automatically. The transponder can
also detect whether the carrier-tracking
loop has locked to a sideband and, if
s0, can automatically correct the oper-
ation of the affected oscillators to cause
the loop to lock on the desired uplink
carrier signal.

This work was done by David Sanderlin of
Shason Microwave Corp. for Johnson Space
Center. For further information, access the
Technical Support Package (TSP) free on-line
at www.nasatech.com/tsp under the Elec-
tronic Components and Systems category.
MSC-23074

@ Analyzing Multispectral Signatures
and Images of Biomaterials Through

Neural Computing

Automated analysis can save time, reduce fatigue,

and increase accuracy.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A method of semiautomated identifi-
cation of biomaterials, now under devel-
opment, is based on the use of a combi-
nation of neuralnetwork and of
self-organizing, molecular, and super-
vised-learning algorithms to analyze mul-
tispectral images. The method is espe-
cially applicable to such biomaterials as
tissues and cells depicted in multispec-
tral images of biopsy specimens. A basic
premise of this method is that tissues and
cells that are or may be malignant can be
distinguished from healthy cells by mor-
phological and molecular differences
that manifest themselves as observable
differences in multispectral images.

NASA Tech Briefs, September 2002

Heretofore, it has been necessary for a
pathologist to look at all the cells in a
biopsy specimen under a microscope in
order to determine the degree of malig-
nancy. This examination process is fatigu-
ing, and most cells in a typical specimen
are not malignant; as a result, the process
is time-consuming and usually results in
many errors. An automation method like
this one could reduce examination time
and fatigue while increasing the accuracy
of diagnosis by quickly analyzing an en-
tire specimen and identifying those por-
tions of the specimen to which the
pathologist’s attention and expertise
could be applied most productively.

www.nasatech.com
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The figure depicts the major steps of
the analysis process according to this Specimen on
method. A specimen is first placed on a Microscope Slide
microscope slide. Under an epifluores-
cence microscope, the specimen is ex-
posed to light in a wavelength band se- j‘:/
lected by means of a liquid-crystal tunable
filter. At present, transmission images of a

Fluorescence

specimen in approximately fifty 5-nm-wide Light Source

wavelength bands that span the range
from 470 to 710 nm. (In future versions,
the wavelength range may be divided into

Liquid-Crystal
Tunable Filter

M|cr::gope Image Neural-Network
e Digital | Cubes — | and I Classification and
Ca,?,e,a Other Algorithms Identification

a greater number of narrower bands.) The
image in each wavelength band is de-
tected and digitized (at present, to 12 bits
for each pixel) by a monochrome digitiz-
ing electronic camera. The resulting mul-
tispectral image data can be represented
as a stack of the images in the various wave-
length bands: in the art of multispectral

represents, is denoted an image cube.

For the purpose of identifying portions
of an image that merit a pathologist’s at-
tention to determine the degree of malig-
nancy, an image cube is processed by a
number of algorithms, some of which im-
plement artificial neural networks:

* The image cube is mathematically fil-
tered to extract salient features, in-
cluding sizes, shapes, and orientations
of cell nuclei.

Data acquisition

for both sides
of your brain.

* The unsupervised-self-organizing at-
tribute of neural networks is exploited
to partition the image cube into
classes based on similarities among
spectral bands in the pixels.

imaging, such a stack, or the data that it * A combination of the self-organizing
and supervised-learning attributes of
neural networks is exploited to enable
the use of a complex database of
image cubes of known benign and ma-
lignant cells as a guide to further clas-
sification of unknown cells.
Development efforts have included

the creation of a database of image

cubes of known benign and cancerous
human prostate cells. In tests thus far,
the method as applied to image cubes of

Images of a Specimen are acquired in multiple spectral bands, then digitized, then processed by
neural-network and other algorithms to identify portions that merit scrutiny by a human expert.

unknown prostate cells yielded correct
classification in 98 percent of the cases.
This work was done by Hamid S. Kohen of
Caltech for NASA’s Jet Propulsion Labo-
ratory. For further information, access the
Technical Support Package (TSP) free on-line
at www.nasatech.com/tsp under the Bio-
Medical category.
NPO-30265

Get information on the hottest new
Data Acquisition products by visiting our
Technology Focus Products page on-line
at www.nasatech.com/techfocus. Read
about the latest recorders, boards, and
software, and link directly to each ven-
dor’s Web site for more information.

FLUKE.

Get unyielding lab precision and rugged

industrial flexibility in a single solution

with the Fluke 2680 Series.

The new Fluke 2680 Series data acquisition system offers steady,

unyielding three sigma measurement accuracy for meticulous lab

work, and the rugged flexibility to apply “out of the box” prob-
lem-solving to changing industrial
applications. It’s the right choice
anywhere you need precision tem-
perature and other measurements,
with these unique capabilities:

* Standalone or networked
models. Run one standalone
chassis with 20 to 120 universal
inputs or connect several chassis
to serve up to 2,000+ channels
on your network.

» Versatility. Choose from multiple speed and scan selections,
high isolation versions, intersystem math channels, and
removable Universal Input Modules.

+ Powerful, easy-to-use software for configuration and basic
trending, with optional OPC and a powerful HMI development
system.

Whichever side of your brain you use most, the Fluke 2680 Series

helps you come out ahead. Call 1-800-44-FLUKE today for more

information or visit our web site at www.fluke.com.

Fluke. Keeping your world up and running.

2002 Fluke Corporation. All rights reserved. www.fluke.com Ad No. 01512
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2 Extending the Life of a Linear Tape-Open (LTO) Backup Tape

ALGOR, Inc., Pittsburgh, Pennsylvania

Data is any company’s most valuable
asset. Archiving systems are essential to
ensuring that valuable data is pre-
served. A wide variety of technologies
exists, but tape medium remains a pop-
ular choice for data backup due to its
comparatively low cost and large capac-
ity for data storage. Although tape
drives are far from new, Linear Tape-
Open (LTO) technology is a recent
innovation that was developed jointly
by Hewlett-Packard Company (HP),
IBM, and Seagate. LTO replaces pro-
prietary formats for corporate backup
solutions with an open tape format,
making it easier for customers to
choose products.

Historically, the backup tape drive
industry has been fragmented, and a
proliferation of formats and technolo-
gies complicated customer buying deci-
sions. LTO was defined as a best-of-
breed, open tape format that can
better serve multiple market needs and
be supported by multiple suppliers
through an open licensing process.

LTO maximizes capacity and perfor-
mance by combining a linear, multi-
channel, bi-directional tape format al-
ready in common usage. It also adds
enhancements in the areas of timing-
based mechanisms, data
compression, optimized track layouts,
and high-efficiency error correction
code. Customers benefit from this for-
mat specification through the availabil-
ity of multiple sources of product and

hardware

tape cartridges, and common tape for-
mat specifications for interchange.

The Ultrium format from HP is a
high-capacity, single-reel implementa-
tion of LTO, best suited for backup, re-
store, and archive applications for
standalone and automated environ-
ments. Cartridges have a capacity of up
to 200 GB.

In the process of designing tape
drives to meet the LTO specifications,
HP engineers conducted extensive
analysis and testing to ensure that their
product would stand out among avail-
able LTO drives for its reliability. In ad-
dition to extensive laboratory testing,
HP used finite-element analysis (FEA)-
based Mechanical Event Simulation

NASA Tech Briefs, September 2002
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Inside an Ultrium Backup Tape Drive, two rollers stabilize the tape as it is wound from a cartridge reel,
across the tape heads, and into a take-up reel. The MES results, superimposed over the photo, show
the stress in the tape as it is wrapped around the rollers and fed into the take-up reel.

(MES) software from ALGOR, Inc. to
analyze the behavior of the magnetic
recording tape as it is wound through
the tape drive in order to find a way to
reduce wear on the tape and increase
durability.

The challenge was to optimize the
LTO drive in order to increase tape
durability while maintaining tape path
stability. To study the tape’s behavior,
the software had to simulate motion,
contact between parts in an assembly,
large displacement, elastic material be-
havior, and stresses.

HP modeled the magnetic tape with
isotropic shell elements and the drive as-
sembly using kinematic elements. In the

www.nasatech.com

MES, the tape wraps around two rollers
and across a tape head, and is then
pulled into a take-up reel. The MES re-
sults showed the motion of the tape and
resulting stresses. These results helped
HP find a proprietary solution that
keeps the tape on track while reducing
stresses on its edge, thus extending the
life of the backup tape.

This work was done by Paul Poorman
of Hewlett-Packard Company. Visit
ltodrive. ALGOR.com to view the complete
report. For more information on wusing
ALGORs finite element analysis products,
contact ALGOR, Inc., 150 Beta Drive,
Pittsburgh, PA 15238; Tel: 800-48-ALGOR;
U'Il'll'.(l/g“l:('(”lh
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2 Remote Sense Helps Power Sources Accurately Simulate
Batteries and Charger Operation

The results are fewer false failure indications, more accurate device calibration, reduced
product returns, and higher profitability.

Keithley Instruments, Inc., Cleveland, Ohio

During development and production,
cell phones and other portable devices
must be tested and calibrated with a
power source that accurately simulates
battery operation. To avoid erroneous cal-
ibration and false failure indications in
devices under test (DUTSs), this generally
requires a source with special characteris-
tics. Besides low ripple and noise, it
should be able to simulate different out-
put impedances associated with various
battery chemistries, charge states, and
charger operation. Key features are re-
mote sensing of load voltage, a variable
compensation feedback loop, and supe-
rior open-loop response to load transients
(see figure). The ability to detect an open
sense lead also is desirable to avoid test
setup problems and potential DUT and
test equipment damage.

Cell phones and other portable de-
vices are designed for low power drain

In some applications, the rise and fall
times of the voltage and current pulses
are only tens of microseconds and the
entire pulse width may be less than a mil-
lisecond. With such a fast load transient,
a conventional power supply with less
than 20kHz bandwidth has a voltage
droop that is probably 100 times larger
than a battery’s, and does not recover
until after the current pulse has ended.
Therefore, conventional supplies are
poor simulators of batteries; they are
also illsuited for simulating DUT opera-
tion under constant current or constant
voltage charger operation.

The power source in a portable de-
vice test system may not be physically
close to the load. If the source uses only
local sense, the DC voltage drop in the
power leads, which are part of the local
sense feedback loop, can introduce
voltage output errors. The solution is to

Battery Simulation Power Source With Remote Sense Leads. Frequency compensation capacitors, C, are
useful in some situations to improve power supply stability.

when they are in standby or sleep mode.
They demand a burst of energy when
transmitting, receiving, or performing
other functions. When powered from a
rechargeable battery, which typically has
internal resistance in the range of 100-
500mQ when fully charged, the voltage
at the DUT drops and stays down for the
duration of the current (load) pulse.
This is a product of internal resistance
and load current.

40

use remote sense leads with a high
input impedance feedback amplifier to
minimize voltage drop and accurately
sense voltage at the load (see figure).
With appropriate design, the feedback
loop can provide fine control of the
power source output impedance,
thereby simulating various battery types
and charge states.

Typically, twisted pair cables are used
for both the power and remote sense

www.nasatech.com

leads. Note that in the figure, the com-
plete feedback loop is a reactive circuit
when supplying pulsing loads. Combined
with other loop elements, the remote
sense feedback circuit must have a high
(typically >1MHz) bandwidth for fast tran-
sient response, but cannot introduce in-
stability.

Power supply designers typically use a
frequency domain Bode plot to deter-
mine when the open-loop phase angle is
-180 degrees and open-loop gain is 0dbV.
Both conditions must exist simultane-
ously for instability to occur. Mathemati-
cally speaking,

Aforward gain

xB

A

closed loop gain = (1 +A

forward gain feedback )

AB must equal negative one for instability
(oscillation) to occur.

These conditions are often expressed in
term of phase margin and gain margin.
Phase margin is the difference between
-180 degrees and the phase angle when
open-loop gain is 0dBV (JAB|=1), i.e., the
change in open-loop phase shift required
to make a closed-loop system unstable. It
also measures the system’s tolerance to
time delay. Gain margin is the change in
the amount by which the open-loop gain
can be increased before system instability
occurs. The goal is a control loop that is
unconditionally stable for all values of gain
and expected phase shifts created by loop
elements. Given that load characteristics
are largely unknown to general-purpose
power supply designers, this is a tall order.

In some designs, if a remote sense lead
is impaired, the power supply automati-
cally defaults to local sensing. This can re-
sult in a voltage output error that is a seri-
ous problem for manufacturers using the
power supply to calibrate the DUT’s A/D
converter, which monitors battery voltage.
Erroneous calibration of the A/D con-
verter with the wrong voltage can show up
as a DUT failure during testing, even
though nothing else is wrong. Realistic
battery simulation, plus open sense lead
detection, can prevent these problems,
thereby lowering the frequency of retest-
ing, rework, and product returns.

This article was written by Robert Green,
Telecommunications Market Development
Manager at Keithley Instruments. For
information, call 1-800-534-8453, or visit
www.keithley.com.
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Electronics

< Clamps for Testing Cable Shields and Connector Shells

John E. Kennedy Space Center, Florida

Connector test clamps (CTCs) are
clamping electrical connectors designed
for use in testing electrical continuity
from the backshell of a connector at one
end of a shielded electrical cable, through
the cable shield, to the backshell at the
other end of the cable. CTCs increase the
reliability of testing of shielded electrical
cables beyond that achievable with alliga-
tor clips (for which suitable attachment

points often cannot be found). Each CTC
consists of a conductive jaw mounted
onto a manually operated ratcheting
clamp that can be released by finger pres-
sure on a lever. CTCs can be made with

jaws of various sizes and shapes to fit a va-

riety of connector shells or applications.
Each CTC is machined to allow connec-
tion of a standard banana-jack-tipped test
lead. Once the CTC is clamped into

Precision metal belts, drive tapes, and thin metal cylinders are used
in assembly, inspection and test, indexing, conveying, packaging
and imaging applications worldwide. Belt characteristics can
be modified with coatings, attachments or perforations. Innovation,
consistent quality and superior engineering have made Belt
Technologies, Inc. America’s leading producer of metal belts and

drive tapes.

For your unigue metal belt requirements, contact one of our
engineers and add Belt Technologies expertise to your team.

IR
B= |
o2 ‘
TECHNOLOGIES, INC. [
ISO 9001 Registered 1
www.BeltTechnologies.com }
11 Bowles Road, Agawam, MA 01001 » Tel.: 413-786-9922 e Fax: 413-789-2786 \

800-732-2358

42 For Free Info Enter No. 530 at www.nasatech.com/rs

place, one end of the test lead is inserted
into the jaw and the other into any type of
test equipment required. CTCs can be uti-
lized in any application where a standard
alligator clip is not sufficient.

This work was done by Kenneth A. Reaume
of United Space Alliance for Kennedy Space
Center. For further information, please con-
tact Phil Restivo, 1150 Gemini Ave., M/S:
USH-100 D, Houston, TX 77058, Tel. No.
(321) 212-6125, E-mail: Philip.G.Restivo@
USAHQ. UnitedSpaceAlliance.com
KSC-12286

€Making Audible

Alarms More
Noticeable in Noisy

Environments

Ames Research Center, Moffett Field,
California

An improved method of generating
audible alarms has been invented for
stressful environments in which there
may be considerable background noise
and where the intended recipients of
the alarms also need to pay attention to
sounds other than the alarms. An air-
craft cockpit is a typical example of such
an environment. This method does not
rely on a sustained loud alarm to attract
attention because a loud alarm can be
gratuitously startling and can mask
other sounds that also demand atten-
tion. Instead, this method comprises the
following elements: (1) The initial alert
and subsequent reminders are given via
short bursts of synthesized stereophonic
signals with a spectrum sufficiently dis-
tinct from the noise spectrum to be no-
ticeable. (2) Using pairs of earphones or
loudspeakers to implement the stereo-
phony, the alarm signal is made to ap-
pear to rapidly alternate between arrival
from two different directions. (3) The
alarm signal can be supplemented via
stereophonic manipulation of back-
ground-noise signals.

This work was done by Durand R. Begault
of Ames Research Center.

This invention is owned by NASA, and a
patent application has been filed. Inquiries con-
cerning nonexclusive or exclusive license for its
commercial development should be addressed to
the Patent Counsel, Ames Research Center,
(650) 604-5104. Refer to ARC-14556.
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Design & Analysis of Photonic Devices:

Software Plays a Key Role in
Overcoming Network Bottlenecks

he demand for ever-increasing band-

width in communications networks is
the driving force in the rapidly growing
photonics industry. The development of
low-loss optical fibers and wavelength divi-
sion multiplexing techniques during the
past decades has brought technology to a
point where mere electronic switches and
gates are the bottlenecks in communica-
tion systems. In the development of all-op-
tical replacements for such electronic
components, a combination of modeling
and experiments is required.

Modeling of photonic devices involves
the modeling of electromagnetic wave
propagation in heterogeneous, aniso-
tropic, nonlinear, dispersive, and lossy
media. Material parameters typically de-
pend on mechanical stresses and ther-
mal conditions as well as electric and
magnetic fields.

chosen to be large enough so that the
field of confined modes is zero at the
outer boundaries. For a confined mode
there is no energy flow in the radial di-
rection, thus the wave must be evanes-
cent in the radial direction in the
cladding. This is clearly seen in the sim-
ulation of the fiber.

Light Propagation in
Photonic Crystals

The study of photonic crystals involves
electromagnetic modeling of periodic
structures of alternating layers of materi-
als with different refractive indexes. De-
pending on the type of structure and
scale, a photonic band gap of forbidden
wavelengths is obtained for the device.
By destroying the periodic structure in a
limited region of the crystal, a wave-
guide can be created. Such waveguides

Mode analysis of a single step optical fiber made of silica glass. The full vector hybrid mode
formulation computes the HE11 mode (left) and the HE21 mode (right) without inherent
approximations. Here the axial field components Ez and Hz are plotted as color and contour
plots, respectively. Arrows indicate the direction of the in-plane electric field.

Mode Analysis of Optical Fibers
One of the winning devices of mod-
ern communication systems has been
the single mode silica glass (SiO,) fiber,
having a step index profile with a higher
refractive index in the center core, and
a lower index in the outer cladding. Nu-
merical modeling is playing an impor-
tant role in the design of single mode
waveguides and fibers. In the figure, a
single step index waveguide is studied.
The inner core is made of pure silica
glass with a refractive index of 1.4457
and the cladding is doped, with a re-
fractive index of 1.4378. These values
are valid for free space wavelengths of
1.55 pm. The radius of the cladding is

Ila

can be designed having very sharp bends
without significant loss of radiation. This
may enable an increase in integration
density in photonic circuits by several or-
ders of magnitude.

Stress-Optical Effects in a
Silica-on-Silicon Waveguide

Planar photonic waveguides in silica
(SiO;) have great potential for use in
wavelength routing applications. A
major problem with this type of wave-
guide is birefringence resulting in split-
ting of the fundamental mode and pulse
broadening. One source of birefrin-
gence is thermally induced stresses orig-
inating in the manufacturing process

www.ptbmagazine.com

where the waveguide structure is de-
posited on a silicon (Si) wafer. After an-
nealing at high temperature (approxi-
mately 1000°C), a mismatch in thermal
expansivity between the silica and silicon
layers results in thermally induced
stresses in the structure at the operating
temperature (typically room tempera-
ture, 20°C). The stresses affect the re-
fractive index, and the material becomes
birefringent. The design goal is to mini-
mize birefringence effects by adapting
materials and manufacturing processes.
In order to examine the shape and ef-
fective index of the fundamental mode,
it is critical to use prtotyping software
that allows for full coupling of the heat
transfer, structural, and optical analysis.

Design of a Photonics
Micro-Prism

Another way to reduce radiation losses
in photonics waveguide bends is to use a
micro-prism. If a micro-prism is placed
between two waveguides forming a sharp
bend, light will be guided between the
waveguides, through the prism. For a cer-
tain refractive index of the prism, the
light propagating through the prism will
couple to the respective mode under just
the appropriate resonance angle. If the
initial field distribution does not diffract
while propagating through the prism, the
coupling from the prism to the guide is
the inverse to the transfer of the light
from the guide to the prism. Therefore,
the efficiency of the process is very high.
The prism must be sufficiently long to
allow almost all of the power to exit into
the prism and vice versa. However, to
avoid diffraction, the size of the prism
should be kept as small as possible. The
trade-off between coupling and diffrac-
tion effects is readily studied in a numer-
ical model.

This article was submitted by COMSOL,
Inc., 8 New England Executive Pk., Burling-
ton, MA 01803. For more information e-mail
info@comsol.com or call (781) 273-3322.
The Los Angeles, CA office can be reached at
(310) 689-7250. To find out more about
FEMLAB software visit COMSOL online at
www.comsol.com.

Images were created using FEMLAB
software from COMSOL.
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Parallel Interconnect Modules:

The Reality for Telecom
Routing & Switching

elecom routers and switches have
T been pushing the limits of conven-

tional interconnect technology. As
routers and switches have become larger
and more complex the connection from
rack-to-rack or system-to-system has be-
come a bottleneck. Copper intercon-
nects have reached the limit in terms of
speed and distance. This need led to the
development of parallel optical inter-
connects. These interconnects transmit
data in parallel over a fiber ribbon, en-
abling large throughputs that are now
reaching up to 40 Gb/s with

board. Because of this, the size of single
channel transceivers has been reduced.
Packaging for SONET/SDH transceivers
has gone from bulky 1x9 transceivers to
Small Form Factor (SFF) transceivers.
Currently system vendors are placing 16,
32, or more SFF transceivers on one line
card. This takes up a large amount of
board real estate. The next logical step is
to place multiple transmitters and re-
ceivers in one package. This is where the
technology used to develop parallel in-
terconnects comes into play. Companies

Compatibility Requirements

The requirements for compatibility
between a multi-channel optical link
and existing SONET /SDH standards are
different than those for conventional
parallel interconnects. One fundamen-
tal difference is that for interconnects
the transmission is from one transmitter
to a receiver over a fiber ribbon. For
multi-channel SONET optics, the trans-
mission can be from many different sin-
gle channel transmitters to a single
multi-channel receiver (or vice-versa) by
using an optical fan-out

one link.

There are two competing
technologies for the parallel
interconnect market. The
first uses conventional 1310
nm Fabry Perot edge emit-
ting lasers. These lasers pro-
vide the benefit of proven
reliability and the ability to
transmit over Single Mode
(SM) or Multi-mode (MM)
fiber. The second technol-
ogy is based on 850 nm Ver-
tical Cavity Surface Emitting
Lasers (VCSEL’s). This tech-

SONET/SDH compatible multi-channel module

(see diagram).
The specifications are

also different. In general,

0C-3/0C12TRx the Extinction Ratio
0OC-3/0C-12TRx _ (ER) must be larger for
0C-3/0C-12TRx SONET links. In addi-
~ 0C-3/0C-12TRx tion, the channel-to-
 0C-3/0C-12TRx channel crosstalk is
T0C-3/0C-12TRx. much more important.
"0C3/0C12TRY The large majonty‘of the
T 0C3/0C12TR SONET market is for

Parallel Optical Interconnect

nology is attractive because
of lower cost; however, they
can only transmit over MM

8 channel

fiber. Both technologies can

lower data rate parts, ei-
ther OC-3 (155 Mb/s) or
OC-12 (622 Mb/s).
These links must meet
the Intermediate reach
(IR) specifications. In
order to meet the dis-
tance requirements of

transmit over MM fiber with
distances of 300 meters or
longer. Interconnects that
use SM fiber can transmit distances of
several kilometers.

Potential Advantages

Although the market for large
switches and routers has slowed in the
current economy, thus the demand for
parallel optical interconnects has de-
creased, there is a new emerging appli-
cation for this technology: SONET/SDH
(Synchronous Optical Network/ Syn-
chronous Digital Hierarchy) compatible
multi-channel modules. SONET/SDH is
still the predominant technology for op-
tical transmission to the ports for tele-
com switching and routing equipment.
System vendors are trying to put more
and more optical transceivers in one

2a

Transmission for multi-channel SONET optics using an optical fan-out vs. conven-
tional parallel interconnects.

are now introducing multi-channel links
that are compatible with existing
SONET/SDH standards. By using multi-
channel links vendors can cut their real
estate for optics in half, or more. By of-
fering compatibility with existing stan-
dards and leveraging the price advan-
tage of multi-channel packaging, there is
a significant advantage to using multi-
channel modules to replace SFF parts.
In addition to the density savings, there
are potential cost savings as well. Cur-
rently a SFF OC-12 IR TRx costs up to
$200. With multi-channel optics, this cost
can be cut in half to $100/channel. The
cost reduction coupled with the 50%
density improvement provides a tremen-
dous advantage to the system designer.

www.ptbmagazine.com

more than 15 km, the re-
ceiver sensitivity is criti-
cal. The OC-12 IR specifi-
cation requires sensitivity of better
than -28 dBm. In order to meet this re-
quirement, the channel-to-channel
crosstalk is critical.

Today there are many companies de-
veloping parallel interconnect mod-
ules. However, as the economy contin-
ues to struggle along, the ability to find
new applications and new markets will
be key to the survival of vendors of par-
allel interconnect technology.

This article was written by Chris Keller,
general manger of the Technology Depart-
ment, for Optobahn Corporation. The author
may be contacted at ckeller@optobahn.com or
(310) 768-2900. Visit Optobahn Corp. on-
line at www.optobahn.com.
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visit www.nasatech.com/techsearch

Ceramic Fibers for High Temperature Matrix Composites
Bayer AG

These low cost, low-density ceramic fibers are used to manufacture ceramic matrix
composites for applications in aerospace, automotive, and power generation. Sub-
stantial operational cost reductions can be
anticipated thanks to weight savings and
thermal efficiencies.

When compared to superalloys and exist-
ing ceramic fibers, SIBORAMIC fibers ex-
hibit superior high temperature mechanical
properties. Benefits include resistance to ox-
idation and molten silicon at 1600°C, amor-
phous up to 1800°C, small coefficient of
thermal expansion (3 -10°/K), and self-heal-
ing in oxygen atmosphere. They also have a
low specific weight (1,8 g/cm?) and low elec-
trical and thermal (0,4 W/mK at 1500°C) conductivity.

The fibers’ economical production process does not require electron radiation
curing or coating before incorporation into a matrix, which reduces composite man-
ufacturing expenses.

For more information go to:
www.nasatech.com/techsearch/tow/siboramic.html
Email: nasatech@yet2.com
Phone:617-557-3837

Single Detector Cylinder Recognition
Bosch

This cylinder recognition technology for internal combustion engines uses a single
detector and simplified circuitry. Earlier technologies used two detectors, a compara-
tor, a mono-stable multi-vibrator, and a significant quantity of electronic circuitry to
identify the particular cylinder operating in the power stroke of the engine cycle.

The equipment from Bosch consists of an ig-
nition controller for generating ignition signals;
a signal distributor, which is connected to the ig-
nition controller and to the ignition coils associ-
ated with two selected cylinders; one detector
for generating a signal indicating spark genera-
tion in a cylinder; a processor for analyzing the
signal generated by the detector; and a control
circuit responsive to the processor for out-
putting a control signal indicating the particular
cylinder, which is operating in the power stroke
of the engine cycle.

According to Bosch, this simplified technology reduces production costs and has
already been incorporated in internal combustion engines.

For more information go to:
www.nasatech.com/techsearch/tow/detector. html
Email: nasatech@yet2.com
Phone:617-557-3837
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Reflective Variants of Miniature Microscope Without Lenses
The specimen would be illuminated in reflection rather than in transmission.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The figure schematically depicts two
proposed alternative versions of an in-
strument that amounts, in effect, to a
compact, lightweight optoelectronic mi-
croscope that contains no lenses and
generates a magnified video image of a
specimen. The instrument was de-
scribed in “Miniature Microscope With-
out Lenses” (NPO-20218), Vol.

of the instrument has been built and
demonstrated to function as intended.
The main differences between the
previous version and the present pro-
posed versions of the lensless micro-
scope lie in the manner in which the
specimen would be illuminated. The
previous version was designed for a

partly transparent but highly scattering
specimen. The specimen was illumi-
nated in a transmission mode with
highly collimated light that was aimed
through the specimen parallel to the
axes of the microchannels.

According to the present proposal,
the specimen would be illuminated in ei-

22, No. 8 (August 1998), page
43. In the design and construc-
tion of the instrument, the fo-
cusing optics of a conventional
microscope were replaced by a
combination of a microchannel
filter and a charge-coupled-de-
vice (CCD) image detector.
Elimination of focusing optics
reduced the size and weight of
the instrument and eliminated
the need for the time-consum-
ing focusing operation. At the
time of the previous article, the

|

lco| ]
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instrument was only at the con-
ceptual stage of development,
but since that time, a prototype

This Miniature Microscope, like its predecessor described in the cited prior article, would not contain any lenses
or other focusing optics. Focusing would not be necessary because the microchannels would effect a one-to-one
mapping from locations on the specimen to pixel locations on the CCD.
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ther of two reflection modes. In one
case, the illumination would be pro-
vided by microscopic light-emitting
diodes mounted on the walls between
the microchannels, facing the specimen.
In the other case, the specimen would
be covered by a glass plate. [llumination
would be brought in from the side by
total internal reflection in the glass
plate. A fluid with an index of refraction
equal to that of the glass would be
placed between the specimen and the
glass plate to couple the illumination
onto the specimen. There would be a

thin airgap between the glass plate and
the microchannel plate. Some of the
light scattered and reflected by the spec-
imen would travel along the microchan-
nels to the CCD, as in the other versions
of this instrument.

This work was done by Yu Wang of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com/tsp under the Physical
Sciences category.

NPO-20610

Spectral Region for Laser Isotope

Measurements of Gases

Tunable-laser absorption measurements yield temperature and
concentrations of six isotopic species.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A mid-infrared wave-number range

- has been identified as being useful for
laser measurements of CO and CO,
gases that contain various combinations
of isotopes of C and O. The isotopic
species are “C'°O (common CO),
J'CISO, I‘ZCIBO‘ moxzcmo, 12C1602 (com-

mon COy), and *C"°0,.

More specifically, the wave-number
range from about 2,036.2 to 2,038.4 cm™
(wavelength range from about 4.9111 to

about 4.9058 pm) contains two absorp-
tion spectral lines for *C'°0,, a group of
lines for l“‘CI(’OQ, and one line for each
of the other isotopic species (see figure).
The range is narrow enough that it can
be spanned by a typical tunable laser.
From measurements of the absorp-
tion of laser light in this wavelength
range, one can determine simultane-
ously the temperature of a gas mixture
and the concentration of each of the six

1.00
160120180

0.98 —
1216y

% 0.96 — =
I 1201602 |
0.94 — —
0.92 — 12016,
| . | | f. S
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The Transmission Spectrum of a mixture of isotopic species of CO and CO, contains distinct absorption
lines for each of the species in narrow wave-number range centered at about 2,037 cm™. The “C'°0,
Q-branch lines would provide an independent determination of temperature. The spectral simulation
shown is typical for Mars atmospheric conditions.
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isotopic species. Potential applications
for instruments based on this measure-
ment principle include Earth and plane-
tary gas spectrometers; analysis of ex-
haled, isotope-tagged CO and CO, for
medical diagnosis; analysis of isotope-
tagged CO and CO; for research on the
operation of automotive engines and
the resulting pollution; and other appli-
cations in industries that involve the

sensing and/or measurement of gases.

This work was done by Christopher Web-
ster of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, ac-
cess the Technical Support Package (TSP)
free on-line at www.nasatech.com/tsp
under the Physical Sciences category.
NPO-21163

Fiber-Coupled Microsphere Laser at
Wavelength of 1.55 pm

Coherent radiation can be generated or amplified by an

extremely compact device.

NASA’s Jet Propulsion Laboratory, Pasadena, California

The figure depicts the laboratory
setup of an optical-fiber-coupled micros-
phere laser with an output in the 1.55-
pm wavelength band used in some com-
munication systems. This laser offers the
obvious advantages of compactness and
simplicity. In addition, as consequences
of the high resonance quality factor (Q)
and smallness of the microsphere, it also
offers the non-obvious advantages of a
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high degree of spectral purity and a low
threshold power level. This laser could
be useful as a source of highly coherent
infrared light or, if operated in a sub-
threshold regime, as a low-noise front-
end amplifier in optical communication.
Alternatively, with the addition of active
mode locking, this laser could be the
core of an ultra-compact optoelectronic
oscillator that would generate a light sig-
nal modulated by a microwave signal ac-
cording to the principle described in
“Closed-Loop Microsphere Laser for
Optoelectronic ~ Oscillator”  (NPO-
20597), NASA Tech Briefs, Vol. 25, No. 9
(September 2001), page 14a.

The microsphere serves as both the
resonator and the gain medium of the
laser. It is made of a standard erbium-
doped aluminosilicate glass ordinarily
used as the core material of communica-
tion-band fiber-optic amplifiers. The
pump light, at a wavelength of 977.6 nm,
is generated by a diode laser. The pump
light is supplied to the microsphere
through a single angle-polished fiber-
optic evanescent-wave coupler like the
one described in “Simple Fiber-Optic
Coupling for Microsphere Resonators”
(NPO-20619), Vol. 25, No. 5 (May 2001),
page 70.

Inside the microsphere, the pump
light excites “whispering-gallery” wave-
guide modes that circulate by virtue of
total internal reflection. In a standard
erbium-doped-fiber laser or amplifier,
the length of the active fiber must be at
least a few meters to obtain enough ab-
sorption of the pump light. In the mi-
crosphere laser, the circulation of the
“whispering-gallery” modes provides the
necessary path length for absorption,
thus making it possible to reduce the
laser volume drastically. The 1.55-pm

Photonics Tech Briefs, September 2002
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This Fiber-Coupled Microsphere Laser is a highly miniaturized source of coherent radiation at a wave-
length of 1.55 pym. In the photograph, the lasing region is rendered visible by up-conversion-pumped

fluorescence at wavelengths of 525 and 545 nm.

laser radiation is coupled back into the
optical fiber and selected for output by a
wavelength-division demultiplexer.

This work was done by Viadimir Iltchenko,
Steve Yao, and Lutfollah Maleki of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com/tsp under the Physical
Sciences category.
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invention. Inquiries concerning rights for its
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Intellectual Property group
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Refer to NPO-20918, volume and number
of this NASA Tech Briefs issue, and the
page number.

Multiple-Pump Lasers

Fiber-optic coupling is exploited to increase reliability without

excessive complexity.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A conceptually simple, effective
scheme for reliable, high-power
pumping of neodymium:yttrium alu-
minum garnet (Nd:YAG) lasers (and
perhaps also other solid-state lasers)
has been devised. Heretofore, it has
been common practice to pump a
Nd:YAG crystal by use of a single diode

Photonics Tech Briefs, September 2002

laser. However, diode lasers are not re-
liable enough to support long-life,
high-power operation. If multiple
diode lasers could be used to pump a
single Nd:YAG crystal, then laser oper-
ation would be less degraded by the
deterioration or failure of a single
diode laser.
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One alternative scheme for coupling
light from multiple laser-diode pumps
into a single Nd:YAG crystal would in-
volve the integration of multiple laser
diodes, along with relatively complicated
optics, onto a single chip. In such an
arrangement, it would not be possible to
change the number of pumps. More-
over, the pumps would not be isolated
from each other, so that failure of one

could adversely affect the operation of

the others.

In contrast, the present scheme af-
fords optical isolation of the pump lasers
from each other, is amenable to addition
or removal of pump lasers, and involves
relatively simple optics. The output ends
of the fibers of multiple independent
fiber-coupled laser diodes are bundled
together in a ferrule (see figure). A gra-
dient-index-of-refraction (GRIN) lens in
the ferrule combines the multiple pump
beams into a single beam aimed into the
Nd:YAG crystal. The failure of one laser
diode does not affect the operation of
the others, and the light from the others
continues to pump the Nd:YAG crystal.

This work was done by Serge Dubovitsky,
Jerry Mulder, and Duncan Liu of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, access the Technical
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Light From Multiple Pump Lasers is coupled through optical fibers into a ferrule, wherein the individ-

ual pump beams are combined.

Support Package (TSP) free on-line at
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reading of 1D bar or 2D matrix codes, OCR, and pattern recogni-
tion/alignment. Solutions are also available which handle special tasks.

67 South Bedford Street, Suite 400W

from 500 x 580 to 1280 x 1024 pixels
Analog Devices ADSP2181/83/85, TIC62XX
from 2MB to 8MB DRAM (TI: 16MB)

from 0.5 to 2 MB flash EPROM (TI: 8MB)
RS232 up to 115.2 KBaud or FastEthernet

4 inputs, 4 outputs, 12-24V,

optically isolated
4 x 2 x 1/, inches

starting at

Vision Components GmbH
Ottostr. 2

D-76275 Ettlingen, Germany
Phone: +49 7243 2167-0
Fax:  +49 7243 2167-11
sales@vision-components.de
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= ~ Imagine. Some of the most brilliant ideas Got some brilliant ideas of your own?
in photonics, assembled for your review. Then post the results of your own
R&D by the world’s leading companies in R&D labor for a chance to shine and
fiberoptics, imaging, transmission, and catch the eye of someone looking to
optical devices, to name a few. license. Who knows the possibilities?

y  Now imagine the ability to €
/ search out and obtain licens- (mm}“
“m/" | able technologies that could
_ . help your photonics project
see the light of day. Save
your searches and have
new technologies pushed
out to you as they
become available.

You can also view yet2.com’s Tech of the Week by logging onto nasatechbriefs.com

For Free Info Visit www.nasatech.con/489 or Enter No. 489 at www.nasatech,com/rs
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Product Guide: Tunable Lasers

CONTINUOUS WAVE TUNABLE LASERS

Wavelength
Range (nm)

370-1100
400 - 940
650 - 678
675-1100

690 - 1100
700 - 1000
795 - 853

960 - 995

1064 - 1600
1064 - 1600
1064 - 1600
1280 - 1340
1290 - 1340
1360 - 1430
1390 - 1540
1415 - 1480
1430 - 1530
1470 - 1520
1490 - 1640
1500 - 1600
1520 - 1570
1520 - 1620
1521 - 1621
1525 - 1565
1525 - 1565
1525 - 1625
1528 - 1605

1570 - 1640

Tuning
Range

60 GHz
960 - 995

1280 - 1340

1415 - 1480

50 GHz

30 GHz
1520 - 1620
16,32 nm
40 nm

40 nm

8 channels

30 GHz

12 nm/sec
15 nm/sec
1s typ.

1s typ.

1s typ.

20 nm/sec
1s typ.

1s typ.

1s typ.

1 - 100 nm/sec
10 ms

10 ms

10 ms

1s typ.

<500 kHz
40 GHz
<300 kHz
<1 GHz

<30 GHz
<100 kHz
<300 kHz
<300 kHz
<2 nm
<2 nm
<2 nm
<300 kHz
150 kHz
150 kHz
150 kHz
<300 kHz
150 kHz
<300 kHz
150 kHz
150 kHz
<300 kHz

10 MHz typ.
20 MHz typ.

10 MHz
30 MHz
150 kHz

10 MHz typ.

<300 kHz

Output
Power (W)

>2, peak

>3, peak
0.002 - 0.006
35

>3, peak

>1.5, peak
0.002 - 0.007
0.008 typ., max.
upto 10

up to 20
upto5

0.008 typ., max.
up to 0.002

up to 0.002

up to 0.006
0.008 typ., max.
up to 0.002
0.006 - 0.010
up to 0.006

up to 0.010
0.005 - 0.007
0.004

0.010, 0.020
0.010

0.002

up to 0.002
0.020

0.005 - 0.015

Pumping
Method

DPSS or Ar ion
DPSS or Ar ion
Diode laser

Argon ion or
CW green SS laser

DPSS or Ar ion
DPSS or Ar ion
Diode laser
Diode laser
Laser diode
Laser diode
Laser diode
Diode laser
Laser diode
Laser diode
Laser diode
Diode laser
Laser diode
Diode laser
Laser diode
Laser diode
Diode laser
Diode laser
MEMS VCSEL
SG-DBR/SOA
SG-DBR/EAM
Laser diode

InGaAsP
DFB laser chip

Diode laser

899-21 or -29
599

6009 Vortex
3900S

890/899-LC
MBR-110

6017 Vortex
6320 Velocity
BWC-FL-1064
BWC-FL-1115
BWC-FL-1290
6324 Velocity
Tunics-Plus O
Tunics-Plus E
Tunics-Plus S/WB
6327 Velocity
Tunics-Purity S
6027 Vortex
Tunics-Plus CLUWB
Tunics-Plus 10
6029 Vortex
TLB-6528-H
ML-20

3015

4245
Tunics-Purity CL
LCW508ET

6031 Vortex

Company
Coherent
Coherent

New Focus
Spectra-Physics

Coherent
Coherent
New Focus
New Focus
B&W Tek
B&W Tek
B&W Tek
New Focus
NetTest
NetTest
NetTest
New Focus
NetTest
New Focus
NetTest
NetTest
New Focus
New Focus
Nortel Networks
Agility
Agility
NetTest
Nortel Networks

New Focus

PULSED TUNABLE LASERS

Wavelength Linewidth Rep Rate Pulse Pumping
Range (nm) (nm or MHz)  Energy (Hz) Width (ns) Method Company
205 - 1000 <1 cm’ — 10-10 kHz 20-50ns Green Nd:YLF Proteus Quantronix
205 - 2550 <6.5 cm’ >100 mJ, peak 10 - 50 3-7ns Nd:YAG Panther OPO Continuum
210 - 400 Variable 1-4m) 10 5ns Doubling or VIBRANT UV module Opotek
mixing OPO
220 - 1800 <0.075 cm” up to 75 mJ 10, 20 ~5ns Nd:YAG MOPO-HF Spectra-Physics
220 - 2300 Depends on up to 80 mJ 10, 20, 30 ~5ns Nd:YAG MOPO-PO Spectra-Physics
wavelength
225 - 1750 <0.075 cm” 40, 50 mJ, peak 10, 20 3-6ns Nd:YAG Sunlite EX OPO Continuum
300 - 500 Variable > 5 mJ, max. 10, 20 5ns 266 nm Nd:YAG VIBRANT 2660PO Opotek
300 - 10000 Depends on Hue 1,5 kHz 50 fs, 90 fs, Ti:sapphire OPA-800C Spectra-Physics
pulse width 1300 nm 130 fs, 2 ps amplifier
410 - 2400 Variable >3,>5ml 20 5ns 355 or 532 Opolette Opotek
nm Nd:YAG
410 - 2400 Variable 35,70 mJ 10, 20 5ns 355 nm Nd:YAG VIBRANT 3550P0 Opotek
410 - 2630 50 - 300 ¢cm” 10,35 mJ, peak 10, 20 3-5ns Nd:YAG Surelite OPO Continuum
480 - 2400 — 3-4uj,peak 0-250kHz fs Ti:sapphire RegA-OPA Coherent
12a www.ptbmagazine.com Photonics Tech Briefs, September 2002



Linewidth
(nm or MHz2)

Rep Rate
(Hz)

Wavelength
Range (nm)

Energy

Pulse
Width (ns)

Pumping
Method

Company

525 - 665 — ~2n) 76 MHz, std. fs or ps Ti:sapphire Mira-OPO-SHG Coherent

680 - 2400 Variable 40,100 mJ 10, 20 5ns 532 nm Nd:YAG VIBRANT 5320P0 Opotek

690 - 1080 Depends on 25n) @ 800 nm 80 MHz 35fs-80ps CW green SS laser ~ Tsunami Spectra-Physics
pulse width

700 - 1000 — >17n) 76 MHz, std. fs or ps Verdi DPSS orArion  Mira Coherent

720 - 930 — >11n) 90 MHz <140 fs Verdi DPSS Chameleon Coherent

750 - 850 ~12nm @ 9n)@800nm 80 MHz <100 fs Single diode Mai Tai Spectra-Physics
800 nm laser module

750 - 900 Depends on upto2.25m) 1,5,50kHz 50 fs, 90 fs, Nd:YLF Spitfire Spectra-Physics
pulse width 130 fs, 2 ps, 80 ps

780 - 920 ~12nm @ 9n) @800nm 80 MHz <100 fs Single diode Mai Tai Spectra-Physics
850 nm laser module

1050 - 3000 — ~3nl 76 MHz, std. fs or ps Ti:sapphire Mira-OPO-IR Coherent

1100 - 2300 ~20nm @ 2n) @1300 nm, 80 MHz <130 fs Ti:sapphire Opal Spectra-Physics
1300 nm 1500 nm oscillator

1527 - 1563 1.0 nm —_ — — InGaAsP MT25 Series Nortel Networks

DFB laser chip
1528 - 1563 0.6 nm —_ — —_— InGaAsP LC25 Series Nortel Networks
DFB laser chip

2700 - 3500 3-4cm’ >5m) 10 4ns Nd:YAG IR-OPO Opotek

Company URL Company URL

Agility Communications, INC. ...cccommimmnnnens . WWW.agility.com Nortel Networks - Optical Components

B&W Tek Inc. www.bwtek.com www.nortelnetworks.com/opticalcomponents

Coherent, Inc. www.coherentinc.com Opotek Inc. www.opotek.com

Continuum www.continuumlasers.com Quantronix Corp. www.quantron.com

NetTest Inc. www.nettest.com Spectra-Physics Inc. www.splasers.com

New Focus www.newfocus.com

From the publishers of NASA Tech Briefs

New in the NTB Store

Made to military
specifications, this MA-1
flight jacket looks and
feels like the real thing,
with high-quality
authentic aviation
patches. $49.95

Astronaut Flight Jacket
Authentic polycotton twill jacket
features U.S. flag and NASA logo
patches, aviator collar, and protective
inner lining. $99.95

Space Shuttle Thermal Tile
A unique educational
item and a must for
collectors! Actual
piece of protective tile
made for Columbia — the first space shuttle.
Packaged in a clear display box, with
certificate of authenticity. $15.95

= Lightweight
= UL spproved
‘ = High Resolution

= Simple to operste

‘ ® Custom F: 1.0,
25mm Lens

FIND-R-SCOPE

infrared Viewer

Order online at
www.nasatech.com/store

FJ W OPTICAL SYSTEMS, INC.

322 Woodwork Lane = Palatine, IL 60067 = (847) 358-2500  FAX(847) 358-2588
www.findrscope.com « Email: fijwopt@concentric.net

For Free Info Visit www.nasatech.com/452
or Enter No. 452 at www.nasatech.com/rs 13a



VELMEX. ne.
Made in Bloomfield, NY

VERSATILE UNISLIDE

ASSEMBLIES FOR:
* ALIGNMENT
* FIXTURES
* GAUGING
* TESTING
* PROTOTYPES
* WORK HOLDING
* METROLOGY
* INDEXING
* XY TABLES

FAST DELIVERY
OF 747 MODELS
IN MANY
LENGTHS

Free catalog

wvelmex.com
sales@velmex.com
Tel: 585 657-6151

For Free Info Enter No. 412 at vyivyv.nasatech.comlrs

SOLUTIONS FOR OPTICAL
TEST AND INSPECTION

P\R"l_ jR Prior Scientific manufactures a complete line

highest precision

to the most

has it! For more
information on any of

of microscope automation equipment,
fiber optic inspection instruments,
microscopes and accessories
for all your optical and
test inspection needs.
Everything from the

motorized stages
and focus systems

advanced fiber optic
endface inspection
systems, Prior Scientific

our products please contact
Prior Scientific or visit prior.com.

(_Visit us on the web at www.prior.com )

Prior Scientific, Inc. 80 Reservoir Park Drive Rockland, MA 02370

Tel: 800-877-2234 « 781-878-8442 Fax: 781 -878-8736
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For Free Info Visit www.nasatech.com/428 or
Enter No. 428 at www.nasatech.com/rs

New Products
oo iR R

Product of the Month

RF Automated Accelerated Characterization
Test System
The RF single-rack 4- and 8channel version of Maxwell
Technologies’ (San Diego, CA) Automated Accelerated
Reliability Test Systems (AARTS) is offered in two fre-
quency bands — 600 MHz to 3GHz, and 900MHz to
10GHz. These systems perform accelerated-aging per-
formance characterization tests on discrete transistors,
monolithic microwave integrated circuits (MMICs), hy-
brid microwave integrated circuits (HMICs), and
RF/microwave module assemblies. The system consists of hardware and soft-
ware used to initiate, supervise, and record temperature, electrical, and RF per-
formance parameters automatically throughout the test duration.

For Free Info Visit www.nasatech.com/maxwell

F-Theta Scan Lenses

F-Theta Ronar scan lenses from LINOS Photonics
(Milford, MA) have a compact design for small,
fast scan heads with apertures from 5 to 8mm. Fea-
turing a screw thread of M39x1 and outer diame-
ter of 47mm, the series consists of lenses with a
focal length of 160mm (1064 and 532nm wave-
lengths) and 63mm (1064, 532, and 830nm wave-
lengths). Long focal range F-Theta lenses offering 635mm focal length for a
wavelength of 532nm, and an image field of 390 x390mm?®, are also available.
Aberration-free imaging is achieved up to a beam diameter of 20mm, resulting
in a spot size of 32pm with an edge intensity of 1/¢*.

For Free Info Visit www.nasatech.com/linos

Femtosecond Laser System

The Titan-10K Ultrafast micromachining
system from Quantronix (East Setauket,
NY) combines a 100 pJ, 10 kHz, 100 fs Laser
system with an industrially proven beam de-
livery system. The combination of sub 100
fs pulses, high pulse energy and 10 kHz rep-
etition rate delivers Peak Powers over 50 GW and 10X faster processing speeds.
This Ultrafast Micromachining System consists of a Diode-pumped Solid-State
Ti:Sapphire Oscillator, Solid-State Pump Laser, Ti:Sapphire Regenerative Ampli-
fier, High precision /accuracy fixed beam delivery system, XY-Positioning Table,
and a Windows™ based Fully Integrated Laser Machining Software.

For Free Info Visit www. ch q onix

Ultra-high Damage Threshold 1064 nm Optics
A new range of components from Alpine Research Op-
tics (Boulder, CO) delivers ultra-high damage threshold
and maximum pulse count lifetime when used with
high peak power, gswitched, 1064 nm Nd:YAG and
Nd:YVOj lasers. These high performance coatings with-
stand up to 40 J/cm* for high reflection (mirror) de-
signs and up to 20 J, cm? for antireflection designs. The
standard component line includes mirrors, partial re-
flectors, windows for 0° and 45° operation, and a range
of spherical and cylindrical lenses. Round parts available in diameters up to 75
mm. Lenses offer radius of curvature between 0.05 and 10 meters.
For Free Info Visit www.nasatech.com/alpine

Optical Signal Sensor

Oluma's (Carlsbad, CA) Optical Signal Sensor
(OSS) combines the function of a tap coupler
and photodiode in one small, low-cost, high-
performance package. The OSS monitors
power levels between -40 dBm and +25 dBm in

the S, C, and L bands. Several configurations
are available in channel counts from 1 to 8 eliminating discrete components
and excessive fusion splice points. Oluma’s proprietary power monitoring
technology and patented fiber waveguide assembly processes are the basis of
these components that are now shipping. Production quantities and evalua-

tion samples are available.
For Free Info Visit www.nasatech.com/oluma
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www.keithley.com

o :

No limit on sensitivity - On expandability -+ On versatility

Just imagine what you could discover if you weren't limited by your instruments.

Keithley's specialized and general purpose measurement solutions help scientists and engineers meet
tomorrow's measurement challenges as well as today’s. All our advanced research products are
engineered with the accuracy, flexibility, and reliability you need. Each one is backed by our industry-
leading applications support team to help you get the most from your equipment investment.

Take the first step toward greater measurement sensitivity—contact us at 1-888-KEITHLEY
or visit www.keithley.com/research and download our FREE Materials Research Kit

j-seesasane - s i

e S

Faster, easier Flexible DC/RF switch and measure Cost-effective Sub-femtoamp Remote
device characterization systems in one easy-to-use instrument PCl plug-in boards SourceMeter"

KEITHLEY

A g RUE AT B R M. E A S UIRE O F CQOQNFLDENRECE
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¢3 GUI Software for Manalgling
Router Configuration Files

Cisco I0S Manager (CIOSMAN) is a
computer program that generates a
graphical user interface for managing
configuration files for an Internet-Proto-
col router. [In this context, “IOS” signi-
fies the Cisco Internetworking Operating
System and “router” signifies a system of
computer-network switching hardware
and software.] Heretofore, the manage-
ment of configuration files has been dif-
ficult, time-consuming, and error-prone
because (1) the files tend to be large and
complex, especially when they contain
large access control lists (ACLs); and (2)
it has been necessary to update the files
by manual text editing. CIOSMAN in-
cludes routines for analyzing master con-
figuration files or a router configuration
dump (to show a running configuration)
and for manipulating of specific inter-
faces and ACLs via point-and-click selec-
tion. A multiform capability enables the
user to navigate among forms without
backing out of a previously chosen form.
Changes in interface or ACL informa-
tion are validated before they are applied
to the affected database. There is an op-
tion for compiling and updating a file:
this option provides all the commands
needed to apply a change to an ACL on
line via either an integrated or a separate
Telnet application program.

This program was written by Wayne Ed-
ward Morse of United Space Alliance for
Kennedy Space Center. For further infor-
mation, please contact:

Wayne E. Morse

M/S: USK-073

Kennedy Space Center, FL. 32899

Tel. No.: (321) 861-7822

E-mail: wayne.morse-1@ksc.nasa.gov

KSC-12304

#3 Software for Managing a
Health and Environmental
Database

Health and Environmental Resource
System (HERS) is a relational-database
computer program with a graphical user
interface that assists members of an en-
vironmental health organization in the
collection, analysis, and reporting of
data pertaining to industrial hygiene, ra-
diation health, environmental sanita-
tion, control of pollution, management
of construction, management of haz-

44

ardous materials, and administration.
Prior to the development of HERS, most
of the data were stored, variously, in
paper files or in non-relational com-
puter files accessible by only one user.
Consequently, there was no easy way to
perform comprehensive assessments of
risk, and reporting was jeopardized by
inconsistency and unavailability of data.
HERS is designed for a multiuser envi-
ronment and provides for interactive
management of data as well as robust
tracking and scheduling of tasks. Web-
based application programs to be linked
with HERS are being developed to en-
able the exchange of data with cus-
tomers and with employees in the field.
Also under development is a capability
for importing data from a geographical
information system so that HERS data
can be linked to map locations: All the
data about a location shown on a map
will be accessible by clicking on a mouse.

This program was written by Pamela
Tucker and additional applications to en-
hance the program were also written by Chris
Erickson, Kevin Garbin, and Gary Palmer,
Jr, of Comprehensive Health Services for
Kennedy Space Center. For further infor-
mation, please contact:

Pamela Tucker or

Gary Palmer

8810 Astronaut Blud.

Suite 145

Cape Canaveral, FI. 32920

Tel. No.: (321) 867-9014

E-mail: pamela.tucker-1@ksc.nasa.gov or

gary.palmer-3@ksc.nasa.gov

KSC-12248

3 Software Accelerates and
Standardizes Procurement
by NASA

Virtual Procurement Office (VPO) is

a Web-based application program de-

signed for use by procurement profes-

sionals throughout NASA. Prior to the
development of VPO, each of the 700+

NASA procurement professionals had to

spend much time searching numerous

locations on-line and off-line for the var-
ious software tools and other resources
necessary to complete each procure-
ment task. VPO accelerates and stan-
dardizes the work of these professionals
by giving them accurate and efficient
means for gaining access to all relevant
on-line resources that support the pro-
curement process. The resources in-

www.nasatech.com

clude (1) rules (e.g., Federal Acquisition
Regulations); (2) samples (e.g., prior
procurement documents that might be
useful as guides); and (3) “build tools”
— application software, forms, and doc-
ument templates that should be used to
complete procurement tasks. In order to
provide a familiar interface, VPO was
structured following the matrix format
of NASA Form 1098, Checklist for Con-
tract Award File Content. Each row on
the matrix represents a possible step in
the contracting process, e.g., market re-
search or acquisition plan. For each row
on the matrix, VPO provides a column
with the capability to include “rules,”
“samples,” “build tool,” and “status.”

This program was written by Jim Bradford,
Dwight Clark, Steve Rowell, David Hieber,
John Sudderth, and Laura Allen of Marshall
Space Flight Center; Gene Moses, Joanne
Comstock, Deborah Glass, and Larry Reeve
of Ames Research Center; Robert Greco of Dry-
den Flight Research Center; Wanda Behnke
and Mary Ann Bishop of Goddard Space
Flight Center; George Huff, Leigh Allen, and
Kelly Mepham of Johnson Space Center;
Sandy Gates and Donna Rafferty of Kennedy
Space Center; Sandra Ray, Linda Urquhart,
and Mary Deuell of Langley Research Center;
Bruce Shuman of Glenn Research Center;
Gay Irby and Jane Johnson of Stennis Space
Center; and Michael Lalla of WSTE For
Sfurther information, access the Technical
Support Package (TSP) free on-line at
wwuw.nasatech.com/tsp under the Software
category.

For further information, contact Caroline
Wang, MSFC Software Release Authority, at
(256) 544-3887 or caroline.k.wang@
msfc.nasa.gov. Refer to MFS-31699.

€3 Software for Scientific
Exploration by Multiple
Rovers
Multi-Rover Integrated Science
Understanding System (MISUS) is a
computer program designed to coordi-
nate the activities of multiple small,
instrumented robotic vehicles (rovers)
engaged in autonomous scientific explo-
ration of the surface of Mars. MISUS in-
cludes a component that utilizes ma-
chine-learning clustering methods to
analyze scientific data (principally,
image and spectral features of rocks)
and, on the basis of analyses, to select
new scientific activities. MISUS also in-
cludes a distributed-planning-and-sched-

NASA Tech Briefs, September 2002
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Software

uling component that determines the
rover activities needed to achieve scien-
tific goals, partly on the basis of initial
rover conditions and an input set of
goals. Plans are updated on the basis of
the results of the scientific analyses and
current information on the execution of
commands and utilization of resources.
Planning is distributed among the indi-
vidual rovers, each rover being responsi-
ble for planning its own activities. A cen-
tral planning system is responsible for
dividing up the goals among the individ-
ual rovers in a fashion that minimizes

the total tume of traversal of all rovers.
The software as described thus far is also
integrated with a simulation program
that simulates multiple-rover scientific
operations on Mars-like terrain.

This program was written by Tara Estlin,
Alexander Gray, Darren Mulz, Ashley
Davies, Eric Mjolsness, Gregg Rabideau,

John Lou, Rebecca Castario, Steve Chien,

and Tobias Mann of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at www.nasatech.com/tsp
under the Software category.

DL, the tool
that gets you
from data

to answers
faster.

"This was the tool | had
been dreaming of.

From data to solutions, ||
get there faster with IDL: ||

e Discover the information hidden
in your data using powerful
visualization tools in IDL. ‘

* Leverage the proven algorithms in IDL's
extensive mathematics, statistics and
image processing libraries.

Contact us today \
Visit www.RSInc.com/NTB 1

or call 303-786-9900 Research Systems Inc.

I just took off
with IDL...
Dr. Amir-Homayoon Najmi |

The Johns Hopkins University,
Applied Physics Laboratory

* Solve large numerical problems
faster using IDL's built-in multi-

threaded algorithms and

processing routines.

® Read and write virtually any
data format, type and size
easily with IDL.

Request your free trial
of IDL software today. |
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This software is available for commercial
licensing. Please contact Don Hart of the Cal-
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-30201.

¢3 Software for Capturing
Software-Design Rationale

Better Elicitation and Communica-
tion of Arguments Underlying Soft-
ware Engineering (BECAUSE) is a
computer program that records and
codifies the rationale that underlies de-
cisions made in the course of develop-
ing software. To minimize the addi-
tional sensory, cognitive, and motor
demands upon the computer program-
mer and the time needed for the
rationale-capture task, BECAUSE elic-
its spoken commentary, from the
programmer, in regard to the specific
software design or source code on
which the programmer is currently
working. Therefore, a microphone and
speech-digitizing circuitry are used and
BECAUSE incorporates speech-recog-
nition software that processes digitized
speech signals. BECAUSE also incorpo-
rates subprograms that perform the
following functions:

e Elicitation asking questions of the
programmer to stimulate commentary;
® Correlation — mapping the captured
commentary to the design or code seg-
ments being edited during the com-
mentary;
Abstraction — mapping the commen-
tary to explicitly or implicitly refer-
enced higherlevel entities, including
issues, software objects, and design
changes;
Navigation — placing the commentary
via hyperlinks within a stored network
of issues, alternatives, and decisions;
and
Presentation — rendering the captured
design record in a form understand-
able to the same or a different pro-
grammer.
This program was written by Sidney C.
Bailin of Knowledge Evolution, Inc., for
Kennedy Space Center.

In accordance with Public Law 96-517,
the contractor has elected to retain title to this
invention. Inquiries concerning rights for its
commercial use should be addressed to

Sidney Bailin

Knowledge Evolution, Inc.

1050 17th St., NW

Suite 520

Washington, DC 20036

Tel. No.: (202) 467-9588 Ext. 10

E-mail: sbailin@kevol.com

Refer to KSC-12339, volume and number
of this NASA Tech Briefs issue, and the
page number.
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Design
through manufacturing
with no stops. The biggest challenge
faced by leading-edge ski binding manufactur-
er Fritschi is translating its sophisticated designs
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@ Fabricating Better PSSA-PVDF-Based MEAs for Fuel Cells

Changes in the fabrication process enhance electrochemical performance.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Some changes have been made in
the fabrication of PSSA/PVDF-based
membrane/electrode assemblies for
direct methanol fuel cells. The effect of
the changes is to improve the electro-
chemical performances of the cells.

Some rather detailed background in-
formation is prerequisite to a meaning-
ful description of the changes. Each
fuel cell contains a membrane/elec-
trode assembly (MEA), which is a com-
posite of a solid-electrolyte membrane
sandwiched between catalyzed elec-
trode layers. PSSA/PVDF is a compos-
ite material that has been recently
found to be useful for making solid
electrolyte membranes, as reported in
“PSSA/PVDF Polymer Electrolyte
Membranes for CH;OH Fuel Cells”
(NPO-20378), NASA Tech Briefs, Vol. 23,
No. 6 (June 1999), page 54. To recapit-
ulate: a PSSA/PVDF membrane con-
sists of cross-linked polystyrene sul-
fonic acid (PSSAY) immobilized within
an electrochemically inert matrix of
poly(vinylidene fluoride).

Heretofore, the fabrication of an
MEA has typically involved the follow-
ing process: An ink for each electrode
is prepared from a combination of (a)
an electrocatalyst (Pt for the cathode,
Pt/Ru for the anode) and (b) a solu-
tion of a perfluoro-sulfonated ion-ex-
change polymer dispersed in lower al-
cohols. Each ink is applied to either (a)
a sheet of poly(tetrafluoroethylene)-
impregnated porous carbon paper or
(b) a surface of a solid-electrolyte
membrane. The membrane is sand-
wiched between the carbon papers,
which are destined to become the elec-
trodes. The sandwich, in a hydrated
condition, is then pressed at a temper-
ature of 145 to 150°C and a pressure of
2 kpsi (14 MPa).

Prior to the development of PSSA/
PVDF membranes, the membranes in
the MEAs of the most advanced direct
methanol fuel cells were made from
perfluoro-sulfonated ion-exchange
polymers. The principal advantage of
PSSA/PVDF membranes over mem-
branes made from those and other
polymer electrolyte materials is that
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the PSSA/PVDF membranes are less
permeable by methanol; this translates
to less methanol crossover and thus
greater fuel-utilization efficiency. Rela-
tive to MEAs made from perfluoro-sul-
fonated ion-exchange membranes,
MEAs made from PSSA/PVDF mem-
branes exhibit comparable proton con-
ductivity and less methanol crossover.
However, until now, the electrical per-
formances of the PSSA/PVDF-based
MEAs have not been adequate for use
in fuel cells. The inadequacy (in partic-
ular, high electrical resistance and
poor utilization of catalyst) has been at-
tributed primarily to poor interfacial
bonding of the electrocatalytic layers
with the proton-conducting moieties of
the membrane. This completes the
background information.

The changes in the fabrication
process are intended to improve the in-
terfacial bonding and the formation of
proton-conducting channels at the
membrane/electrocatalyst interfaces.
One of the changes is the addition of
PVDF powder to the ink. The PVDF im-

proves the interfacial bonding by mak-
ing the ink more chemically and ther-
modynamically similar to, and thus
more miscible with, the membrane. In
addition, PVDF has low intrinsic per-
meability by methanol and thus helps
suppress methanol crossover through
the electrodes.

Another change is roughening the
membrane prior to application of the
catalytic electrode layers. Roughening
enhances bonding by providing addi-
tional sites for anchoring the catalytic
and polymeric electrode materials.

A third change is the addition of
water and N,N-dimethylacetamide to
the ink (which, in this case, is painted
directly onto the membrane). These
additions enhance bonding by increas-
ing the plasticity of the membrane dur-
ing hot pressing. These additions also
enhance bonding by preventing unde-
sired dryout during hot pressing.

In an experiment, the electrical per-
formance of a fuel cell containing an
MEA made by a process that incorpo-
rates these changes was measured, along
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Two Methanol Fuel Cells were tested with a 1.0 M solution of methanol and oxygen at 20 psig (gauge
pressure of 0.14 MPa), but at different temperatures. Even at its lower test temperature, the cell con-
taining the MEA made by the newer process performed better.
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Materials

with that of a fuel cell containing an
MEA made by an older process. The cell
containing MEA made by the newer
process was operated at a lower tempera-
ture, yet it exhibited better performance
(see figure). Inasmuch as the perfor-
mance of a given cell increases with tem-
perature, the performance of the MEA
made by the newer process could be ex-
pected to exceed that of the other MEA
by an even greater margin if both were
tested at the same temperature.

This work was done by Sekharipuram
Narayanan and Marshall Smart of Caltech
and Tony Atti, Surya Prakash, and George
Olah of the University of Southern Califor-
nia for NASA’s Jet Propulsion Labora-
tory. For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com/tsp under the
Materials category.

In accordance with Public Law 96-517,
the contractor has elected to retain title to
this invention. Inquiries concerning rights

for its commercial use should be addressed to

Intellectual Property group

JPL

Mail Stop 202-233

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-20644, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

@ Making Hydrophobic Cathodes for MEAs in Fuel Cells

Poly(tetrafluoroethylene) powder is added to catalytic inks used to make electrodes.
NASA's Jet Propulsion Laboratory, Pasadena, California

The fabrication of membrane/elec-
trode assemblies (MEAs) for direct
methanol fuel cells can be modified to
make the cathodes hydrophobic. These
modifications improve the performances
of the fuel cells, as explained below.

As in the preceding article, it is neces-
sary to present some background infor-
mation in order to give meaning to a de-
scription of the modifications. During
operation of a direct methanol fuel cell,
water is produced at the cathode. If not
removed, the water blocks access of air
to catalyst sites on the cathode, and the
cell output voltage is consequently de-
creased. At a high rate (a large multiple
of the stoichiometric rate) of flow of air
or oxygen past the cathode, the block-
age is less severe because the excess flow
evaporates the water. However, the
equipment needed to pump the air and
condense the evaporated water adds to
the size and weight of the fuel-cell sys-
tem and consumes a significant amount
of power, thereby decreasing the effi-
ciency of the fuel-cell system.

The size and weight of the system
could be reduced and/or the efficiency
of the system could be increased if it were
not necessary to rely on evaporation to re-
move the water from the cathode and
thus the system could be operated at a
lower airflow rate. To reduce or eliminate
reliance on evaporation, it would be de-
sirable to exclude the water (or at least
some of the water) from the cathode in
the first place by rendering the cathode
at least partly hydrophobic. The essence
of the present modifications of the fabri-
cation process is to implement this con-
cept by adding a hydrophobic con-
stituent to the cathode material.

The hydrophobic constituent in ques-
tion is a poly(tetrafluoroethylene) pow-
der with a particle size ranging from 1 to
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Two Methanol Fuel Cells were tested at a temperature of 50°C with a 1.0 M solution of methanol and
flowing air. The electrode area is 25 cm’, and the membrane used was Nafion 117 or equivalent.

4 pm. The powder is added to the cat-
alytic inks used to make the electrodes.
Each ink is applied to both (a) a sheet of
poly(tetrafluoroethylene)-impregnated
porous carbon paper and (b) a surface
of a perfluoro-sulfonated ion-exchange
membrane that has been roughened by
use of abrasive paper to increase adhe-
sion. Then as in the process described in
the preceding article, the membrane is
sandwiched between the carbon papers
and the sandwich is consolidated by ap-
plying heat and pressure.

In an experiment, the electrical per-
formance of a fuel cell containing an
MEA made by the modified process was
tested, along with that of a fuel cell con-
taining an MEA made by an older
process. The cell containing the MEA
made by the modified process per-
formed nearly equivalently to other cell
at a third of the flow rate, and per-

www.nasatech.com

formed better at the same flow rate (see
figure).

This work was done by Sekharipuram
Narayanan and Thomas Valdez of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com/tsp under the Materials
category.

In accordance with Public Law 96-517,
the contractor has elected to retain title to this
invention. Inquiries concerning rights for its
commercial use should be addressed to

Intellectual Property group

JPL

Mail Stop 202-233

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-20646, volume and number
of this NASA Tech Briefs issue, and the
page number.
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@ Improved Polymer/Solid-Electrolyte Membranes for Fuel Cells

Because water would be unnecessary for proton conductivity, operating temperatures

could be increased.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A class of developmental membrane
electrolyte materials for methanol/air and
hydrogen/air fuel cells is exemplified by a
composite of (1) a melt-processable poly-
mer [in particular, poly(vinylidene fluo-
ride) (PVDF)] and (2) a solid proton con-
ductor (in particular, cesium hydrogen
sulfate). In comparison with previously
tested membrane electrolyte materials, in-
cluding those described in the two preced-
ing articles, these developmental materials
offer potential advantages of improved
performance, lower cost, and greater
amenability to manufacturing of fuel cells.

A principal limitation on the utility of
the previously tested membrane elec-
trolyte materials is that they must be hy-
drated to be able to conduct protons. This
requirement translates to a maximum al-
lowable operating temperature of about
90°C, and the presence of water in the
polymer matrices undesirably gives rise to
high permeability by methanol. It would
be desirable to reduce permeability by
methanol to increase cell performance
and fuel-utilization efficiency, and it
would be desirable to operate fuel cells at
temperatures as high as 140°C to increase
their tolerance to carbon monoxide from
reformate streams. Therefore, what are
needed are membrane materials that con-
duct protons in the absence of water.

In a composite material of the type un-
dergoing development, the polymer
serves as a matrix to support the solid pro-
ton conductor. In cesium hydrogen sul-
fate, proton conduction occurs by a
mechanism that does not depend on
water. At room temperature, the protons
are in a bound state and so there is little
or no proton conduction. However, as the
temperature rises past 130°C and toward
a value between 135 and 145°C, the ce-
sium hydrogen sulfate undergoes a phase
transition to a state in which the hydrogen
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The Electrical Conductivities of polymer/solid electrolyte composites made of various proportions of the
same polymer and solid electrolyte were measured by an ac-impedance method at a temperature of 130°C.

ions have a significant amount of mobil-
ity; that is, the material becomes a proton
conductor. The conductivity can be as
high as 0.1 Q"'cm™ — of the order of the
conductivities of the previously tested
membrane electrolyte materials.

Some experimental polymer/solid
electrolyte membranes have been fabri-
cated by mixing PVDF and cesium hydro-
gen sulfate powders and pressing the mix-
tures in a die at temperatures between
160 and 190°C. Other experimental
membranes were prepared by forming
slurries of the powder mixtures in organic
solvents, casting the slurries on a plate, al-
lowing the slurries to dry, and then hot
pressing the slurries. The figure shows the
logarithms of electrical conductivities of
these membranes as a function of compo-
sition. At the time of reporting the infor-
mation for this article, it was anticipated
that these membranes would be used to

fabricate membrane/electrolyte assem-
blies for testing in fuel cells.

This work was done by Sekharipuram
Narayanan, Sossina Haile, Dane Boysen, and
Calum Chisholm of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package
(TSP) free online at wuw.nasatech.com/tsp
under the Materials category.

In accordance with Public Law 96-517, the
contractor has elected to retain title to this in-
vention. Inquiries concerning rights for its com-
mercial use should be addressed to

Intellectual Property group

JPL

Mail Stop 202-233

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-20645, volume and number
of this NASA Tech Briefs issue, and the page
number.

@ Nontoxic X-Ray-Absorbing Windows

Tantalum oxide/polymer composites are molded into light-transparent plates.

Lyndon B. Johnson Space Center, Houston, Texas

Windows that absorb x rays and are
transparent to visible light can be made by
compression molding of tantalum oxide/
polymer composite materials. The main x-
ray-absorbing medium in these windows is
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tantalum instead of lead, which is the tra-
ditional main x-ray-absorbing medium.
These composite windows have been de-
veloped to replace leadfilled glass and
lead-filled polymer x-ray-absorbing win-

www.nasatech.com

dows, which are unsuitable for use in
some environments because of the toxic-
ity of lead.

The composite materials are transpar-
ent to visible light because the tantalum
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oxide is contained in oligomeric clusters
much smaller than the smallest wave-
length of visible light. The first step in the
synthesis of the clusters (see figure) is the
formation of insoluble clusters of the gen-
eral composition Ta,0,[OSi(CH;)s]. by hy-
drolyzing Ta(OC,H;); with formic acid in
the presence of CISi(CHs)s. The clusters
are then rendered soluble in alcohols by
reacting them with a suitable alcohol such
that the trimethyl siloxy group is replaced
with an alkoxy moiety from the alcohol.
The resulting soluble oligomeric tanta-
lum oxide clusters can be mixed in any

proportion with methoxyethanol solu-
tions of phenoxy (hydroxy aryl-alkyl
ether) polymer to form a clear solution
that can be cast into clear films. The films
can be rendered brittle by cooling them
in liquid nitrogen, then fractured while
still brittle to produce a molding powder.
Provided that the weight percentage of
the tantalum oxide component of the
powder is <60, the powder can be com-
pression molded at a temperature of
150°C to obtain a transparent plate. Al-
ternatively, a film of the tantalum oxide/
phenoxy composite can be cast on one of

RGN HE CLIOHR

for anyone

who designs

for assembly.

Less is more.

Less parts, less assembly steps, less
assembly time — all yield more productivity
and more cost reductions. To achieve this,
designing for assembly (DFA) is critical.

PEM® products are made for DFA. Just
punch or drill a hole and press a PEM
fastener into place. PEM self-clinching
fasteners install permanently into thin
sheets. There are fewer parts and fewer
total pieces to handle during assembly
which translates into cost savings. We
also offer threadless and multi-function
fasteners to further meet your DFA needs.

©2001 210

800-237-4736 * www.pemnet.com

These include SNAP-TOP®
(shown in photo above)
standoffs which eliminate
the need for screws,
locating pins for quick
alignment of mating .
parts, P.C. board fasteners
and many others.

For automated installation, our line of
PEMSERTER® presses quickly install PEM
fasteners, further reducing assembly time.

Clinch it with PEM

FASTENERS & PRESSES

PEM Fastening Systems
a PennEngineering® company

54 For Free Info Enter No. 543 at www.nasatech.com/rs

2Ta(OC,Hg)s + SHC — OH
l(CHa);,SiCI

i
TegOs + 5CzH5OH + 5C;HsCH
Gel

czusgn
CoHsOH
:“‘\Q@,w

O - Si(CHg),
OH

Evacuate for
12 hours

(CHg)sSi- 0 O - Si(CHy)s

OH OH
O-Si(CHy)y

Insoluble Powder

| oy

Dissolve in
CH;0CH,CH,0OH

Clear Solution

Evaporate Solvent,
Then Fracture

Soluble Powder To Be
Incorporated Into Composite

Oligomeric Clusters That Contain Ta,Os are syn-
thesized and made into an alcohol-soluble pow-
der in this sequence of reactions.

two sheets of polycarbonate of bisphenol
A, then sandwiched between the two
polycarbonate sheets under heat and
pressure to obtain a laminated window
with desirable mechanical and optical
properties.

This work was done by Stephen T. Welling-
hoff of Southwest Research Institute for John-
son Space Center. For further information,
access the Technical Support Package (TSP)
free online at wuw.nasatech.com/tsp under
the Materials category.

In accordance with Public Law 96-517, the
contractor has elected to retain title to this in-
vention. Inquiries concerning rights for its com-
mercial use should be addressed to

Stephen T. Wellinghoff

Southwest Research Institute

6220 Culebra Road

San Antonio, TX 78228

Refer to MSC-22401, volume and number
of this NASA Tech Briefs issue, and the page
number.
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& Computational Test Cases for Oscillating Clipped Delta Wing

These data can be used to test computational simulations of aerodynamic behavior.

Langley Research Center, Hampton, Virginia

Computational test cases have been
selected from archived sets of data ac-
quired some years ago in wind-tunnel
experiments on a clipped delta wing
equipped with a hydraulically actuated
trailing-edge control surface. In some of
the experiments, the wing was subjected
to pitching oscillations and control-sur-
face oscillations. (The wing was stiff and
thus did not undergo appreciable elastic
oscillations; instead, it was mounted in
such a way as to enable it to oscillate as a
rigid torsionally sprung body.) The data
obtained in the experiments included
the static pressures and the real and
imaginary parts of the first harmonics of
dynamic pressures at a number of points
on the upper and lower wing surfaces.

The significance of the experiments
and the computational test cases lies in
the design of the wing and in the need
for experimental data to verify computa-
tional fluid dynamics (CFD) programs
for use in analyzing and designing simi-
lar wings. The planform of the wing was
derived by simplifying the planform of a

proposed design for a supersonic trans-
port airplane. A strake was deleted, the
resulting planform was approximated by
a trapezoid with an unswept trailing
edge, and the twist and camber were re-
moved. To facilitate pressure instrumen-
tation, the thickness of the wing was in-
creased to 6 percent of chord, as
compared with 2.5 to 3 percent for the
supersonic transport. The airfoil as thus
designed had a symmetrical circular-arc
section.

One of the consequences of increas-
ing the relative thickness of a clipped
delta wing is that transonic effects are
enhanced for mach numbers near one;
these effects are significantly stronger
than would be the case for the thinner
supersonic-transport wing. Also, the
combination of the high (50.5°) leading-
edge sweep and the sharpness of the
leading edge results in the formation of
a leading-edge vortex on the wing at rel-
atively low (of the order of 3°) angles of
attack. In addition, a shock develops
over the aft portion of the wing at tran-

sonic speeds such that at some angles of
attack, there is both a leading-edge vor-
tex and a shock wave on the wing. Such
cases pose a computational challenge.

The particular selection of test cases
was made to illustrate trends for a vari-
ety of static, pitching-oscillation, and
control-surface-oscillation conditions,
with emphasis on effects associated
with transonic flows. The dynamic
cases were chosen for evaluation of un-
steady effects under the corresponding
nominally static conditions. The selec-
tion provides for parametric variation
of the static angle of attack, frequency
of pitching oscillation, frequency of
control-surface oscillation, and mach
numbers from subsonic to low super-
sonic values.

This work was done by Robert M. Bennett
and Charlotte E. Walker of Langley Re-
search Center. For further information, ac-
cess the Technical Support Package (TSP)
free on-line at www.nasatech.com/tsp under
the Mechanics category.

L-17822

& Control Derivatives of the F-18 Airplane

These derivatives will be used in designing an active-aeroelastic-wing control system.
Dryden Flight Research Center, Edwards, California

Flight data gathered by use of the
F-18 System Research Aircraft (SRA)
based at Dryden Flight Research
Center have been used to estimate sta-
bility and control derivatives for a base-
line F-18 airplane. The data were ob-
tained in the high-dynamic-pressure
range of the F-18 flight envelope in an
experiment performed in support of a
future F-18 program to be devoted to
the concept of the active aeroelastic
wing (AAW). The AAW technology is
intended to integrate aerodynamics,
active controls, and aeroelasticity in
such a way as to maximize the perfor-
mance of the airplane. More specifi-
cally, the goal of the AAW project will
be to maximize the contribution of a
reduced-stiffness F-18 wing to roll-rate
performance.
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In order to support the AAW technol-
ogy, changes in flight-control computers
and software will be required, and an un-
derstanding of the effectiveness of each
control surface under various conditions
is essential. The experiment on the SRA
was performed to obtain this understand-
ing. The results of the experiment can be
used to update a mathematical model of
the aerodynamics of the F-18 airplane,
which model can be used to improve the
control laws under development for the
AAW version of the F-18 airplane.

In the experiment, an onboard excita-
tion system (OBES) was used to provide
uncorrelated single-surface input (SSI)
doublet sequences. Longitudinal ma-
neuvers included leading-edge flap
(LEF), trailing-edge flap (TEF), symmet-
ric aileron, and symmetric horizontal-

www.nasatech.com

tail SSIs. Lateral-directional maneuvers
included rudder, differential LEF, differ-
ential TEF, aileron, and differential tail
SSIs. The pilot initiated each sequence
of maneuvers from the cockpit and the
OBES commanded the SSI doublets.
During some maneuvers, the control
surfaces were moved in combinations
not used by the basic F-18 control laws:
these included symmetric LEF, TEF, and
aileron deflections at high speeds.

The data acquired during flight were
analyzed afterward by use of an output-
error parameter-estimation algorithm. A
complete set of experimental stability
and control derivatives was obtained for
tests performed at 20 different combina-
tions of mach number and altitude. A
complete set of nominal control deriva-
tives for these test conditions was also ob-
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These Stability and Control Derivatives of the F-

18 airplane are a few of those obtained from flight-

test and computational-simulation data. The lines represent the computational-simulation values for

the noted altitudes.

tained from computational simulations.
For example, the top part of the figure
shows the effect of symmetric aileron de-
flection on pitching moment. In this
plot, the magnitude of the experimental
pitching-moment effectiveness can be
seen to exceed that obtained by compu-
tational simulation, which is represented
by lines for various altitudes between
5,000 and 25,000 ft (1,524 and 7,620 m),
especially at low mach numbers.
Control-surface rolling-moment
versal”

“re-
was of special interest to the

project. The middle and lower parts of

the figure show TEF and aileron

www.nasatech.com

rolling-moment derivatives. For exam-
ple TEF reversal was revealed by the
flight data acquired at mach 0.95 at al-
titudes below 10,000 ft (3,048 m). The
flight data did not reveal aileron rever-
sal, but did show that aileron effective-
ness was reduced by increasing the
mach number (especially in the sub-
sonic range) and reducing the altitude.
This work was done by Tim Moes and
Gregg Noffz of Dryden Flight Research
Center. For further information, contact
the Dryden Commercial 'l}frhnnlog)' Office
at (661) 276-3689.
DRC-01-32
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% Ultrasonically Induced

Fountains and Fogs

Diverse visual effects could be produced in
computer-controlled displays.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Experiments have demonstrated the feasibility of generating
fountains and fogs over a body of water (see Figure 1) by utiliz-
ing high-intensity ultrasound to induce acoustic streaming, cavi-
tation, and atomization. The transducer used in the experiments
had a 10-cm diameter and a 10-cm focal length, was immersed in
water at a depth approximately equal to its focal length, and was
excited at various amplitudes and at various frequencies from
100 kHz to 2 MHz. It was observed in the experiments that the
fountain and fog effects depend on the amplitude and frequency
of excitation.

FOUNTAINS

FOGS

Figure 1. Fountains and Fogs were induced over a water bath by ultra-
sound generated by a focusing transducer immersed in the bath.

Through suitable control of the excitation waveforms applied
to multiple immersed ultrasonic transducers, it should be possi-
ble to create, destroy, enlarge, diminish, or otherwise change
fountains and fogs to produce diverse visual effects for artistic dis-
play. Optionally, a fountain-and-fog display generated in this
manner could be synchronized with illumination and/or with
music. Scattering of light from water columns, water drops, and
fogs could be exploited to obtain striking visual effects.

An apparatus proposed for implementing this concept is
called an ultrasonically induced plumbing-free switchable
multi-fountains and fog (ULIFOG) system. In addition to ul-
trasonic transducers immersed in a water bath, a ULIFOG sys-
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Figure 2. A ULIFOG System would exploit effects like those of Figure 1 in synchronism with lighting and sound effects.

tem (see Figure 2) would include (1)
electronic circuits to excite the ultra-
sonic transducers with waveforms cho-
sen to produce the desired fountain and
fog effects, (2) one or more source(s) of
light (e.g., lasers or colored lamps), (3)
a source of music, and (4) a computer
that would control the aforementioned
subsystems and would coordinate the vis-

ible and audible aspects of the display.
The mechanical simplicity occasioned
by elimination of the need for pipes,
valves, and pumps is an advantage over
prior fountain display systems. Another
advantage over such systems is much
faster response: For example, in an ULI-
FOG system, one could change a foun-
tain into a fog in a millisecond by switch-

ing the frequency of excitation of the
applicable transducer.

This work was done by Yoseph Bar-Cohen
and Stacey Walker of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package
(TSP) free online at wurw.nasatech.com/tsp
under the Mechanics category.

NPO-21064
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¥ Fail-Safe, Continue-to-Operate Concept for Jackscrews
Redundant nut increases reliability and facilitates inspections.

John E. Kennedy Space Center, Florida

A fail-safe, continue-to-operate de-
sign concept for machine jackscrews
calls for the incorporation of a redun-
dant follower nut that would assume
the axial jack load upon failure of the
primary nut. Heretofore, the way to de-
sign for increased reliability of
jackscrews has been to provide for mul-
tiple jackscrews operating in unison.
The present fail-safe, continue-to-oper-
ate design concept offers an alternative
for preventing catastrophic failures in
jackscrews, which are used widely in

aeronautical, aerospace, and industrial
applications.

A conventional jackscrew contains
only one nut made of a material softer
than that of the threaded shaft. With
prolonged use, the thread in the nut
wears away. If not inspected and re-
placed when wear becomes excessive,
the nut eventually fails by shearing of
the thread under load. A typical
jackscrew according to the present fail-
safe, continue-to-operate concept
would include a redundant follower

nut in addition to the primary nut. The
follower nut is mechanically attached
to the primary nut and free to move ax-
ially relative to the primary nut. The
follower nut would bear no axial load
and would have negligible wear as long
as the primary nut continued to func-
tion normally.

In the absence of thread wear and
play, the follower nut would be axially
separated from the primary nut by a dis-
tance comparable to the thread pitch. In-
creasing wear would cause a change in

CONVENTIONAL JACKSCREW

(Normally Load-Bearing)

JACKSCREW WITH FOLLOWER NUTS

Primary Nuta

Follower Nuts

Follower Nuts would add protective redundancy. Upon shearing of the thread in the primary nut, the primary nut would push against one of the follower

nuts, causing that nut to bear the load.

62
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Machinery/Automation

this distance that would be taken as an
indication of the amount of wear prior to
failure of the primary nut. The redun-
dant follower nut assumes the axial load
in the event of primary nut wear and sub-
sequent thread shear failure. Hence, the
jackscrew would continue to operate
with the follower nut bearing the load
until a repair could be made.

Unlike the case of a conventional
jackscrew, it would not be necessary to re-
lieve the load to measure axial play or
disassemble the nut from the threaded
shaft to inspect for wear. Instead, wear

could be determined by measuring the
axial gap between the primary and fol-
lower nut. This could be accomplished
by visual inspection, or possibly with the
help of a simple measuring tool. Another
option could incorporate electronic or
mechanical wear indicators to monitor
the gap during operation and assist dur-
ing inspection. These devices would be
designed to generate a warning when the
thread was worn to a predetermined
thickness. Note: A half-thickness value is
the wear tolerance recommended by
major manufacturers of jackscrews.

The fail-safe, continue-to-operate con-
cept applies to all types of machine
jackscrew designs. It can be applied
equally well to ball screw jacks.

This work was done by John G. Fraley,
Ivan Velez, and Charles G. Stevenson
of Kennedy Space Center and Richard
T. Ring, Jr., and Ralph Webber of
United Space Alliance. For further infor-
mation, access the Technical Support Pack-
age (TSP) free on-line at www.nasatech.
com/tsp under the Machinery/Automation
category.

KSC-12187/291/92

% Pulse-Tube Refrigerator for Liquid Hydrogen

An unusually high operating frequency enables reductions of size and weight.

Marshall Space Flight Center, Alabama

An improved closed-loop, two-stage
pulse-tube refrigerator provides 4 W

of cooling power at a temperature of

15 K. The original intended applica-
tion of this refrigerator is in preventing
boiloff of liquid hydrogen from a
propellant tank aboard a spacecraft.
The basic refrigerator design can also
be adapted to terrestrial applications

like cooling superconducting electronic
devices.

The design operating frequency of this
pulse-tube refrigerator is 30 Hz — an
order of magnitude greater than the op-
erating frequencies of other pulse-tube
refrigerators. The higher frequency

makes it possible to design a compressor
that is much smaller and lighter, relative

to the compressors of lowerfrequency
pulse-tube refrigerators of similar capacity.

This work was done by W. G. Dean of Dean
Applied Technology Co., Inc., for Marshall
Space Flight Center. For further informa-
tion, access the Technical Support Package
(TSP) free on-line at wunw.nasatech.com/tsp
under the Machinery/Automation category.
MFS-31617
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¥ Ultrasonic/Sonic Vibrating/Rotating

Tool Bits

Teeth are made asymmetric to induce rotation without need

for rotary actuators.

NASA’s Jet Propulsion Laboratory, Pasadena, California

An easy-to-implement design concept
shows promise for improving the perfor-
mances of impact tool bits used in abrad-
ing surfaces, drilling, and coring of rock
and rocklike materials. The concept is
especially applicable to tools actuated
with a combination of ultrasonic and
sonic vibrations, as in the cases de-
scribed in “Ultrasonic/Sonic Drill/Cor-
ers With Integrated Sensors (NPO-
20856), NASA Tech Briefs, Vol. 25, No. 1
(January 2001), page 38. Such tools were
originally intended to be used in scien-
tific drilling and coring of rock; they
might also be useful for drilling, coring,
and surface grinding of rock for art and
construction.

When teeth of a tool of this type are
symmetric, the tool tends not to rotate.
In the absence of rotation, the hammer-
ing action of the tool against the rock
face causes the tool to dig a footprint
that includes holes that mate with the
teeth. A footprint is generally undesired
for two reasons: (1) usually, one seeks
uniformity of the abraded or drilled sur-
face; and (2) once the tool settles into
the footprint, the impact forces become

spread over the tooth and footprint sur-
faces, with consequent reductions in
tooth impact stresses and, hence, reduc-
tion in the rate of removal of rock.

The present design concept is simply
to make the teeth asymmetric, so that
the hammering action of the tool
against the rock face gives rise to a net
torque that causes the tool to rotate,
even in the absence of a rotary actuator
(see figure). The rotation prevents the
formation of a footprint, thereby help-
ing to ensure that contact between the
tool and the rock takes place predomi-
nantly at the tooth tips, with consequent
concentration of impact forces at tooth
tips and, hence, higher impact stresses
resulting in a greater rate of removal of
rock.

This work was done by Benjamin Dolgin,
Stewart Sherrit, Yoseph Bar-Cohen, Stephen
Askins, Deborah Sigel, Xiaogi Bao, and Zen-
sheuw Chang of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at www.nasatech.com/tsp
under the Machinery/Automation category.
NPO-30370

Asymmetric Teeth

ABRASION BIT

Time-Averaged Rotation

Time-Averaged Force on Tooth

ENLARGED CROSS SECTION SHOWING ONE TOOTH IN OPERATION

The Asymmetry of the Teeth of an Abrasion Bit typically gives rise to a torque that, averaged over
time, causes the bit to rotate as indicated. On hard rock, the direction of rotation could change to the

opposite of that shown here.
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A report presents additional infor-
mation about the Impairscope — an
instrument for noninvasive measure-
ment of fine neuromuscular control
and, more particularly, for quantifying
the degradation of neuromuscular
performance under psychological
stress. The instrument, previously
called the “Neuroskill device,” was de-
scribed in “Biometric Instrument Mea-
suring Neuromuscular Disorder/Per-
formance Degradation (MFS-26449),
NASA Tech Briefs, Vol. 21, No. 11 (No-
vember 1997), page 40. To recapitu-
late: The instrument includes an in-
strumented pen that measures motions

along the two axes perpendicular to its
long axis and the axial force with which
the pen is pressed against a writing sur-
face. The measurements are digitized
200 times per second and processed by
software that implements an advanced
method of correlation-function analy-
sis to generate measures of the stability,
smoothness, and synchronization of
handwriting movements. The instant
report reiterates information from the
cited previous article, discusses the
shortcomings of prior techniques for
assessing effects of stress on motor con-
trol, briefly describes an underlying
theory of the granular stationarity of

@ Noninvasive Assessment of Human Fine Motor Control
Lyndon B. Johnson Space Center, Houston, Texas

the statistical properties of handwriting
dynamics, and summarizes results of an
experiment in which Impairscope mea-
surements showed a degradation of
handwriting performance in a group of
students under the stress of final exam-
inations.

This work was done by Ruth Shrairman
and Alexander Landau of VeriFax Corp. for
Johnson Space Center. 7o obtain a copy of
the report, “Non-Invasive Method For Assess-
ment of Human Fine Motor Control,” access
the Technical Support Package (TSP) free on-
line at www.nasatech.com/tsp under the Bio-
Medical category.

MSC-23030

& Enhanced Bioproduction and Extraction of Taxanes
Potential anticancer drugs can be produced without destroying endangered trees.

Lyndon B. Johnson Space Center, Houston, Texas

Several groups of methods of en-
hanced bioproduction and extraction
of taxanes have been invented. Taxanes
(see figure) have exhibited potential as
drugs for treatment of cancer and con-
genital polycystic kidney disease. One
taxane — paclitaxel (more widely
known under the trade name Taxol™)
— has been approved by the Food and
Drug Administration for treatment of
several types of cancer. Currently, pacli-
taxel and other taxanes are produced
by extraction and by semisynthesis
from precursor taxanes isolated from
Taxus sp. The present inventive meth-
ods are intended to enable the produc-
tion of taxanes and related products in
quantities sufficient for testing them as
potential anticancer drugs, without
destroying Taxus trees. In addition, the
methods afford versatile capabilities
for tailoring the chemical structures of
taxanes and related products to maxi-
mize their beneficial effects.

One group of methods exploits the
discovery that haploid and haploid-
derived cultures of cells of any plant of
the genus Taxus can produce taxanes.
More specifically, female gametoy-
phytic tissues taken from immature
seeds can be cultured to produce sig-
nificant amounts of taxanes. The

66

method of acquiring the tissues for cul-
turing includes sterilization of seed sur-
faces and careful dissection to keep
diploid cells (in which taxane produc-

A Taxane Molecule features a tricyclic ring nu-
cleus. Enhanced methods of bioproduction, such
as the ones described here, are needed because
some taxanes are not produced naturally in the
quantities needed for anticancer research and
totally synthetic production currently involves
too many steps to be commercially feasible.

tion may in some cases be inhibited by
dominant and quantitative gene inter-
active effects) out of the cultures. The
cultures are grown under aseptic con-
ditions that are monitored and con-
trolled. One essential component of
control is the use of culture media that
do not contain nitrates. The growth
process can include aging until the cul-
ture reaches a condition regarded as
optimum (e.g., a condition that favors
steady-state production of taxanes).

www.nasatech.com

Once a desired cell culture has been es-
tablished, it can easily be scaled up for
growth in a bioreactor to produce tax-
anes in larger quantities.

Taxanes can be recovered from cell
cultures by one or more of methods or
combinations of methods, some of
which were previously established,
others of which are parts of the pre-
sent invention. Established methods
include the use of absorbent beads,
the use of adsorbent particulate mate-
rial released by cultured cells, and the
use of solvents to extract taxanes from
the aforementioned beads and parti-
cles. Methods that are parts of the pre-
sent invention include enzymatic
treatments, hydrolysis under suitably
controlled acid or alkaline conditions,
and controlled use of radiation or
heat. In the cases of taxanes that are
chemically bound in cells or cell frag-
ments, such extraction may give rise to
chemical alterations that could be ex-
ploited to enhance the beneficial
properties of the final taxane prod-
ucts. In addition, alkaloids related to
taxanes can be produced by the afore-
mentioned methods.

Another group of methods, which
amounts to a generalization of the
aforementioned group of methods, is

NASA Tech Briefs, September 2002
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Ultrasonic Nozzle System Improves All Types of Liquid Flow

Kimberly Clark’s patented technology uses ultrasonic energy to improve efficiency and
throughput for both equipment suppliers and end users who spray or extrude fluids of all
types through nozzles. This unique ultrasonic nozzle system is self-cleaning and delivers
improved spray properties, a more regulated spray, and a number of other benefits. This
technology can be used in any industry involved with spraying fluids, from automotive to
plastic processing to hot melt application to chemical processing -- in almost every case the
spray efficiency and effectiveness can be improved. http://www.yet2.com/nasatech/209

Low Cost, Low Density Ceramic Fibers Perfect Replacement
for Costly Superalloys and Ceramics

Bayer AG has developed low cost, low density ceramic fibers exhibiting superior high
temperature mechanical properties compared to superalloys and existing ceramic fibers.
These fibers are used to manufacture ceramic matrix composites which have major applica-
tions in aerospace and power generation, where it is anticipated that significant operational
cost reductions can be achieved through weight saving and higher thermal efficiencies.
SIBORAMIC is corrosion resistant and lightweight — providing weight reductions of approxi-
mately 40% compared to other ceramic fibers and as much as 70% compared to typical
superalloys. http://www.yet2.com/nasatech/210

Piezo-Beam Sensor Ideal Low Cost, Hi Rel Solution
For Critical Position Indicator Systems

Honeywell is offering cutting edge technology for position sensing systems. Currently used
on aircraft to sense valve positions, this unique device utilizes a sensor beam in an instrument Piezo Beam Valve Sensor
which is low cost, lightweight, modular, and able to operate reliably in extreme engine
environments. The "piezo-beam" has no electrical contacts--a substantial improvement

over conventional position sensors. The device is lightweight and inexpensive, with few  getted Wire ot
parts and an interchangeable, modular design for easy replacement during maintenance. Aven
A standardized design enables it to be used in a wide variety of applications, enabling
high volume manufacturing with reduced production costs and higher margins. Its
potential applications are extensive, including aircraft environmental control system

Carrier Piezo Beam

valves, commercial HVAC systems, CNG processing and safety controls, gas and
fluid transfer systems, and many more. http:/www.yet2.com/nasatech/211
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longer periods of time. This organic surface treatment utilizes commercially available R

chemicals applied in a relatively straightforward process. Subatrate: Glase, metal,

Sans, wood, pitymet she.
The flexibility and versatility of this technology make it suitable for a broad range of

applications, including anti-corrosion coatings, electronics packaging, architectural
coatings, anti-icing treatments, fabric coatings, heat exchange surfaces, low-friction

coating for machine parts and as a protective layer for recording media, to name a few. ::o.‘oyld:::“u:
A variation of the technology enables the degree of water repellency to be controlled by L Gt s
exposure 1o light. hitp://www.yet2.com/nasatech/212 o>r00°

These are just four of our complete showcase of technologies. For more information
on these and other new licensable inventions, visit www.yet2.com

For Free Info Visit www.nasatech.com/585 or Enter No. 585 at www.nasatech.com/rs
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Bio-Medical

based on the observation that taxanes
can be obtained from parts of a tree
other than bark and seeds and from
conifers other than those of the genus
Taxus. These methods include (1) anti-
body-based screening methods to iden-
tify conifer tissues that contain taxanes
and (2) taxane-recovery methods in-
clude extraction by use of solvents, en-
zymatic treatments, and hydrolysis.

A third group of methods, embody-
ing a further generalization, is based
on the concept of obtaining taxanes
from any plant capable of producing
them. This group includes antibody-
based screening methods to identify
taxane-producing plants, methods to
isolate taxane-producing cells from cul-
tures, methods of stimulating taxane
production through control of physical
and chemical conditions in cultures,
and methods of extraction. Among the
methods of isolating taxane-producing

cells from a culture, the one that is pre-
ferred involves the use of paramagnetic
beads to which are bound molecules of
an antibody that recognizes another
antibody that, in turn, binds taxanes
that are present in or on cell walls. The
cells thus isolated can then be cultured
under controlled conditions for en-
hanced production of taxanes.

This work was done by Don J. Durzan
and Frank F. Ventimiglia of the University
of California for Johnson Space Center.

In accordance with Public Law 96-517,
the contractor has elected to retain title to
this invention. Inquiries concerning rights
for its commercial use should be addressed to

University of California

1111 Franklin Street, 5th Floor

Oakland, CA 94607-5200

Refer to MSC-23442/151/152, volume
and number of this NASA Tech Briefs
issue, and the page number.

@Steam Sterilization of a Packed Column

Without Admitting Air

Lyndon B. Johnson Space Center, Houston, Texas

A procedure has been devised for
the use of steam to sterilize a water-pu-
rification cartridge, chromatographic
column, or other closed packed col-
umn that is required to be kept filled
with water and from which it is re-
quired to exclude air bubbles, which
could impede flow. For the purpose of
this procedure, the column must be
equipped with valves and quick-discon-
nect fittings at both ends. First, the col-
umn is flushed and filled with distilled
water. The outlet of the column is then
connected to a tube, the other end of
which is open and is placed at the bot-
tom of a bottle partly filled with dis-
tilled water. More distilled
flushed from the inlet, then through
the column, outlet, and tube, into the

water is

bottle. The inlet valve is closed and dis-
connected from the source of water,
the column is placed on a stand in an
autoclave with the outlet valve open,
and the autoclave is activated through
its heating cycle. After cooldown from
the heating cycle, the outlet valve is
closed and disconnected from the col-
umn, which is now sterile and filled
with distilled water.

This work was done by Richard L. Sauer,
Duane L. Pierson, and Jose G. Limardo of
Johnson Space Center and David W.
Koenig and Paul Mudgett of KRUG Life
Sciences. For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com/lsp under the
Bio-Medical category.

MSC-22760

@Water-Microbiology Kit

Samples can be analyzed conveniently in the field.

Lyndon B. Johnson Space Center, Houston, Texas

Materials and equipment for determin-
ing whether samples of potable water
contain harmful microbes have been
packaged in a kit. Designed for use
aboard spacecraft, the kit is also suitable
for terrestrial use in a laboratory or in the

www.nasatech.com

field. The kit holds the sample, nutrient,
and waste liquids in a closed system.

The kit is based on a traditional tech-
nique that involves membrane filtra-
tion to separate microbes from the
water sample, followed by growth of
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the microbes under favorable nutrient and temperature con-
ditions. The resulting colonies of microbes are counted and
recorded as an indication of the microbial content of the
sample.

A water sample is collected in a small plastic bag. The bag
is then connected to one end of an adapter unit that in-
cludes a valve. The other end of the adapter unit is con-
nected to the inlet of a microbial capture device, which is a
small in-line-filter chamber that contains (1) a cellulose ace-
tate filter with an effective pore size of 0.45 pm and (2) an
absorbent pad for subsequent retention of a nutrient solu-
tion in contact with the filter. A syringe pump and a waste
bag are connected to the outlet of the microbial capture de-
vice; the syringe pump is used to draw sample water from the
collection bag through the filter and into a waste bag (see
figure). As sample water flows through the filter, microbes
from the water become trapped in the filter.

Once the specified amount of sample water (typically, 100
mL) has been drawn through the filter, the microbial cap-
ture device is disconnected from the other devices. The nu-
trient solution, which is prepackaged in a syringe, is injected
into the microbial collection device, which is then placed in
an incubator at a temperature of 30°C, or else left at room
temperature, if an incubator is not available. After incuba-
tion for 48 h at 30°C o
filter is examined; the number of bacterial colonies (which

72 to 96 h at room temperature, the

appear as blue dots) is counted and recorded.

This work was done by Duane L. Pierson and Richard L. Sauer
of Johnson Space Center and David W. Koenig, D. Bell-Robin-
son, S. M. Johnson, and Saroj K. Mishra of Krug Life Sciences, Inc.
For further information, access the Technical Support Package
(TSP) free on-line at www.nasatech.com/tsp under the Bio-Medical
category.

MSC-2267
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Any Way You
Measure 3CCD
Performance
The Choice
Is Panasonic.

Only Panasonic offers 3CCD
cameras in three different chip configurations -

-1/2", 1/3" and 1/4" — to provide the best solution for
your specific application. Panasonic 3CCD cameras also
feature compatible CCU's that allow you to easily switch
camera heads. And all three units accommodate long
cable runs of up to 100 feet without the need for signal
amplifiers. You'll also find Panasonic 3CCD cameras fea-
ture an advanced pixel correction circuit
that virtually eliminates image dropouts.
It's Panasonic engineering at its 1/4"

best --- any way you measure it.

888-880-VISIONsss-ss0-8474)
WwWw.panasonic.com/mv

Panasonic

Industrial Cameras
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Optical Fourier-Plane Analysis of Suspended Particles
This technique would be used to diagnose samples of blood cells and other biological materials.
Lyndon B. Johnson Space Center, Houston, Texas

Optical Fourier-plane analysis may
prove useful for obtaining statistical data
on the densities, sizes, shapes, indices of
refraction, and perhaps other properties
of particles (particularly, biological cells)
suspended in liquids. This concept could
potentially be the basis of a new class of
simple, portable, relatively inexpensive in-
struments for diagnosis of samples of
blood and other biological materials.

As currently envisioned, the concept in-
volves placement of the sample of lig-
uid/particle suspension in a specially de-
signed transparent two-piece acrylic
container. One of the pieces is said to be
lenticular because its inner face features a
linear array of grooves like the grooves of
a diffraction grating or the Fresnel analog
of a cylindrical lens (see Figure 1). The
sizes and shapes of the grooves may or
may not change incrementally along the
array, depending on the specific applica-
tion. Typically, the lineal density of chan-
nels is 100 to 200 per inch (about 40 to 80
per centimeter).

The other piece of the container in-
cludes a flat plate that covers the grooves,
leaving the ends of the grooves open. This
other piece can also include a handle for
holding the container and an area for
placing a drop of the liquid/particle sus-
pension to be analyzed. Once placed, the
liquid moves to and fills the grooves by
capillary action.

The filled container is positioned in the
apparatus shown in Figure 2, at the focal
point of the Fourier-transform lens. The
container is illuminated with light from
the laser. The intensity in the resulting
Fourier-transform image is measured as a
function of position along an axis per-
pendicular to the grooves. This measure-
ment is performed by use of a photode-
tector with a slit aperture in the
Fourier-transform plane; the photodetec-
tor is moved along this axis by use of a
translation stage. The relative intensity
measured as a function of position consti-
tutes a Fourier signature that can be ana-
lyzed to determine the relative concentra-
tions of particles (cells) of various sizes.

The feasibility of this concept was
demonstrated in preliminary experiments
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on suspensions of microspheres with diameters of 2, 4.5, and 15
pm. The best results were obtained with a lenticular piece fea-
turing a prismatic groove pattern — the sawtooth pattern shown
in Figure 1. Each suspension was found to produce a unique and
repeatable Fourier-transform signature. Similar results were ob-
tained in preliminary experiments on samples of blood.

This work was done by Steven H. Mersch of Point Source, Inc., for
Johnson Space Center. For further information, access the Technical
Support Package (TSP) free on-line at wuw.nasatech.com/tsp under the
Physical Sciences category.

In accordance with Public Law 96-517, the contractor has elected to re-
tain title to this invention. Inquiries concerning rights for its commercial
use should be addressed to

M. Steven Mersch

Point Sowrce

1864 Dayton Pike

Germantown, OH 45327

Té /r///muf No: (513) 855-6020

Refer to MSC-22575, volume and number of this NASA Tech Briefs

issue, and the page number.

) Preparing High-Quality
Micrographic Samples
of Oil Paintings

Cross-sectional specimens are prepared with
wet grinding followed by dry polishing.

John H. Glenn Research Center, Cleveland, Ohio

A technique similar to that of metallography has been de-
vised for preparing cross-sectional micrographic specimens
from small samples cut from oil paintings. Art experts at the
Cleveland Museum of Art use the technique in their efforts to
determine painters’ methods and to verify the authenticity of
paintings. By implementing the technique with automated pol-
ishing equipment, they can prepare a cross-sectional specimen
in 20 min, and a publication-quality photomicrograph (see fig-
ure) can be made from the specimen. In contrast, the prior
manual preparation technique took about 4 h and yielded
specimens that contained scratches and were not flat enough
for viewing at higher magnifications.

I'he technique is applied to a small (< 0.2 mm) sample that
is removed from the painting with a scalpel. The sample is cast
in polyester resin in a standard metallographic mount. The
mount is then ground and polished in two stages to expose the
desired cross section. The first stage involves traditional grind-
ing with silicon carbide abrasive papers in water lubricant at a
normal force of 200 N; a succession of four ever finer papers is
used, starting with 320 grit and ending with 2,400 grit. The
grinding time at each of the first three grits is automatically
limited to 30 s. The grinding at 2,400 grit is stopped when the
ground surface is within 10 pm of the sample, as measured by
bright-field and polarized-light microscopy.

I'he second, more delicate, stage involves dry polishing; that
is, dry grinding with a succession of even finer grits. First, sili-
con carbide in six steps of 1,500 through 6,000 grit is used, fol-
lowed by aluminum oxide of 8,000, then 12,000 grit. Dry grind-
ing must be used in exposing the cross section of the sample
because some layers of the paint may be soluble in water, etha-
nol, kerosene, and other traditional grinding and polishing lu-
bricants. A normal force of 10 N is applied in this stage. The
grinding times are 10 s for each of the first three SiC grits, 15 s

NASA Tech Briefs, September 2002

The Smallest
Color Cameras
In The World
Are Backed By
The Biggest Name
In The Industry.

Panasonic color microcameras are big
on performance and small in size. In fact,
Panasonic offers a color super microcamera with a
detachable camera head that measures only 6.7mm in
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in various non-intrusive devices where space is limited.
When color reproduction is the issue, Panasonic offers
a 900,000 pixel CCD color microcamera. And for gener-
al applications, Panasonic's DSP color microcamera
offers a versatile range of features. Plus, they're all
supported by the biggest name in the industry -
Panasonic.
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for each of the second three SiC grits,
and 20 s for each of the Al,Oj grits. The
resulting surface is highly polished and
suitable for photomicrography.

This work was done by Todd Leonhardt of
NYMA, Marcia Steele of the Cleveland Mu-
seum of Art, and William Waters of Waters
and Associates for Glenn Research Center.
For further information, access the Technical
Support Package (TSP) free on-line at
wwuw.nasatech.com/tsp under the Physical
Sciences category.

Inquiries concerning rights for the commer-
ctal use of this invention should be addressed
to the Patent Counsel, Glenn Research Cen-
ter; (216) 433-2320. Refer to LEW-16177.

@ Pyrolytic-Graphite Gauges for Measuring Large Heat Fluxes

These gauges exploit the high-temperature endurance and thermal-conduction anisotropy

of pyrolytic graphite.

Marshall Space Flight Center, Alabama

Gauges made of slugs of pyrolytic
graphite with thermocouples embedded in
them have been invented for use in mea-
suring large, short-duration heat fluxes in
hot, highly corrosive environments. These
gauges were originally intended for use in

combustion chambers of rocket engines;
they might also be useful in terrestrial com-
bustion chambers (e.g., in furnaces) and
metal-processing equipment.

A gauge of this type is basically a
calorimeter with a thermal mass large

iOlé!
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72 For Free Info Enter No. 551 at www.nasatech.com/rs

enough that its thermal-transient-decay
time is significantly greater than the dura-
tion of the heat flux that one seeks to
measure. One surface of the slug is placed
in contact with the surface across which
one seeks to measure the heatflux den-
sity; the opposite surface of the slug is
kept insulated. Then given the mass and
specific heat of the slug and assuming that
the slug is approximately isothermal at
any given instant, the net flux of heat into
the slug can be estimated as the product
of the mass of the slug, the specific heat of
the slug, and the rate of change of tem-
perature as measured by the thermocou-
ple in the slug. Then given the area
through which heat flows into or out of
the slug on the surface of interest, the
heatflux density is given simply by the es-
timated flux divided by this area.

As described thus far, the slug could be
made of any of a variety of thermally con-
ductive materials. The reasons (other
than high-temperature endurance and
resistance to corrosion) for making the
slug out of pyrolytic graphite are best ex-
plained by the example of the figure. Py-
rolytic graphite exhibits anisotropic ther-
mal conductivity: its conductivity is high
(comparable to that of copper) in two
pcl;l)vndi(‘u]m‘ directions and low (about
107 x as much) in the third perpendicu-
lar direction. In this case, the material in
the slug is oriented so that the high con-
ductivity is along the H and L axes and
the low conductivity along the W axis.
The high conductivity along the Hand L
axes helps to keep thermal gradients
within the slug small, thereby making the
response of the thermocouple fairly in-
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sensitive to its depth within the slug and justifying the assump-
tion of isothermality. The low thermal conductivity along the W
axis makes it possible to fabricate the slug as a plate that is thin
along the W axis while still avoiding thermal gradients that
would otherwise be caused by edge effects.

This work was done by Robert C. Bunker, Mark E. Ewing, and _John
L. Shipley of Cordant Technologies for Marshall Space Flight Center.

Title to this invention has been waived under the provisions of the
National Aeronautics and Space Act {42 U.S.C. 2457(f)} to Thiokol
Propulsion. Inquiries concerning licenses for its commercial develop-

ment should be addressed to Panasonic
Thiokol Propulsion machine vision cameras
.]\)Al(/).‘\' Ii”l\/ e deliver the highest levels of reliability to
Brigham City, UT 84302-0707 help assure your systems stay up and running. In
Refer to MFS-31572, volume and number of this NASA Tech addition, Panasonic offers industrial cameras for vir

Briefs issue, and the page number. ally every machine vision application. With features

like progressive scanning for high-speed image capture

that rivals expensive line scan cameras. And affordable

1/2" and 1/3" CCD cameras with versatile features and

f'.'_\‘ L ] L |
(_}‘ Wlnd and Mountaln WaVe functions ideal for numerous manufacturing applica-
ObSCI’VﬂtiOnS From a Flight tions. When your image is on the line, Panasonic
Industrial Cameras provide the reliability you want.
Test of a Solar-Powered

Airplane

This airplane was shown to be useful
for observing atmospheric waves.

Dryden Flight Research Center, Edwards, California 888'880'\/'SION(888~880—8474)
In support of NASA’s Environmental Research Aircraft ‘ WWWpanasor“CCC)m/mV

and Sensor Technology (ERAST) program, flight tests of the

Pathfinder solar-electric-powered, remotely piloted aircraft

=
(RPA) were conducted at the Navy’s Pacific Missile Range Fa- Panasonlc
cility (PMRF), Barking Sands, Kaua’i, Hawaii, from May to Industrial Cameras
November 1997 and from June to August 1998. This airplane
was designed to operate at low speeds and low Reynolds
numbers for long duration at altitudes above 60,000 ft (18 BEYOND IMAGE... ENGINEERING, RELIABILITY, SUPPORT.
km). Three successive altitude world records for propeller-
driven aircraft were established during these tests: 67,400 ft
(20.54 km) on June 9, 1997; 71,350 ft (21.75 km) on July 7,
1997; and 80,201 ft (24.445 km) on August 6, 1998.
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flight on June 9, 1997.

The 1997 Pathfinder airplane was of
a flying-wing configuration (see Figure
1) with a span of 99 ft (30 m) and a
chord of 8 ft (2.4 m). With a nominal
gross weight of 500 Ib (mass of 227 kg),
the wing loading was extremely light —
less than 0.64 Ib/ft* (30.6 Pa). The air-
plane was propelled by 6 electric mo-
tors powered by a solar-cell array on
the upper surface during the day and
by batteries at night. The airplane had
an equivalent airspeed of 17 knots (8.7
m/s) with an overall climb and descent
rate of nominally 220 ft/min (1.1
m/s). The airplane was designed to
carry a payload of as much as 50 Ib (23
kg) to high altitude for studies of the
atmosphere and ecosystem and for de-
velopment of sensors.

The extremely light wing loading
made the airplane highly responsive to
gusts and highly sensitive to winds during
takeoff and landing as well as during pre-
and postflight ground handling. Wind
speeds aloft that exceed the true air-
speed of the airplane could be expected
to make it difficult to navigate to desired
and approved regions of airspace.

During descent from the record alti-
tude on June 9, 1997, the airplane en-
countered a mountain-wave updraft
near an altitude of 9,600 ft (2.9 km) ap-
proximately 3 nmi (5.6 km) west of the
Kaua’'i coastline. The remainder of this
article describes the observations made
in connection with this encounter. A
brief description of the local geogra-
phy is prerequisite to a meaningful re-
port of the observations: PMREF is situ-
ated on the west side of the island of
Kaua’i. The 5,200-ft (1.6-km) Mt. Wa-
ialeale and a north/south mountain
ridge line divide the island in half 16
mi (26 km) to the east. The mountain
and ridge line block and divert the
easterly trade winds. Lihue lies to east
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Figure 1. The Pathfinder Solar-Powered Airplane

re » TGRS o]
is shown here taking off for its record-breaking

of the Mountain and ridge line.

Early on June 9, 1997, weather con-
ditions were considered acceptable for
a Pathfinder flight: At 06:00 Hawaii
standard time (HST), surface winds at
PMRF were light and variable — per-
fect for rolling the airplane out and
preparing it for takeoff. All upper-level
winds were below aircraft true-airspeed
limits as measured by the PMRF 02:05
HST and 04:38 HST rawinsonde bal-
loons. The National Weather Service
(NWS) had forecast that during the
next 24 hours, upper-level winds would
decrease slightly while “trade” winds at
Lihue would increase slightly. Surface
winds at PMRF were expected to in-

crease to 10 knots (5 m/s) by noon and
then slowly decrease to light and vari-
able by 19:00 HST.

The airplane first encountered the
updraft at 21:15 HST. The conditions
near encounter time indicated a very
stable temperature profile, winds at the
top of the ridge [altitude > 5,000 ft
(>1.5 km)] near 15 knots (8 m/s), and
wind direction perpendicular to the
ridge line. Measurements of these
winds came from three sources: air-
plane onboard instrumentation [true-
airspeed indicator and a Global Posi-
tioning System (GPS) receiver], a NWS
balloon released from Lihue at 02:00
HST on June 10, and PMRF balloons
released at 19:14 HST on June 9 and
05:38 HST on June 10.

Data from the GPS receiver and from
a ground-based radar tracking system
were used to reconstruct the horizontal
and vertical components of the posi-
tion and velocity of the airplane. Dur-
ing the 15 minutes following the initial
encounter, the wave slowly lifted the
airplane 900 ft (274 m) at a rate of 60
ft/min (0.3 m/s), as shown in Figure 2.
While in the wave updraft, the airplane
maintained this rate of climb. After
leaving the wave, the airplane de-
scended at a rate of 300 ft/min (1.5
m/s), which likely included the effect
of a downdraft. Thus, the overall varia-
tion in the rate of climb was 360 ft/min
(1.8 m/s) — twice as great as indicated
by the balloon closest to the encounter
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Figure 2. The Altitude History of the portion of the flight that included the encounter with the wave

was reconstructed from radar and GPS readings.
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time, but considerably less than that in-
dicated by the last balloon above an al-
titude of 14,000 ft (4.3 km).

These observations indicate that the
climb and descent performance of the
Pathfinder airplane is a sensitive obser-
vation tool for the study of weak or light
wave activity. Conversely, the sensitivity
of Pathfinder to weak wave motion indi-
cates the value of closely monitoring the
meteorological profile for conditions
that favor the development of waves and

the importance of extracting the rates
of rise of balloons from
releases. On subsequent Pathfinder
flights, balloon rise rates were moni-
tored and analyzed for indications of up-
and downdrafts. Advising flight planners
and mission managers of the possibility
of encountering waves enables them to
account for anomalous climb- and de-
scent-rate behavior. In addition, it makes
them better prepared to navigate suc-

rawinsonde

cessfully through such phenomena to

obtain additional flight time that may be
needed prior to landing.
This work was done by Edward H. Teets,

Jr, of Analytical Services and Materials,

Inc., and Natalie Salazar of New Mexico
University for Dryden Flight Research
Center. For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com/tsp under the
Physical Sciences category.
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Electrostatic Systems Keep Dust Off Surfaces

These lightweight systems operate unattended and contain no moving parts.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Electrostatic dust-collection systems
that comprise wire grids connected to
lightweight, low-power high-voltage
sources have been invented for pre-
venting the accumulation of dust on
surfaces. Intended originally for use in
keeping spacecraft solar panels free of
dust, these systems could also be used
on Earth to keep dust off such critical
surfaces as those of semiconductor sur-

faces that await processing, highly sen-
sitive optical instruments, and opto-
electronic devices.

The wire grid in a system of this type
is strung over the surface to be kept
clean, then charged to a high potential
to remove any dust from the surface by
electrostatic attraction. Unlike prior
systems developed to keep surfaces free
of dust, systems of this type both con-

tain no moving parts and can operate
unattended.

This work was done by Brian Wilcox, R.
Scott Cozy, and Mike Newell of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com/tsp under the Physical
Sciences category.

NPO-20788

Another Bright Idea From NKK

A word to the wise.

When you see NKK’s bright new SMARTSWITCH™ line,
you'll agree: they really shine, with features like:

Programmable LCD for multiple graphics

and text

High-brightness LEDs with up to three colors

per SMARTSWITCH

they can flash, too!

Animated text and graphics in a 36 x 24

pixel array.

Real-time sequencing simplifies and improves

complex, multi-decision operations.

Prompts and directs users toward a desired result
using a minimum number of key strokes.

Check out our SMARTSWITCH Web site at

www.nkksmartswitch.com or call 480-991-0

 SMARTSWITCH

www.nkksmartswitch.com

NKK
SWITCHES

Excellent Contacts
Pay Off

The SMARTSWITCH™ - positively brilliant!
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Marketplace

W. M. BERG, INC.

for all your
precision
mechanical
component needs,
from Design
Concept to
Production and
beyond!

Order your free catalog today!
W.M. BERG, INC.

499 Ocean Ave.

E. Rockaway, NY 11518
Phone: 800-232-BERG
Fax: 800-455-BERG
www.wmberg.com

For Free Info Enter No. 557
at www.nasatech.com/rs

Dissimilar Materials
High Bond Strength
Use From - 40 to 3000°F
Corrosion and

Solvent Resistant

Call for Free Hi-Temp. Handbook
Epoxies - Ceramics & Special Materials

COTRONICS CORP.

718-646-7996 Fax 718-646-3028
www.cotronics.com

For Free Info Enter No. 562
at www.nasatech.com/rs
Four Decades of
NASA Technologies
on One CD-ROM

IKSASolutio

2y «

¥

#

Order online:
www.nasatech.com/store
or send $79.00 + $8.00 for shipping to:

ABP International, Dept. F., 317 Madison
Avenue, #1900, New York, NY 10017.

@ Research on Life-Prediction
Methods for MMCs —
Phase 1

A report describes the completed first
phase of a NASA/industry cooperative
program of research on metal-matrix com-
posites (MMCs) as lightweight, strong,
high-temperature-resistant materials for
use in future aircraft engines. The first
phase of the research included assessment
of life- and fracture-prediction methods,
determination of fracture strengths and
fatigue lives, and experiments in nonde-
structive evaluation. The metal-matrix
composite specimens used in these studies
were rings made of silicon-carbide-based
fibers in a titanium-alloy matrix. The par-
ticular composite material was chosen be-
cause extensive data on the material were
already available and the material is repre-
sentative of composites that would be used
in aircraft engines. Five fracture- and life-
prediction analysis methods were applied
to the rings; their predictions were com-
pared with each other and with experi-
mental data on fracture of the rings.
Manufacturing defects prevented the re-
searchers from conducting planned cyclic
tests. Fatigue-life predictions ranged from
1,000 to 15,000 cycles. Fracture-stress pre-
dictions were less scattered, ranging from
25 to 40.1 kpsi (172 to 276 MPa). Low-res-
olution x-ray computed tomography
proved to be an effective nondestructive-
evaluation technique.

This work was done by Erwin V. Zaretsky,
John Gayda, Steven M. Arnold, George Y.
Baaklini, Harold E. Kautz, Frederic A. Hol-
land, Jr., Matthew E. Melis, Gary R. Halford,
Christos C. Chamis, Pappu L. N. Murthy,
Bradley A. Lerch, and Carol Vidoli of Glenn
Research Center; Michael G. Castelli and
Surendra N. Singhal of NYMA, Inc; Robert E.
deLaneuville, Phillip W. Gravett, and Larry D.
Percival of United Technologies, Inc.; Robert N.
Yancey of Advanced Research and Applications
Corp.; and Thomas E. Wilt of the University of
Toledo. To obtain a copy of the report, “MMC
Life System Development (Phase I)—A
NASA/Pratt & Whitney Life Prediction Coop-
erative Program,” access the Technical Support
Package (TSP) free online at www.nasatech.
com/tsp under the Materials category.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed to
NASA Glenn Research Center, Commercial
Technology Office, Attn: Tech Brief Patent Sta-
tus, Mail Stop 7-3, 21000 Brookpark Road,
Cleveland, Ohio 44135. Refer to LEW-16464.

www.nasatech.com

Books & Reports

¢3 Wavelet-Based Time-Varying
Models of Pilots in Control
Loops

A report presents a study of the use
of wavelet-based mathematical models
to quantify the responses of humans in
control loops. The report begins with a
review of the traditional representation
of manual control responses by use of
transfer functions derived from
Fourier transforms, which, the report
notes, are not adequate to represent
the temporally varying human re-
sponses observed in practice. Some
basic principles and equations of
wavelet transforms are presented.

This work was done by Martin Brenner of
Dryden Flight Research Center and Peter
M. Thompson and David H. Klyde of Systems
Techmology, Inc. To obtain a copy of the report,
“Wavelet-Based Time-Varying Human Opera-
tor Models,” access the Technical Support Pack-
age (TSP) free on-line at www.nasatech.com/
tsp under the Information Sciences category.
DRC-01-56

€3 Statistical Sampling of Tide
Heights Study

The goal of the study was to deter-
mine if it was possible to reduce the cost
of verifying computational models of
tidal waves and currents. Statistical tech-
niques were used to determine the least
number of samples required, in a given
situation, to remain statistically signifi-
cant, and thereby reduce overall project
costs. Commercial, academic, and Fed-
eral agencies could benefit by applying
these techniques, without the need to
“touch” every item in the population.
For example, the requirement of this
project was to measure the heights and
times of high and low tides at 8,000 lo-
cations for verification of computational
models of tidal waves and currents. The
application of the statistical techniques
began with observations to determine
the correctness of submitted measure-
ment data, followed by some assump-
tions based on the observations.

This work was done by Merlon M. Hines
of Lockheed Martin Corp. for Stennis Space
Center.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed to
the Imtellectual Property Manager, Stennis
Space Center; (228) 688-1929. Refer to SSC-
00152.
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New

LITERATURE.......

Electric and Gear Motors

A four-page brochure from Power Electric,
Plymouth, MN, describes electric motors and
gear motors for OEM applications. Motor
types include stepper, brushless, permanent
magnet DC, geared, permanent split capaci-
tor, pancake, timed motors, shaded pole,
induction, synchronous, and actuators. For
Free Info Visit www.nasatech.com/pe

wori o est Sl f Sl B Moy
o ars o BN Agscions

———————

Monitors and Controllers

The “Critical Environment Solutions” engi-
neering binder and CD-ROM from TSI,
Shoreview, MN, includes product descriptions
and specifications for EverWatch®, SureFlow™,
and PresSura™ monitors and controllers. Users
can select flow tracking, direct pressure, or
adaptive offset control using electric or pneu-
matic actuators, dampers, venturi valves, and
airflow stations. For Free Info Visit www.
nasatech.com/tsi

Force Sensors
Muse Measurements Corp., San Dimas, CA,
has released a catalog detailing load cells and
force measurement products for OEM applica-
tions. The catalog includes specifications such
as capacity, dimensions, temperature effect
span, temperature effect zero, output, hystere-
sis, and non-linearity. For Free Info Visit
www.nasatech.com/muse

Power Components

Tyco Electronics Power Components, Menlo
Park, CA, has released a brochure highlighting
its Raychem Circuit Protection PolySwitch™ poly-
metric positive temperature coefficient (PPTC)
circuit protection devices, SiBar™ thyristor surge
protectors, and protected power switches and
CoEv” magnetic components. The devices are
suitable for battery and portable electronics,
telecommunications, networking equipment,
computers, and automotive applications. For
Free Info Visit www.nasatech.com/tycopc

Component Manufacturing
OEMetrix, Floral Park, NY, offers literature
describing manufacturing capabilities for

metal stampings, zinc and aluminum die
casts, investment casts, aluminum extrusions,
CNC turned and machined parts, and brass
forgings and extrusions. The company offers
press capacity to 500 tons for stampings and
component assemblies in mild and alloy
steel, stainless steel, aluminum, brass, and
plastic materials. For Free Info Visit www.
nasatech.com/oemetrix
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Yardley
SHARPSERT?® Inserts

Precision Engineered For Chip-free Installation & Superior
Holding Power In Plastics, Particle Board & Wood

REGULAR/SHORT SERIES FLANGED SERIES

* Precision engineered for pressed-in, thermal or ultrasonic
installation.

* Specially designed curved hooks "lock" firmly into the base
material providing strong resistance to pull-out & rotation.

* Flanged series is ideal for applications where pull-out and
pull-through are a concern.

* Available from stock in a wide range of sizes from 2-56 to
5/16-18 (metric M2 to M8) in Brass.

YARDLEY®
PRODU
(= CORP:::

ORDER ON-LINE at www. yardleyproducts.com
10 West College Avenue » PO. Box 357 = Yardley, PA 19067

Toll Free: 1-800-457-0154
Fax: 215-493-6796

E-mail: info@yardleyproducts.

') O ¢ O ¢

Thermal Rlbbon RTD’s

fast response surface sensing

$17422
0.1 second response

$17624 Thin film RTD

$651 Miniature platinum RTD

Thin, flexible re ce temperature detectors « Wire wound
or thin-film  Pt, Cu, Ni, Ni-Fe curves 0.1 second time
response * Rugged laminated construction
» -200 to 220°C range * Many sizes & styles in stock

Stable, accurate, dependable measurement « Install with
self-stick backing, tapes, or cements * Avionics
* Process lines * Medical devices  Aircraft windows
» Stator windings = Thermal processing equipment

Minco Products, Inc.
7300 Commerce Lane | Minneapolis, MN 55432-3177 U.S.A.
Tel: (763) 571-3121 | Fax: (763) 571-0927 | www.minco.com

For Free Info Enter No. 554 at www.nasatech.com/rs 77



Six-Axis
[Force/Torque Sensors

Feutures Include: Applications Include:

Six Axes of Force/Torque Sensing - *  Product Testing
(FFy F Ty, y 17 ’ * Biomedical Research
s High Overload Protection. , * Finger-Force Research
= P, P and PCMCA inferfoces. o Rehabilitation Research
Addiional interfaces offered. o Robotics
@ Sizes from 17mm dio. to 250mm dio.
-'- INDUSTRIAL '
AUTOMATION
150 9001 Registered
Prodects for 1z ’

Pinade Pork, 1031 Goodwarth Div, Apex, North Carolina 27502
Tel: +919.772.0115 * fox: +919.772.8259
Emalt info@ati-ia.com - www.ati-ia.com

For Free Info Visit www.nasatech.com/570
or Enter No. 570 at www.nasatech.com/rs

] ) |
:\‘i I‘ ]
') All I 1
A R BOND PO > oTe

NASA low outgassung test specﬂ‘ cations
B No heat required for cure B High
bond strength B Excellent chemical
resistance B Convenient packaging

154 Hobart St.,
Hackensack, NJ 07601
TEL: 201-343-8983
FAX: 201-343-2132
www.MasterBond.com
main@masterbond.com

78 For Free Info Enter No. 556 at www.nasatech.com/rs
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MARKET............

Transit Cases
Ameripack, Cranbury, NJ, offers
air/watertight transit cases with foam
inserts to protect test equipment, laptops,
and tools. The cases have military-specified
recessed latches and three spring-loaded
padded handles. They feature engineering-
grade ABS plastic alloy that safeguards
against jarring, vibration, and crushing. A
silicon o-ring seals out water, salt air, and
dust. Operating temperatures are -40° to
160°F. For Free Info Visit www.nasatech.com/ameripack

CAD Conversion Tool

CAD2PDF" server-based software from Layton Graphics, Marietta,
GA, converts native AutoCAD and MicroStation files to fully functional
PDF files that can be viewed with Adobe® Acrobat® Reader or reviewed,
redlined, annotated, marked up, digitally signed, and secured with
Adobe Acrobat 5.0. The PDFs retain vector resolution and convert text
in the CAD files to text-searchable PDFs. CAD2PDF sits on the cus-
tomer network and manages file conversion and updating of search-
able indexes. For Free Info Visit www.nasatech.com/layton

Mechanical CAD Software
EDS, Plano, TX, has released Solid

Edge® version 12 CAD software featur-

ing Insight. NET Web services that

use Microsoft’s .NET technology for
collaboration and communication,
and a Stream/XP user interface.

i Other new features include wiring har-
ness and surfacing deslgn for applications in sheet metal and tubing,
2D to 3D data migration capabilities, and interoperability with other
EDS products such as I-deas, Unigraphics, and FEMAP. For Free Info
Visit www.nasatech.com/solidedge

Large-Display Meters

The BIG Display has been added
to the iSeries meters and controllers
from OMEGA Engineering, Stam-
ford, CT. The display can be pro-
grammed to change colors among

red, amber, and green at any set point or alarm point. The changes in
color can be seen from a distance and equipment operators can intu-
itively react to changing conditions. The display can be mounted flush
in a panel or surface-mounted with the included brackets. For Free
Info Visit www.nasatech.com/omegasep

Photoelectric Sensors

Tri-Tronics, Tampa, FL, offers the DCS™
SMARTEYE® photoelectric sensors that can be set
up, monitored, and controlled from a computer

screen, embedded controllers, PLCs, or any con-
trol device equipped with an RS-232 serial port.
The sensors provide an on-screen oscilloscope-
style contrast deviation analyzer that allows the
operator to tweak the adjustment. The sensors

can be configured using point-and-click icons on
the screen. For Free Info Visit www.nasatech.
com/tritronics
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PRECISION
ALUMINUM
EXTRUSIONS

New! An informative
brochure from MIN-
ALEX, leader in
close tolerance
shapes to 3 1/2",
typical
applications and de-
scribes capabilities
including short
runs. MINALEX,
quality leader, delivers on time, every time.
MINALEX, PO Box 247, Whitehouse Station, NJ
08889; Tel: 908-534-4044; Fax: 908-534-6788.

Minalex

For Free Info Enter No. 611
at www.nasatech.com/rs

minalex

illustrates

on’
industry

2002 PRODUCT
DESIGN GUIDE ON
THE WEB

Pulizzi Engineering, manufac-
turer of AC power distribution
and control
announced its 2002 Product
Design Guide that includes
standard units, new products, engineering specifica-
tions, and a sampling of custom systems. The Web
site has a new product search engine that searches
the extensive engineering database and submits a
list of products to the customer that will meet spe-
cific needs. Pulizzi Engineering, Inc.; Tel: 714-540-
4229 or 800-870-2248; email: sales@pulizzi.com;
www.pulizzi.com

Pulizzi Engineering, Inc.

For Free Info Enter No. 613
at www.nasatech.com/rs

systems, has

WIRING DUCT
SYSTEM

Internationally approved
wiring duct system in white,
gray and now black. A man-
ufacturer of dinosaur “cov-
erless” duct as well as DIN
rail and accessories includ-
ing the new aluminum 2
inch high step rail. IBOCO
CORPORATION®, 10 Alvin Court, Suite 100, East
Brunswick, NJ 08816; Tel: 732-238-0200; Fax: 732-
238-0304; e-mail: iboco@worldnet.att.net

IBOCO Corporation

For Free Info Visit www.nasatech.com/662
or Enter No. 662 at www.nasatech.com/rs

THIN FILM
COATING DESIGN
AND ANALYSIS

I'FCalc v3.5, with many new
features, makes designing the
best optical thin film coatings
faster and easier than ever. Major
features include needle optimiza-
tion, color optimization, ultra-fast optimization,
global search, yield analysis, interactive analysis,

material mixtures, automatic bandpass design, and
computing refractive index (n and k). Call or send
e-mail for your free demo. Software Spectra, Inc.;
Tel: 800-832-2524; e-mail: info@sspectra.com;
www.sspectra.com

Software Spectra, Inc.

For Free Info Enter No. 614
at www.nasatech.com/rs

POROUS
CERAMIC
VACUUM
CHUCK

PhotoMachining of-
fers a porous ceramic
vacuum chuck for use
with thin films and other flat samples. Pore sizes
under 25 microns assure uniform suction and holding
power for even the smallest parts. PhotoMachining

also provides contract laser-manufacturing services,
and designs and builds custom laser-based manufac-
turing equipment. PhotoMachining, Inc., 4 Industrial
Dr., Unit 40, Pelham, NH 03076; Tel: 603-882-9944;
Fax: 603-886-8844; rschaeffer@photomachining.com;
www.photomachining.com

PhotoMachining, Inc.

For Free Info Enter No. 612
at www.nasatech.com/rs

POLYGON
SHAFT-TO-HUB
CONNECTIONS

Polygon shaft-to-hub connec-
tions can transmit twice the
torque of involute splines in
the same shaft diameter, due to the elimination of
stress concentration risers. Three-lobe polygons are
self-centering, and provide perfect concentricity, as
they are precision ground on centers, with the shaft
bearing diameters, using one set-up. They can be
ground after heat treating, for absolute minimal
clearance and backlash. Zero backlash connections
are manufactured using taper polygons. Four-lobe
polygons slide under torque loads. Stoffel Polygon
Systems, Inc.; Tel: 914-961-2000; Fax: 914-961-7231.

Stoffel Polygon Systems, Inc.

For Free Info Enter No. 622
at www.nasatech.com/rs

IEC CORPORATION
INTRODUCES FIBER
OPTIC SLIP RING LINE

IEC has a catalog of their standard
line, but pride themselves in stating
that they only sell about 10% stan-
dard. Meaning that 90% of their
business lies in modified and cus-
tom designs. The fiber optic rotary joint, or FOR],
is offered from 1 to 7 channels, single or multi-
mode. The standard options available on the elec-
trical component are: 2-60 rings, current to 90
amps, voltage to 6000V, signal to 250 MHz. IEC
Corporation, 3100 Longhorn Blvd., Austin, TX
78758; Tel: 512-836-0547; Fax: 512-834-1082; e-mail:
info@ieccorporation.com; www.ieccorporation.com

IEC Corporation

For Free Info Enter No. 610
at www.nasatech.com/rs

PRECISION
ENCODERS

New 98-page catalog gives in-
depth specifications and
descriptions of Accu-Coder™
brand encoders by Encoder
Products Company. Catalog
features a full line of
Cube™, industry-standard
size 15, size 20, size 25, size
58mm, C-face, NEMA mount and hollow shaft
encoders, with a wide selection of configuration
options, suitable for a wide variety of industrial
counting, motion, and motor control applications.
Encoder Products Company; Tel: 800-366-5412;
Fax: 208-263-0541; www.encoderproducts.com

Encoder Products Company

For Free Info Visit www.nasatech.com/680
or Enter No. 680 at www.nasatech.com/rs

FMEA SOFTWARE

Failure Modes and Effects
Analysis using FMEA-Pro™ 5
empowers automotive, con-

sumer, electronic, aerospace,
defense and general manu-
facturing industries to
improve the quality, reliability

‘ -
FMER-Pro
and safety of their products.

7 e
@
This fully customizable soft-

ware helps companies comply with QS 9000, 1SO
9000, SAE J1739, MIL-STD-1629, 1SO/TS 16949
and other regulations. FMEA-Pro™ 5 contains
extensive libraries and data protection features.
The report generation tools support a variety of file
formats, including HTML and PDF. Download a
free trial: www.fmeasoftware.com

Dyadem International Ltd.

For Free Info Visit www.nasatech.com/678
or Enter No. 678 at www.nasatech.com/rs

SURFACE
PROFILING TOOL
Triptar’s surface profiling
tool, SurfaceScope™, ren-
ders 3D images of surfaces.

Surtao
Surtacy Profing Macroses

It is combined with a stan-
dard OEM microscope to
extract height information
throughout the field of view.
Acquisition is extremely fast.
Resolution is limited only by
the microscope and the electronic camera used to
capture the images. Triptar Lens Company, Inc;
www.triptar.com/surfacescope.htm

Triptar Lens Company, Inc.

For Free Info Visit www.nasatech.com/672
or Enter No. 672 at www.nasatech.com/rs

AWARD WINNING
FLUID FLOW
SOFTWARE

Design Flow Solutions (DF)
| DesigNet provides complete

hydraulic analysis of piping
networks for both gases and liquids. Network branch-
es can consist of any combination of pipe, fittings,
and valves, with virtually no limit on components.
DesigNet solves networks using the Darcy-Weisbach
and Bernoulli's for liquids and the differential form
of Bernoulli's theorem together with numerical inte-
gration techniques for gases. Considers sonic flow
and the heat transfer limitations for gases. New train-
ing manual is now available. ABZ, Inc.; Tel: 800-747-
7401; Fax: 703-631-5282; www.abzinc.com

ABZ, Incorporated

For Free Info Visit www.nasatech.com/677
or Enter No. 677 at www.nasatech.com/rs

LINEAR
ACTUATORS

Ideal for robotics,
pick-and-place, pack-
aging, medical
equipment, clean
room, testing, pro-
cessing, and posi-
tioning, the “Digit-
HS” (High Speed) linear actuators are available in
stroke lengths to 8 in. Offering speeds to 14 in/sec,
force to 190 Ibs, repeatability to 1.5 microns. Totally
enclosed, these actuators are available in a variety of
drive screw combinations. Ultra Motion; Tel: 631-
298-9179; Fax: 831-298-6593.

Ultra Motion

For Free Info Visit www.nasatech.com/667
or Enter No. 667 at www.nasatech.com/rs
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DIGITAL
DELAY/PULSE
GENERATOR
DEI's PDG-2510 is a
precision digital delay and pulse generator pro-
viding two output channels with independent
delay and pulse width adjustable from 0 to 99.9
seconds with 25 nanoseconds resolution. With a
standard RS-232 interface, it is well suited for
laser timing, automated testing and precision
pulse applications. See our Web site for data
sheets and additional product information.
Directed Energy; Tel: 970-493-1901; Fax: 970-
493-1903; e-mail: deiinfo@directedenergy.com;
www.directedenergy.com

Directed Energy, Inc. (DEI)

For Free Info Visit www.nasatech.com/660
or Enter No. 660 at www.nasatech.com/rs

HIGH PERFORMANCE
BRUSHLESS D.C.
MOTORS

ARC Systems, Inc. offers cus-
tom BLDC motors. ARC
Systems, Inc. uses high energy
materials to meet the rigid per-
formance requirements of our
customers. ARC Systems, Inc. is committed to pro-
ducing highly technical designs at unbeatable
prices. We specialize in 2 Wire Brushless D.C.
Motors with the Controller built in. ARC Syste
Inc., 2090 Joshuas Path, Hauppauge, NY 11 ; Tel:
631-582-8020, 800-893-3649; Fax: 631-582-8038;
email: ARCUSERVE@aol.com; website: www.
llr('ﬁ)'ﬁl('"]Sillf.("()ln

ARC Systems Inc.

For Free Info Visit www.nasatech.com/684
or Enter No. 684 at www.nasatech.com/rs

NATIONAL
INSTRUMENTS
LabVIEW™
EVALUATION CD

L F

f

LabVIEW™ jis a revolutionary

graphical development environment for data acquisi-
tion and instrument control, measurement analysis,
and data presentation. If you are looking for a faster
way to develop your measurement and control systems
without sacrificing performance, then join the thou-
sands of successful LabVIEW™ users and discover the
software that has revolutionized measurement and
automation. To request a free LabVIEW™ Evaluation
Package, visit ni.com/info and enter naw54w. National
Instruments; Tel: 888-452-6914 (U.S. & Canada) or
512-794-0100; Fax: 512-683-9300; email: info@ni.com
National Instruments

For Free Info Visit www.nasatech.com/670
or Enter No. 670 at www.nasatech.com/rs

ENGINEERING
SOFTWARE
DEMO

COADE offers a free
demonstration CD that
illustrates its plant de-
sign and analysis pro-
grams. Walkthrough
demonstrations describe
software for mechanical design and analysis of pip-
ing systems and pressure vessels, piping CAD, and
oil storage tank design. Executable demonstrations
are included to provide “hands-on” evaluation of
these popular packages. Contact us at 281-890-4566,
800-899-8787, or sales@coade.com. Visit our Web
site at www.coade.com

COADE, Inc.

For Free Info Visit www.nasatech.com/679
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CYROGENIC
LIQUID AUTO-FILL
SYSTEM

Safely protect your invest-

liquid nitrogen. American
Magnetics, Inc. Cryogenic
Liquid Level Controllers,
used in conjunction with a
level probe, solenoid valve,
and V] transferline, can keep your critical devices
full without manual attention. A wide variety of
probe designs allows filling of vessels smaller than 1
liter in volume. American Magnetics, Inc.; Tel: 865-
482-1056; e-mail: sales@americanmagnetics.com;
www.americanmagnetics.com

American Magnetics, Inc.

For Free Info Enter No. 609
at www.nasatech.com/rs

ment by not running out of

CUSTOM CERAMIC
COMPONENTS

Part shapes to solve functional

problems for environments where

plastics and metals will not work.

* Withstands Extremely High
Temperatures

Threaded Components

Exacting Tolerances

Stock Hex-Head Alumina Nuts & Bolts

Resists Corrosion and Abrasion

Simple to Complex Shapes

Affordable Tooling

Ceramco, Inc., Center Conway, NH; Tel: 603-447-2090;

Fax: 603447-3906; e-mail: info@ceramcoceramics.com;

WWW.CETAMCOCeramics.com

Ceramco, Inc.

For Free Info Visit www.nasatech.com/685
or Enter No. 685 at www.nasatech.com/rs
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HIGH-QUALITY SCREENS
AND FILTER MATERIALS

FREE 68-page manual from Sefar

or Enter No. 679 at www.nasatech.com/rs
America contains comprehensive
product information and samples of

precision woven plastic and wire

screens. Sefar products provide high-performance
filtration and separation for applications including
debris screens in appliances, fuel filters for the
transportation industry, EMI/RFI filters, blood and
fluid filters for healthcare, fluid filters for hydraulics,
and many others. Our products are backed by
industry-leading technical support and customer ser-
vice. Sefar America Inc.; Tel: 800-995-0531; Fax: 716-
706-0154; e-mail: h&sinfo@sefaramerica.com;
www.sefaramerica.com/hs/intro.htm

Sefar America

For Free Info Visit www.nasatech.com/683
or Enter No. 683 at www.nasatech.com/rs

MINIATURE
SPECTRAL &
COLOR
MEASUREMENT

The Specbos line of

miniature, pe-coupled
instruments are designed to measure the spectral
characteristics and color coordinates of reflective
targets, emissive sources, and transmissive materials.
Characterized by small size and ease of use, they are
ideal for applications requiring simple installation
and quick time to measurement. Nine palm-sized
models are designed for use in the Visible and UV,
Data Optics, Inc.; Tel: 800-321-9026 or 734-483-8228;
Fax: 734-483-9879; e-mail: sales@dataoptics.com;
www.dataoptics.com

Data Optics, Inc.

For Free Info Visit www.nasatech.com/687
or Enter No. 687 at www.nasatech.com/rs

SPECIALTY PARTS

Danuser’s specialty parts
range from stock item ball
joints and klik pins to cus-
tom manufactured assem-
blies. Custom assemblies
include hydraulic cylinder
heads, rod ends, bar ends,
adjustment links, pitch con-
trol links and other special-
ty machined and fabricated parts. Danuser
Machine Co. Inc., Fulton, MO; Tel: 573-642-2246;
Fax: 573-642-2240; e-mail: sales@danuser.com;
www.danuser.com

o

Danuser Machine Co. Inc.

For Free Info Visit www.nasatech.com/686
or Enter No. 686 at www.nasatech.com/rs

STOCK AND CUSTOM
COIL SPRINGS

Over 6,000,000 springs in stock
including Mil Spec, Metric and
English units.

* A full line of compression, exten-

= sion and torsion springs.
® Every shipment inspected, certified and trace-
able — no seconds or recycled rejects.
¢ Free stock spring catalog, free custom spring

designs and quotations.
Use response card, call 800-633-7734, or go to
www.msdspring.com/default.asap?source=nth

MSDivisions (MSDSpring)

For Free Info Visit www.nasatech.com/666
or Enter No. 666 at www.nasatech.com/rs

MICROPOLY®
LUBRICANTS

Cut maintenance costs and
downtime, keep contami-
nants out of bearing — due
to solid structure, eliminate
bearing maintenance after
installation, and prolong
bearing life. MicroPoly® oil-
filled polymer lubricants are
put into bearings and molded or extruded into
rigid shapes to fit a variety of environments and
applications, from steel mills to food processing
plants. PhyMet, Inc.; Tel: 800-574-9638; email:
micropoly@excite.com

MicroPoly

LUBRICANTS

PhyMet, Inc.

For Free Info Visit www.nasatech.com/688
or Enter No. 688 at www.nasatech.com/rs

ECONOMICAL
LINEAR
MOTION
SYSTEM

The Econo Rail linear bearing system consists of a sin-
gle piece bearing core that is ground all over and two
recirculating ball bearing circuits with 3.5mm diame-
ter steel balls. Two bearing elements are mounted on
a specially machined plate to provide precision align-
ment. The bearing is preloaded to eliminate play and
provide smooth and accurate motion along the track.
T'his system provides a high level of accuracy, main-
taining parallelism at 0.0005 inch per foot, yet can be
fabricated without precision machining, reducing the
cost to the purchaser. Tusk Direct; Tel: 800-447-2042
or 203-790-461 1; www.tuskdirect.com

Tusk Direct

For Free Info Enter No. 615
at www.nasatech.com/rs
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MSC.visualNastran for Windows™

The FEA solution for confident analysis. You too can have the power.

With MSC.visualNastran for Windows, comprehensive simulation and extensive design

analysis is only a click away. By combining the proven computational power of

MSC.Nastran with a Windows-based interface, we've created a sophisticated yet easy-to-

use solution that streamlines the engineering design process. Highly customizable,

MSC.visualNastran for Windows™ is an affordable answer to the most demanding

engineering requirements. Call us today and let us help you master your domain. For a

complementary demo kit, visit http://vn4w.mscsoftware.com/ or call 1-866-672-1549.

MSC X SOFTWARE

SIMULATING REALITY

For Free Info Enter No. 558 at www.nasatech.com/rs



WE CAN ACCELERATE

SR ety -

YOUR PRODUCT-TO-MARKET CYCLE.

AND WE CAN PROVE IT!

Are you designing i —_—
electric motors, s i .%,ﬂ‘ —
MEMS devices, mag- =117 @ff I
netic sensors, ion ; 1k

guns, high voltage
equipment, or power
electronics systems?
Then Integrated’s
innovative electro-
magnetic simulation software will get you from con-
cept to market faster than ever.

You see, our software
accurately models
your most complex
electromagnetic
device or system and
predicts force, torque,
field components,
capacitance, induc-
tance, space charge,
eddy currents, power system performance, and more.
Just dream a design, plug it in, optimize it, and acceler-
ate it to market like never before.
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INTEGRATED
ENGINEERING SOFTWARE
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A closer look at what our software

has to offer.

@ An intuitive graphical user interface built by engineers
for engineers

@ The industry’s most powerful geometric modeler with
built-in parametrics for design optimization

@ Fully optimized solvers for unequaled speed and
performance

@ Exact modeling of geometry...no straight-line
approximations

@ Advanced, direct plug-in import from leading CAD
software

@ Multi-domain simulation of electromagnetic, power
electronics, thermal and mechanical

@ Unmatched, same day, technical support

[ ——

Take a test drive,

| FREE! !
I No risk. No obligation. I

I Get in touch with Integrated Engineering Software I
now. If you can benefit from our product, we'll

I send you a fully-functional evaluation copy that puts I
you in the driver's seat. And puts us to the test.

I Don't miss this special offer! I
Call: 204-632-5636
I E-mail: info@integratedsoft.com I

L Web: www.integratedsoft.com
(S

For Free Info Enter No. 559 at www.nasatech.com/rs
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