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“Nothing compares to
LabVIEW and computer-
based measurement
and automation in
helping MicroCraft
build flexible,
customizable test
systems with less
time and effort.”

Increase your test productivity
by 10X with easy-to-use
National Instruments LabVIEW™.
With tight integration to hundreds of test _ i
instruments, you can quickly build test programs Stanley Craft

P ; ' President
using intuitive LabVIEW graphical programming. MicroCraft Corporation

With the optimized execution performance in LabVIEW, you
can increase your development productivity without sacrificing
valuable test performance.

To increase your test

&' TecH Brigss SN  productivity by 10X, call
1888 Product of the Yeer e today for your FREE
LabVIEW Productivity

=~ NATIONAL g )
)% INSTRUMENTS

A Al (800) 452-6914 Y2K

Tel: (512) 7940100 » Fax: (512) 683-9300 ¢ info@ni.com

For More Information Circle No. 516




Still puzzied about how to
cut or mark your product?

Steel, labels, acrylic, foam, cork, leather, fabric, lace, gaskets, sail cloth,
nylon, sandpaper, vinyl, specialty paper, wood, and plastic. Every day
over 15,000 Synrad CO;7 lasers cut, drill and mark these and many
other materials. Applications are practically boundless—the more you
learn about our lasers, the more uses you will find for them.

Simple to use with the reliability demanded by the toughest
industrial applications. No gas bottles to replace, tools to resharpen
or nozzles to clean—our lasers offer maintenance-free operation 24
hours a day for over four years. That's why Synrad lasers cost less
to buy and run than other technologies.

Integrating our lasers into your existing application is easy. We
design our CO7 lasers to be components—think of them as light
bulbs—to mate with XY tables, gantry systems, or robot arms. No

major redesigns are necessary to obtain the benefits of laser processing.

implementing laser technology.

Send us your samples for a A e
FREE Process Evaluation

Can you benefit from laser technology? Find out by sending us samples

(remember to include a description of your current process and, if possible,
an example of a “finished” product). Within 3-5 days you'll receive a Synrad
SamplePak™ containing your samples (suitably marked, drilled or cut by our
Applications Facility), a written Materials Evaluation and more information on

Qur all-sealed technology means no adjustments or alignment
problems—ever

Eliminate die cutters, blades, scribers or ink. The small focused laser
beam produces sharp, clean edges and, as the process is non-contact,
intricate patterns can be cut in thin, delicate materials with no drag—
even at high speeds. CO7 lasers can offer increased precision, higher
processing speeds and less waste.

Never used a laser before? Neither had most of our customers before
talking to us. To learn how sealed CO7 lasers can help improve your

process quality and reduce your manufacturing time and costs, call

1.800.SYNRADI1 today.

www.synrad.com

6500 Harbour Heights Parkway
Mukilteo, Washington 98275 USA
425.349.3500 tel 425.485.4882 fax

For More Information Circle No. 557



Science
makes it possible =

Gamma ray bursts are the largest known explosions in
our universe, producing a spectacular 1052 to 1054 ergs
of power when they light up the sky. Yet what causes
these mysterious phenomena to occur or how they
work remains a mystery to astrophysicists. That's why
Spectrum Astro is working with Goddard Space Flight
Center as part of NASA's newest MIDEX mission team
to develop the Swift Gamma Ray Burst Explorer. Our
spacecraft bus supports the quick-slewing Swift
Observatory, able to detect and locate a gamma ray
burst within tens of seconds after onset - a feature
paramount to performing the scientific observation.

Spectrum Astro
makes it affordable

And just as importantly, we'll meet the goals of
NASA's Explorer Program with a reliable bus
design that truly enables frequent, low cost
access to space. How? By accelerating the
spacecraft production flow with an innovative
series of time saving practices that directly
impacts the cost of doing business. Because
at Spectrum, we know our science customers

are dedicated to success at any price. \ ")
We just think it should be affordable. J

s

Arizona California Colorado Virginia

Contact the Program Development Office
1440 N. Fiesta Blvd. * Gilbert, AZ 85233 * Phone 480.892.8200 » FAX 480.892.2949

= SPECTRUMASTRO

AFFORDABILITY THROUGH INNOVATION

For More Information Circle No. 505
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1-800-3 44-4?
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701 Brooks Ave. South p
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Directly from us to you

How to watch an Algor
Live Web Course from
Algor’s web site:
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Click on the button for
“Algor Live Web Courses”
to go to the Web Course
section or go directly to
www.algor.com/webcourse.

View the complete schedule
with the course content for
each of the past and upcoming
Web Courses. Select the Web
Course you want to view and
contact your Algor Account
Representative for a password
to gain access to the live
broadcast and replays.

After you gain access to the
Web Course, watch it live or on
replay with no downloading

time. You will also get your
choice of a VHS videotape or
CD-ROM of the Web Course for
your resource library.

Now new and experienced Algor
customers can get step-by-step
instruction on how to take advan-
tage of software features and
capabilities without leaving their
desk. Each Web Course registra-
tion includes:

Access to the Live Web Course on
the Internet using a password.
Viewing the Live Web Course
gives engineers the opportunity to
phone in or email their questions
and participate in the training.

Access to the replay of the Web
Course for unlimited personal
screenings using streaming video
format. The streaming video format
is a fast response format that
“streams” the video over the
Internet to the engineer with no
download times.

A VHS videotape or CD-ROM con-
taining the Web Course enables
engineers who do not have
Internet access to benefit from
Algor’s use of Internet audio/video
technology. This enables viewers
to build a resource library of Web
Courses.

Past topics of Algor Live Web
Courses are also available for sale
in both Internet Streaming Video,
VHS videotape or CD-ROM for-
mat. See our web site for course
listings and details.

About the Streaming Video Format

www.algor.com

A senior Algor engineer responds to a customer’s
question during a live Web Course.

Algor’s Cutting Edge Technology Enables
High Audio and Video Quality

All Algor Live Web Courses are broadcasted in three band-
widths with top quality audio to reach viewers on all types of
Internet connections from 56k modems to cable modems
and T1 lines.

Algor has made a significant investment in webcasting
technology to produce Web Courses of the highest possible
quality at any bandwidth. High-technology production tech-
niques show the details of Algor software in use at any
bandwidth.

FREE SAMPLE: To sample Algor's Web Course technique
at no charge, tune into one of our free public Webcasts
available at www.algor.com/webcast that showcase live
demonstrations of Algor software capabilities. By calling in,
engineers can participate in the live demonstration by having
Algor engineers respond to their questions. The Webcasts
are then made available for replay after the live broadcast for
a personal screening at any time. Visit our web site for a list-
ing of upcoming Webcasts and Webcast Replays.

Algor’s Web Courses have qualified for Professional

Develogment Hours (PDH) within those states that

have Continuing Professional Competency (CPC)

requirements as a condition of license renewal
for Professional Engineers.

The streaming video format used for all web broadcasts is designed for Microsoft Windows Media
Player. Since most of Algor's customers operate on the Windows 95, 98, or NT platforms, using
Microsoft tools such as Windows Media Player and Internet Explorer 4.0 or higher offers maximum com-
patibility, reliability and through-put. The /atest version of Windows Media Player can be downloaded at
no charge from our web site or at www.microsoft.com.

Email questions before or during a Web
Course to: webcourse@algor.com. Or phone
your questions directly to an engineer during
the Web Course at: +1 (412) 967-2700 x3014.

For More Information Circle No. 5190r Visit www.nasatech.com/Algor3
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SITE OF THE WORLD’S FINEST
ELECTROMAGNETIC SIMULATION
SOFTWARE

NTEGRATED
NGINEERING SOFTWARE

204-632-5636
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PRODUCT OF THE MONTH

Compaq Computer’s new
Deskpro AP240 workstations
bridge the gap between high-end
and entry-level workstations.

In this impeller image, iso-surfaces of flow
speed (based on the relative frame of
reference) show blockage within the main
channel — the iso-surfaces are colored by
pressure. Streamlines, seeded on the blockage
region, show recirculation patterns around the
blocked passage. The simulation was created
with FIELDVIEW 6 visualization software from
Intelligent Light, Lyndhurst, NJ. For more
information on the software, see New on
Disk on page 62.

Image simulation results courtesy of NREC
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We know some other people who don’t have time
to waste looking for the right tool either.

You understand how frustrating searching for the right instrument can be. So does Agilent Technologies
That's why we asked engineers what they wanted from their tools. Before we designed them. Now we
give you the most complete range of high-quality general purpose instruments. That way you can buy
just the performance you need.

In the interest of time, we'll always give you the information you need, when you need it. Specs,
application information, even pricing. Just call us toll-free, or visit our web site. You can even order
online if you like. Or call and talk to another engineer. Just to make sure you get exactly the measure-
ment performance and insight you need. So you'll have time to focus on your engineering challenges
for a change.
=" Agilent Technologies

="2% Innovating the HP Way
1-800-452-4844", Ext. 6733 :

"US Nt prices
©1333 Agert tectmoiogies ADGPPU01/NASATE **in Caneds, call 18778586414, fat 6733

For More Information Circle No. 509




CONVERT
COMPUTER
GRAPHICS

Up to
1600 x 1200
pixel input

Analog output/
NTSC and PAL,
S-Video,

Y,P,, P, RGB

Digital output/
CCIR 601

Selectable
flicker filters

Autosync

Video overlay
Pan & zoom
RS-232 control
Full 24-bit color
Genlock

Simple external
connections

WE GIVE YOU
MORE REASONS
TO CHOOSE
RGB/VIDEOLINK®
SCAN CONVERTERS

Now you can transform computer graphics
and other signals to broadcast standard
video with RGB Spectrum'’s line of video
scan converters.

RGB Spectrum, the leader in professional
quality video scan conversion has designed
the RGB/Videolink scan converter with a
unique combination of quality and features
to satisfy the most demanding user.

Visit our web site hitp://www.rgb.com

RGEB SPECTRUM?®
a visual communications company
950 Marina Village Pkwy
Alameda, CA 94501

TEL (510) 814-7000

FAX (510) 814-7026
E-mail: sales@rgb.com

For More Information Circle No. 406
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Sealing and Bearing Solutions
Turcon® Varilip® the High-performance Rotary Shaft Seal

Combinations of high speed, high
temperature and/or high pressure, cause
conventional rubber-lip seals to wear out
prematurely or fail suddenly. While a single
requirement such as low friction may
restrict the use of rubber lip seals,
applications that combine several extreme
operating conditions virtually eliminate the
successful use of elastomeric seals.

Turcon® Varilip® rotary shaft seals, made
from high-performance polymers, offer an
alternative to rubber lip seals for these
difficult applications. In addition, higher
performance and increased efficiency are
now possible due to the Turcon® Varilip®.

The Turcon® Varilip® offers universal
chemical compatibility, exhibits very low
friction, operates above 12,000 sfpm and
produces leak-tight sealing. These seals are
available in standard inch nominal and
metric sizes in addition to a vast range of
custom sizes and configurations.

For an extra measure of performance and
reliability in difficult operating conditions,
without the problems of degradation,
embrittlement and premature wear, the
Turcon® Varilip® is a very effective
alternative to rubber lip seals.

Busak+Shamban, 800-767-3257.

For More Information Circle No. 531

For applications that run at high
pressures, temperatures, and
speeds, in aggressive media
or other extreme conditions,
Turcon® Variseal™ should be
your first choice for engineered
sealing solutions.

Spring-energized  Turcon®
Variseal™ seals last longer, seal
tighter, and have much lower
friction than typical seals.

TURCON® VARISEAL"

For sales and technical
assistance please call:

800-767-3257

www.busakshamban.com

SEALS THAT GO TO EXTREMES

 Vacuum to above 100,000 psi

e Temperatures from cryogenic
to above 575°F

 Universal compatibility with
aggressive media

e Low friction Turcon® with a
coefficient (C) down to 04

e Dry running with no
lubrication required

e Variety of spring loads for
exact force and torque

Busak+Shamban

For More Information Circle No. 533

Three spring-energizer
designs make the Turcon®

Variseal™ more versatile.
With a choice of three spring-energizer
designs, engineers can now specify seals
optimized for virtually any application.
Inserted in a Turcon® engineered-
polymer jacket, these springs permanently
energize the Variseal™ to maintain a
positive seal over a long operating life.
Each of the three designs—the Helical, “V”
and Slantcoil® Springs—offer decisive
advantages for a variety of applications.

@F
c ;%nﬁr V-Spring
@ W Slantcoil®

Choosing the right spring is a critical
step in the design process. The Helical
Spring applies the highest unit load,
making it an excellent choice for static and
slow-speed reciprocating applications. For
high-speed reciprocating, or moderately
fast rotary applications, the V-Spring is a
better choice. This spring is also used for
applications with abrasive environments
where superior scraping is critical.

The Slantcoil® Spring, which is designed
for both rotary and reciprocating service,
is unique in that its spring force is virtually
constant over a wide deflection range.
Because it compensates for tolerances in
the gland and for wear, it helps to ensure
an exceptionally long operating life.

All three spring designs are available in
a wide variety of sizes, spring loads and
metal alloys to match the needs of each
applications precisely.

Busak+Shamban, 800-767-3257.

For More Information Circle No. 532
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NASA industries. A key mechanism in identifying commercial applications for this technology is NASA's
Commercial national network of commercial technology organizations. The network includes ten NASA field cen-
Technology ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center
Team (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’s Technology Sources NASA Program Offices

If you need further information about new technologies presented in NASA Tech Briefs,
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.

At NASA Headquarters there are
seven major program offices that
develop and oversee technology pro-
jects of potential interest to industry.
The street address for these strategic

3."'" Research glc::hd:::d S'I:m Jc:hmn:ron Space 'é“',l" Research :?f:ncl‘l n-':nm business units is: NASA Headquarters,
nter enter enter g er :
Seiadsiivne | Selssiadipcing-  Siissiadtecino. Selecied i8ihno- | Gelciediscnno. D00 &9t SW, Washington, DG 20546.
logical strengths: logical strengths: logical strengths: logical strengths: logical strengths:
Fluid Dynamics;  Earth and Artificial Intelli- Aerodynamics; Materials; g;:lmlm ﬁ;'dm"z;sn:"m
Life Sciences; Planetary gence and Flight Systems; Manufacturing; I tion Resoarch (Code R)
Earth and Science Human Computer ~ Materials; Nondestructive SBIR) & 2) 358-4711
Atmospheric Missions; LIDAR; Interface; Structures; Evaluation; ;’W"r'n"uil (20 f) !
Sciences; Cryogenic Life Sciences; Sensors; Biotechnology; Tma ' ness g_johnson@aeromail.
Information, Systems; Human Space Measurements; Space echnology Transfer hq.nasa.gov
Communications,  Tracking; Flight Operations;  Information Propulsion; Program (STTR) Bill Smith
and Intelligent Telemetry; Avionics; Sensors;  Sciences. Controls and (202) 358-4652 Offce of Space Sciences
Systems; Command. Communications.  Dr. Joseph S. Dynamics; cray@mail.hg. (Code )
Human Factors.  George Alcom  Hank Davis Heyman StuctlSt Pl (202) 358-2473
Carolina Blake (301) 286-5810 (281) 483-0474 (757) 864-6006 Microgravity st (U
(650) 604-1754 galcom@gsfc. hdavis@gp101jsc.  j.s.heyman Processing. Dr-Robort Honudad © - bo.nagagov .
cblake@mail. nasa.gov nasa.gov @/arc.nasa.gov Sally Little Oﬂha of Abeinabin ud 9
arc.nasa.gov (256) 544-4266 Space Transportation Roger Crouch

Jet Propulsion Kennedy Space sally.little@msfc. Techal Code R Office of Microgravity
Dryden Flight Laboratory Center John H. Glenn nasa.gov logy ( ) Science Applications
Research Center Selected techno-  Sejected techno-  Research Center (202) 358'23207 (Code U)
Selected techno-  logical strengths: logical strengths: at Lewis Field g thg (202) 358-0689
logical strengths: ~ Near/Deep- Command, Selected techno-  Stennis Space nasR.gov rerouch@hq.nesa.gov
Aerodynamics; Space Mission Control, and kgical strelngths: c'med ey i
Aeronautics Engineering; Monitorin ropropuision;  Selected techno- ;50 Mulcah
Flight Testing; Microspacecraft;  Systems; gRange Communications; logical strengths:  gyeq of Spacz Flight m:lbmm'c: to
Aeropropulsion;  Space Systems, Fluids 0¥ Py (Code MP) Planet Earth
Flight Systems; ~ Communications;  and Fluid Technology; Systems; (202) 358-1401 b
Thermal Testing;  Information Systems; Materials ~ High Test/Monitoring; imulcahy@mail ( 328
Integrated Systems; Evaluation and Temperature Remote Sensing; Ih o - (202) 358-0706
Systems Test Remote Sensing;  Process Materials Nonintrusive i gpaules@mitpe.hq.
and Validation. Robotics. Engineering. Research. Instrumentation. nasa.gov
Lee Duke Merie McKenzie ~ Gale Allen Lany Viterna Kirk Sharp
(805) 258-3802  (818) 354-2577 (407) 867-6226 (216) 433-3484 (228) 688-1929 y
lee.duke@dfrc. merle.mckenzie®  gale.allen-1@ cto@ technology@ NASA's Business Facilitators
nasa.gov ccmail jol.nasa.gov  ksc.nasa.gov gre.nasa.gov ssc.nasa.gov

NASA has established several organi-
zations whose objectives are to estab-
lish joint sponsored research agree-
ments and incubate small start-up
companies with significant business
promise.

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 All Dr. William Gask Gary S Chris Coburn Weyha . ooy e e
en r. William Gasko ary Sera ri uri

National Technology Center for Technology Mid-Continent Great Lakes Industrial %::'::t::‘::: oy ::)“llel:n:::::il::l.lozl:t?xn
Transfer Center Commercialization Technology Transfer Technology Transfer Cleveland. OH Center
(800) 678-6882 Massachusetts Center Center g

Technology Park Texas A&M University Battelle Memorial (216) 586-3888 San Jose, CA

(508) 870-0042 (409) 845-8762 Institute . ) (408) 557-6700
Ken Dozier (440) 734-0094 B. Greg Hinkebein
Far-West Technology J. Ronald Thornton Lani S. Hummel Mississippi Enterprise =~ Marty Kaszubowski
Transfer Center Southern Technology Mid-Atlantic Technology for Technology Hampton Roads
University of Southern  Applications Center Applications Center Stennis Space Technology Incubator
California University of Florida University of Pittsburgh Center, MS (Langley Research
(213) 743-2353 (352) 294-7822 (412) 383-2500 (800) 746-4699 Center)

Hampton, VA

NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at
http://nctn.hq.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.

(757) 865-2140

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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Zip* by lomega® ]
Zip, the new go-anywhere drive and
disk from lomega, ambushed the market
and sent the white flags g. The kicker?
Landmark capacity, in a thin-wall assembly,
at a near-imperceptible price. The plastic
stout CYCOLOY® resin from GE

Competition acurve to g, A
eg,
e~

Everyone wants what nobody saw coming. That’s why
you can’t just break the mold. You have to shatter it-
with fresh ideas that drive out costs, that ignite colossal
process improvements, that boldly move new products to
market faster than ever before. This is the curve that can
become your edge. And with more resources and resins
than any plastic supplier on Earth, we can’t wait to help
you sharpen yours. E-mail web.feedback@gep.ge.com.
Visit www.geplastics.com/zip. Or call us for more
information at 1-800-845-0600.

GE Plastics
We bring good things to life.

rademarks of lomega Cor

jemark of General Blectne

For More Information Circle No. 575



Genius . (Get Tecplot,

and your boss

ViSi()nary y will be calling
Superhero.

Tecplot

Version 8.0

Tecplot empowers scientists and engineers to
communicate more effectively via the Internet
with new options for publication and
collaboration. Tecplot allows you to:

® Access remote data
e Create presentation-quality plots

® Publish your research directly fo the

web

® |Interface with industry standard
data formats

Splendid graphics. Astounding presentations.
And so easy to use. Get Tecplot 8.0, you'll feel
like o genius.
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Maneuver Py Comparison st 12.000 Feet
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1.800.763.7049

Download a free demo today ot www.amtec.com

“Excellent. | hove been using Tecplot for nearly all
of my presentation plots for the last 5 years.” -
Richard Cohn, Air Force Research Laboratory
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AMTEC ENGINEERING, INC.
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Reader Forum

Reader Forum is devoted to the thoughts, concerns, questions,
and comments of our readers. If you have a comment, a ques-
tion regarding a specific technical problem, or an answer to a
question that appeared in a recent issue, send your letter to the
addvress below.

Your July issue featured a Reader Forum letter from Mark
Kane requesting information on purchasing a small sheet of
tungsten for an enameling kiln. A good place to start may be
with a company called Goodfellow in Berwyn, PA, which man-
ufactures standard and precision-cut metal and steel sheets,
rods, and tubes. They can be reached at 1-800-821-2870, or
on the Web at www.goodfellow.com.

Arthur Lahey
RuMar Mfg. Corp.
Mayville, Wi
414-387-2104

| have not been able to find radiation resistance data on
Kevlar® fiber. | would appreciate any assistance.

Norm McFadden
norman_r_norm_mcfadden@rl.gov

(Editor’s Note: Norm, Kevlar® is a manmade organic fiber
developed by DuPont®. Information on the fiber can be found
on the DuPont website at www.dupont.com; or;, you can con-
tact DuPont's Corporate Information Center at info@dupont.
com, phone: 1-800-441-7515.)

I need to obtain information regarding an instrument to
measure the yolk temperature of a chicken egg. Preferably,
measurement would be done while the egqg is traveling on a
conveyor moving at about 25 fpm, and while it could be con-
tained within a “pocket.” | am looking for a non-contact sen-
sor — one that would not require physically penetrating the
shell. Output could be digital or analog, and could be a simple
display, or sent to a PC or PLC. An alternative would be a sen-
sor that would require removal of the egg manually. Thanks
for any information you can provide.

Richard Koch

FPS Food Processing Systems
Lancaster, PA
rikoch@fpsusa.com

Post your letters to Reader Forum on-line at:
www.nasatech.com or send to: Editor, NASA Tech Briefs,
317 Madison Ave., New York, NY 10017; Fax: 212-986-
7864. Please include your name, company (if applica-
ble), address, and phone number or e-mail address.
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R 111 &.’ SOME FEATURES ARE SIMPLY INHERENT, as is the case with the new Kingston® Rhino®/R
fixed and removable storage enclosures. Just like Kingstons rugged “Rhino” product line,
RhinoJR products are platform independent and constructed of sturdy metal. Nearly as tough, and of course,
just as good looking, RhinoJR enclosures support fixed or removable implementations for todays fastest drives

RHINOJR REMOVABLE ENCLOSURE RHINOJR FIXED ONE BAY ENCLOSURE

e Supports AT/IDE or SCSI Wide and Wide Ultra Devices o Supports 3.5" SCSI 1, 2, 3, Ultra and Ultra2(LVD) Devices
® (2) Auto-Sensing Cooling Fans with Audible Alarm e Auto-Ranging 40 Watt Power Supply

o 7-Segment SCSI ID and Drive Activity Display o Highly-Rated, Low-Noise 22.1 CFM Cooling Fan

e Power-On/Fan Failure LED e Drive Activity and Power-On LEDs

e Handle Assisted Carrier Eject and Key Lock e Includes All Drive Mounting Hardware

Call Kingston today at (800) 259-9370 to find out how you can adopt your very own RhinoJR. Ki!!%)t.‘o)!iv

STORAGE PRODUCTS DIVISION
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comraTaLt

m Kingston Technology Company. 17600 Newhope Street, Fountain Villey, CA 93708, USA (714) 438-1850, Fax (T14) 438-1847 © 1999 Kingsion Technology Campany All rights reserved
‘ All trademarks and regissered tradermarks are the property of thesr respective owners.
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UpFront

PRODUCT OF THE MONTH
.. i .
=

" ompaq Computer Corp., Houston, TX, has intro-
duced the Deskpro AP240 professional workstations,
designed to serve as a bridge between the company’s
high-end Deskpro units and entry-level workstations.
The desktop and mini-tower systems feature single Pentium III
600EB and 733-MHz processors in the Rambus-memory-based
models, and single Pentium III 700-MHz processors in the
SDRAM-memory-based models. The Rambus-based models
also feature Intel’s 820 chipset, maximum memory of 1 GB, 5
slots and 4 bays in the desktop model, 8 slots and 5 bays in the
mini-tower model, 9-GB wide ultra2 SCSI standard drive, and a
40X CD-ROM. SDRAM models offer Intel’s 440BX chipset,
maximum memory of 768 MB, and a 32X CD-ROM. The
systems offer 2D and entry-3D graphics.

For More Information Circle No. 744

New Device “Sees”
Beneath Skin

ASA’s Langley Research Center in Hampton,

| W VA, has signed agreements with two medical
centers to use NASA virtual reality technology to
manage diseases. Studies will begin at the Strelitz
Diabetes Research Institutes of the Eastern
Virginia Medical School in Norfolk on patients with
diabetes. Studies at the Behavioral Medicine
Center at the University of Virginia Health
Sciences Center in Charlottesville will follow
patients with other circulatory disorders.

Artificial vision technology developed at Langley
to help pilots train to fly in poor visibility can also
aid diabetics at risk for nerve damage. The virtual
reality device allows the patients to visualize and
control the flow of blood to their arms and legs.
Patients will use biofeedback to increase blood
flow. The flow will be measured with sensors
attached to the patients’ fingertips. Skin-surface
pulse and temperature measurements will be used
to create a computer-generated image of what is
happening to blood vessels under the skin.

Diabetes patients will wear a 3D virtual reality
headset for a view of the contraction and expansion
of their blood vessels. Researchers believe that by
enabling the patients to visualize blood flow, it will
help them learn to manage their disease better.

For more information, visit the project web site at
hitp://tag-wane.larc.nasa.gov/tag/index.html.

NASA'’s Intelligent Robot

SCienLists at NASA’s Ames Research Center in California
are developing an autonomous robot to support future
space missions. The size of a softball, the Personal Satellite
Assistant (PSA) will be equipped with sensors to monitor
environmental conditions in a spacecraft, including oxygen,
carbon dioxide, and other gases; the amount of bacteria
growth; and air temperature and pressure. The PSA also will
have a camera for video conferencing, navigation sensors,
wireless network connections, and its own propulsion compo-
nents that will enable it to operate autonomously through
the spacecraft.

The intelligent robot will serve as “another set of eyes,
ears, and nose for the crew and ground support personnel,”
according to Yuri Gawdiak, the principal investigator for
the project at Ames. The little round robot’s compact
design will allow it to operate in the tight spaces aboard the
Space Shuttle’s flight deck and in the International Space
Station modules.

Besides data assistant capabilities, the PSA will also be able
to remotely monitor payloads, especially when onboard crew
members are not available. Another benefit is the ability to
have several PSAs conduct collaborative troubleshooting activ-
ities. At least three PSAs would use formation flying to zero in
on the location of a problem such as a pressure leak or tem-
perature spike.

14 www.nasatech.com

NASA Ames researcher Yuri Gawdiak displays the Personal Satellite
Assistant (PSA), an autonomous intelligent robot designed to support
astronauts on future space missions.

The long-term future goals of the PSA are to support
remote diagnostic operations, and to substitute as necessary
for damaged or nonfunctioning sensors on future spacecraft.
“We hope to launch a Personal Satellite Assistant in about two
years aboard a Space Shuttle, and in about three years aboard
the International Space Station,” said Gawdiak.

For more information, visit the project web site at http://ic.arc.
nasa.gov/ic/psa, or contact NASA Ames at 650-604-3937.
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S/ PatEants

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
for license by businesses and individuals, including these recently patented inventions:

Ground Isolation Circuit for
Isolating a Transmission Line
from Ground Interference
(U.S. Patent No. 5,841,467)

Inventor: Craig A. Davidson,
Johnson Space Center

It is desirable to develop isolation cir-
cuitry for video systems and other wide-
band communication systems that could
be more economically constructed and
housed in smaller packages than is now
the case. The circuit described herein
uses a pair of balanced mixer circuits that
respectively modulate and demodulate a
baseband data signal with a high-frequen-
cy carrier signal of at least twice the fre-
quency. The advantage of this approach is
that the modulated signal can be isolated
using RF transformers, which by compari-
son with video transformers are much less
expensive and much smaller. The base-
band signal is coupled to the low-frequen-
cy port of the mixer circuit, which modu-
lates the baseband signal onto the carrier
frequency supplied by a local oscillator,
and provides the modulated signal to an
RF transmission line. A second matched
mixer circuit couples to the line to receive
the modulated signal at its RF port. The
same local oscillator couples to a port on
the second mixer circuit. The oscillator
signal, which is the carrier signal, cancels
the latter, leaving the baseband signal.

Controlled Thermal
Expansion Coat for Thermal
Barrier Coatings

(U.S. Patent No. 5,863,668)

Inventors: William J. Brindley, Robert
A. Miller, and Beverly J. M. Aikin,
Glenn Research Center

The disadvantages of thick graded ther-
mal barrier coatings in some applications
are twofold. Added coating weight is
clearly a penalty for applications in the
rotating parts in gas turbines, especially
aircraft turbines. Furthermore, thick ther-
mal barriers in high-temperature applica-
tions require the outer insulating layer to
be thick enough to insulate the graded
areas, but again the coating becomes too
thick and heavy. The present invention

provides enhanced thermal fatigue life
through modification of the bond coat’s
coefficient of thermal expansion in tar-
geted regions of the coat’s microstruc-
ture. The coating comprises a first bond-
coat layer of MCrAlX, in which M is a
material selected from a group consisting
of nickel, cobalt, and iron and X is select-
ed from a group of reactive elements such
as yttrium, zirconium, hafnium, and ytter-
bium. A second bond-coat layer compris-
es a MCrAIX matrix in which particles of
a particulate are dispersed throughout,
and is applied to the first coat. In the sec-
ond, M is a material selected from nickel,
cobalt, iron, and mixtures thereof, and X
is again selected from reactive elements.

Integral Ring
Carbon-Carbon Piston
(U.S. Patent No. 5,884,550)

Inventor: G. Burton Northam,
Langley Research Center

In many applications, including en-
gines, aluminum alloy pistons have
replaced steel and cast-iron pistons
because they are lighter. But aluminum
alloys used in high-speed airplane engines
and lightweight diesel engines frequently
fail due to severe thermal loads at elevat-
ed operating temperatures above 600 °F.
Also, conventional pistons fabricated
from steel or aluminum alloy have rela-
tively high coefficients of thermal expan-
sion, requiring a small clearance gap
between the piston and the cylinder liner.
Conventional pistons employ piston rings
to seal the gap against “blow-by” of com-
pression gases. The invention involves the
use of carbon-carbon composites, a pre-
dominantly carbon matrix material rein-
forced with predominantly carbon
fibers. Carbon-carbon composites are
inherently lightweight, maintain their
strength at temperatures up to 1500 °F,
and can be manufactured with low coef-
ficients of thermal expansion, low spe-
cific heat, and tailorable thermal con-
ductivity. Thus the invention’s integral
ring piston — a reciprocating piston
manufactured with a cantilevered seal in
its crown and/or skirt, fabricated from
carbon-carbon composite materials — is
an improvement.

For more information on the inventions described here, contact the appropriate NASA Field
Center’s Commercial Technology Office. See page 10 for a list of office contacts.

www.nasatech.com
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Instrument

Mechanical Desktop® helps Argonne scientists get the curves into the
Quasielastic Neutron Spectrometer.

The Quasielastic Neutron Spectro-
meter at Argonne National Laboratory
in Argonne, IL, is used to observe the
way in which neutrons are scattered by
atoms, so that materials research scien-
tists can study the characteristic motion
of materials on the atomic level. This
gives microscopic-level information on
the mechanics of diffusion, the motion
of magnetic spins, and atomic vibra-
tional and rotational motion. Such
analysis helps scientists learn more
about the inner workings of materials
and provides data not possible with any
other analytical method.

One example is in the area of cata-
lysts, which are in common use by the
chemical industry. Catalysts are used to
speed up and selectively favor the pro-
duction of particular chemicals such as
gasoline and the organic feedstock for a
wide variety of chemical processes,
which are subsequently used to make
materials such as polymers. With the
QENS spectrometer it is possible to
probe the effect of the catalysts on para-
meters such as the rate at which the
reactants and products move around in
the catalysts. Such fundamental mea-
surements aid in the design of more
efficient materials.

Another example is the rate at which
molecules move through clays, which
have slit-like cavities that can adsorb
water and, for instance, organic conta-
minants. Again, neutron scattering on
QENS can be used to characterize the
role of the clay surface and the effect
of remediation processes on the funda-
mental motion of the contaminants,
potentially leading to improved envi-
ronmental remediation techniques.

Many very unusual designs are done

Ila

at Argonne. As Henry Belch, a design
engineer there, put it, “What we build
you would not normally see anywhere
else in the world.” Because the QENS
instrument uses toroidal-shaped crystal

analyzer arrays to direct the path of

neutron beams, “we get some very
complicated shapes,” according to
Belch. These shapes would be virtually
impossible to design and draw without
the aid of 3D modeling and analysis
software. Although the design of the
QENS is quite complex, Belch says they
were able to build it in less than one
year thanks to Mechanical Desktop®
from Autodesk.

From 2D to 3D

Belch serves as the chief design engi-
neer for the Intense Pulsed Neutron
Source Division at Argonne. He came
to Argonne from General Dynamics,
where he designed submarines using
3D modeling techniques. “When I first
came here four years ago, engineers
were using 2D drawings and sketches,”
Belch said. “I began using Mechanical
Desktop after seeing it at a trade show.
It had everything we needed.”

In addition to some very complex
shapes, the QENS instrument has some
very complicated guide tubes and
beams. It requires internal shielding to
protect personnel from neutrons. It has
22 analyzer arms, each of which
includes a crystal analyzer array, a beryl-
lium filter, and a detector bank.
Neutrons scatter off the sample, then
strike the analyzer arrays, which are
composed of highly oriented pyrolytic
graphite. Neutrons that meet the dif-
fraction criteria of the graphite are
redirected and focused toward the

www.nasatech.com

detector bank, thus “analyzing” them
for particular wavelengths. Another way
of understanding the role of the analyz-
ers is to consider them as mirrors that
reflect the neutrons from the sample
into the detectors. These graphite mir-
rors only reflect neutrons with specific
speeds (diffraction), similar to an opti-
cal mirror that only reflects one color
of light.

As Belch explained it, “To create neu-
trons, we direct a proton beam into a
depleted uranium target. As the proton
beam hits the target, large quantities of
neutrons are given off, which are
‘cooled’ or slowed down by making
them go through a container of cold
solid methane at about 20 K—minus
253 degrees Centigrade.” These neu-
trons are then allowed to travel down to
the material that is being studied. They
reflect off atoms in the sample and—
because they have no charge—go
through the electron shell and collide
with the nuclei of the atoms. “Since
neutrons scatter in various directions
based on the structure of the sample,”
Belch said, “we get unique information
that can be used to better understand
these materials and their properties.”

Belch designed the toroidal-shaped
crystal arrays on QENS using
Mechanical Desktop. “If you take an
array and focus it onto a point, you get
some very strangely shaped reflected
neutron beam paths. I used both the
advanced surfacing and solids model-
ing capabilities of Mechanical Desktop
to design the paths and generate shield-
ing, parts, and components.”

Belch reported that some people said
the design was too aggressive. They said
the entire concept was too complicated

Electronics Tech Briefs, December 1999
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and would be impossible to fabricate.
“I used Mechanical Desktop’s interfer-
ence analysis and visualization capabili-
ties to demonstrate the concept. We
could see the results before we built
the instrument, and we proved that it
could work.”

During the course of the project,
Belch says he used every feature avail-
able in Mechanical Desktop.

Inside the Software
Mechanical Desktop software runs on

a Windows 95/96/NT computer plat-

form and combines several important

features:

e Full drafting capabilities of Auto-
CAD, with built-in support for ANSI,
ISO, DIN, and JIS specs. It can pro-
duce drawings such as aligned, ortho-
graphic, isometric, and various sec-
tion views.

NURBS modeling for creating and edit-

ing surfaces, including wireframes.

Assembly modeling that can create

large assemblies containing hundreds

of parts, edit parts in top-down or bot-
tom-up modes, and create mechanism-
like assemblies.

Interference analysis for parts, sub-

assemblies, or the entire assembly.

Solid renderings in full color, including

photorealistic drawings.

Compatibility with industry data-

exchange formats, such as IGES, STL,

SAT, and BMP.

“I used Mechanical Desktop to design the
base instrument,” Belch said. “Since
then we've gone from three crys-
tal arrays to 22 arrays.”

A Mechanical
Desktop
visualization

of crystal

Belch said the software is easy to learn.
“When we first started using Mechanical
Desktop, our engineers and draftsmen
were using an old version of AutoCAD
with someone’s specially developed
menus. They weren’t doing any 3D mod-
eling at all. Fortunately, it didn't take
long to learn Mechanical Desktop, and
now everyone is working in 3D. We have
several licenses, including systems on a
network, and the software is being used
full time.”

Fine Tuning the Design

After proving the basic design con-
cept, Belch began testing and refining.
“We used Mechanical Desktop’s assembly
modeling capabilities to assign materials
to various parts of the instrument and
perform an analysis of the entire assem-
bly. We used a wide variety of materials,
including cadmium, aluminum, several
kinds of polymers, and pyrolitic graphite
crystals. We also did nonlinear stress
analysis using NASTRAN, a high-end
finite element analysis application from
Autodesk MAI partner MSC Software.”

Changes were easy to handle. “If a
change had to be made, the software
updated everything automatically,
including drawings and models,” Belch
said. “Changes are extremely easy
to make with Mechanical
Desktop.”

www.n#satech.com

The instrument includes a large tank and
weighs 3800 pounds. “We did a very detailed
weightand center-of-gravity analysis on the
final version of the instrument, and I was
very pleased to see that the center of grav-
ity was right on and the actual weight
turned out to be within 40 pounds of the
calculated weight.” For a 3800-lb. system,
that is an error of just one percent.

“When the tank and instrument were
installed, it went like clockwork,” Belch
said. “It could not have gone better.”

In all, Mechanical Desktop pro-
duced about 250 drawings and helped
Belch greatly in taking the instrument
from design concept to finished prod-
uct. For his Belch won a
Pacesetter Award, a significant award
given by Argonne in recognition of ex-
ceptional achievement.

For more information, contact Henry
Belch at Argonne National Laboratory,
9700 S. Cass Ave., Argonne, IL 60439-4814;
(630) 252-6061; fax: (630) 2524163; e-

efforts,

mail: hbelch@anl.gov. The QENS instru-
ment was designed and is in use at the
Intense Pulsed Neutron Source at Argonne.
This facility is funded by the U.S. Department
of Energy, BES-Materials Science, under
contract W-31-109-Eng-38.
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High-Power-Density

a transformer-coupling feedforward/feedback control scheme.
John H. Glenn Research Center, Cleveland, Ohio

Dc-to-dc power-converter modules
that operate with input potentials from
60 to 140 V and generate various output
potentials up to 15 V are undergoing
development. Designed specifically for
use aboard planned spacecraft wherein
electric power will be supplied at bus
potentials from 70 to 120 V, these power-
converter modules could also be useful
in a variety of terrestrial applications.
The fully developed versions of these
power-converter modules are expected
to operate at power densities about 33
percent greater than those of currently
available commercial 28-V-input power-
converter modules.

The increase in power density will be
achieved by use of multilayer thick-film
hybrid packaging conceived expressly for
this purpose. This can be explained by
reference to Figure 1, which depicts a typ-
ical state-of-the-art power converter of sin-
gle-layer thick-film hybrid design and a
proposed electrically equivalent power
converter of a two-layer thick-film hybrid
design. In addition to large inductors and
capacitors for storing energy, there is
hybrid circuitry that includes (1) low-
power signallevel control devices con-
nected by ball-type wire bonds and (2)
high-power devices connected by wedge-
type wire bonds. The high-power devices
must be mounted with low thermal resis-
tances between themselves and a heat
sink; therefore, the high-power devices
must be mounted on a substrate in contact
with the floor of the converter housing.

DC-to-DC Power-Converter Modules

Major features include multilayer hybrid packaging

and
eth power
SOURCES
Wedge-Type Wire Ball-Type Wire Bonds
Bonds for b‘@ Power for Ly\w Power

Inductor(s) Thick-Film Hybrid
and (Present

Capacitor(s) State of the Art)

Low-Power (Control,
Inductore fooni L Multilayer Thick-Film
i P
c o High-Power Hybrid Package (Proposed)

Figure 1. The Multilayer Thick-Film Hybrid approach makes it possible to use package volume more
efficiently than does the state-of-the-art single-layer thick-film hybrid approach.

The heatsinking requirement for the
low-power devices is less stringent, mak-
ing it possible to mount these devices on
a substrate not in direct contact with the
heat sink. Taking advantage of this possi-
bility in the proposed two-layer design,
the low-power devices would be placed
on a separate substrate. The high-power
layer would still be mounted in contact
with the heat sink, but the low-power-
device layer would be mounted above the
high-power layer, so that the floor area
occupied by the power-converter circuitry
would be less than it is in the single-layer
design. Thus, for a given power through-
put, the package could be made smaller;
in other words, the power density could
be larger.

Another notable feature of the devel-
opmental power converters is a trans-
former-coupled feedforward/feedback
control scheme (see Figure 2). Hereto-

<3 Power Stage
(Includes Main Power Transformer,
Electronic Switches, and Rectifier Circuitry)

Dilgis
vV

Signal Proportional—|

Primary Bias
Supply | Y i
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Signal to Output Current
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% Voltage ¢ Lo
| Primary PWM |
»-| Control Circuit N Voltage-Error |
/ ) Detection Circuitry |
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Input Voltage e Output Voltage
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Figure 2. This Transformer-Coupled Feedforward/Feedback control scheme offers advantages of greater
reliability and functionality, relative to power-converter control schemes based on optocouplers.
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fore, it has been common practice to
implement power-converter control cir-
cuitry with optocouplers for electrical iso-
lation between input and output sides.
However, optocouplers lack the long-
term reliability required for the intended
spacecraft application. In the develop-
mental control scheme, pulse-width-mod-
ulation (PWM) control of the power sup-
plied to the primary winding of a main
power transformer is effected on the
input side, while sensing of output cur-
rent and voltage is effected on the output
side (the secondary side of the main
power transformer).

Power for the secondaryside control
circuitry is provided from the primary
side through a pulse transformer (distinct
from the main power transformer) excit-
ed at the switching frequency. An error
signal from the control circuitry on the
secondary side is fed back to the control
circuitry on the primary side via another
pulse transformer. This transformer-cou-
pled feedforward/feedback scheme
makes it possible to turn on the sec-
ondary-side control circuitry before turn-
ing on the main power, thereby making it
possible to exert control over the output
during startup and during recovery from
transient short-circuit conditions.

This work was done by Ming Chen of
VPT, Inc., for Glenn Research Center.
For further information regarding VPT and
their standard product line of high-density
dc/dc converters, you can contact them at
(540) 552-5000 or visit their website at
www.vpt-inc.com.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Glenn Research Center, Commercial
Technology Office, Attn: Steve Fedor, Mail
Stop 4-8, 21000 Brookpark Road, Cleveland,
Ohio 44135.

Refer to LEW-16883.
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Acousto-Optic Tunable Filter Spectrometers
AOTFs have several advantages

Spectroscopic instruments

e Wk B B d e W T

Y

over conventional grating-based instruments.
Army Research Laboratory, Adelphi, Maryland

Spectrometers are used for applica-
tions such as chemical analysis, remote
sensing, environmental measuring, and
optical measurements. Most spectrome-
ters utilize prisms and gratings, where
the dispersion of light depends upon
the angle and rotation of the grating.
But gratings and other moving parts are
undesirable in spectrometers because
they cause unwanted vibrations, they
can go out of alignment, and they are
difficult to maintain. In addition, the
spectral range and resolution of tradi-
tional spectrometers are limited.

To combat these disadvantages, elec-
tronically tunable optical filters with no
moving parts were developed using
novel acousto-optic (AO) technology.
These acousto-optic tunable filters
(AOTF) are being utilized in the design
of new spectroscopic instruments as
replacements for conventional grating-
technology-based optical instruments.

Acousto-optics involves the interac-
tion of sound and light in dielectric
material. When sound propagates
through a solid or liquid, compressions
are created in the material that cause
variable refraction of the passing light,
pulling color features from it. Acousto-
optic tunable filters are solid-state elec-
tronically tunable optical filters that
select precise wavelengths by applying
the appropriate RF frequency. Filters
can be used to pass light with either a
single wavelength or multiple wave-
lengths, depending on the RF signal
applied. A high-frequency electrical
signal is converted into an ultrasonic
wave by a piezoelectric oscillator
(transducer) bonded to an AO medi-
um. Sound waves travel through the
medium and diffract light. Compared
to traditional filters, AOTFs offer fast
and agile tunability, and narrow spec-
tral bandwidth selection.

Utilizing AOTF technology, scientists
at the Army Research Laboratory (ARL)
developed acousto-optic-based portable
spectrometers for remote sensing of
chemical and biological agents. The
spectrometers do not have moving parts,
are vibration-insensitive with high-fre-
quency selection sensitivity, and will
allow the user to select a range of colors
in the visible and nearIR spectral
regions. The spectrometers have resolu-
tion high enough to perform real-time
analytical chemical measurements in the
field or on a moving platform.

Electronics Tech Briefs, December 1999

ARL’s spectrometers are compact
and robust, making them useful for
work in the field, as well as in the lab-
oratory. The inventors also developed
a spectroscopic accessory that allows
for more efficient collection of light,
when only a fraction of light can be
collected with traditional systems.
ARL’s spectrometers can be used to

* TEST &

MEASUREMENT

carry out both fluorescence and
Raman spectrosopic measurements
with only minor adjustments to the sys-
tem, which was previously impossible
using only a single system. Whereas
highly trained specialists are needed to
run experiments with traditional spec-
trometers, ARL's devices can be oper-
ated by nonspecialists.
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The AOTF-based spectrometers at
ARL can be used for spaceborne envi-
ronmental monitoring, detection of for-

est fires, underwater monitoring of

gases, water quality monitoring, moni-
toring of contaminants in the ground,
the detection of cancer, drug interdic-
tion, and airport security. They may also

be used to perform real-time process
control and quality assurance in phar-
maceutical manufacturing, paper manu-
facturing, food processing, and optics
and semiconductor manufacturing.

This work was done at the Army Research
Laboratory. For more information, please
contact Ms. Norma Cammarata, ARL’s

Array Detector for Charge-Detection

Mass Spectrometer

Technology Transfer Officer, at 2800 Powder
Mill Rd., AMSRL-CS-TT, Adelphi, MD
20783-1197; (301) 394-2952; fax: (301)
394-5818; e-mail: normac@arl.mil.

Multiple smaller electrodes perform better than does a single larger electrode.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The pixelated array detector (PAD) is
a planar array of complementary metal
oxide/semiconductor (CMOS) charge-
collecting electrodes and readout circuit-
ry for measuring the electric charges on
particles in a charge-detection mass spec-
trometer (CDMS). In comparison with a
single-Faraday-cup detector occupying
the same total area, the PAD offers advan-
tages, as explained below.

The CDMS approach offers a faster,
cheaper alternative to pulsed gel elec-
trophoresis and other techniques for
measuring the masses of a variety of large

molecules (masses > 10° daltons) and
similarly sized particles. Examples of par-
ticles amenable to CDMS analysis include
polymer molecules, bacteria, viruses, and
airborne contaminant particles. Whereas
a typical analysis by pulsed gel elec-
trophoresis takes days, a typical analysis
by CDMS takes minutes.

In a CDMS, a particle to be analyzed is
first subjected to electrospray ionization,
causing it to bear an electric charge as
high as hundreds of thousands of funda-
mental (electron) units. The particle is
then accelerated electrostatically into a

Faraday tube connected to circuitry for
measuring the time of flight of the parti-
cle along the tube. Upon leaving the
Faraday tube, the particle impinges on a
charge-collecting electrode or else enters
a Faraday cup, the electrode or cup being
connected to a charge-sensitive amplifier.
The time of flight through the Faraday
tube is related in a known way to the
charge-to-mass ratio of the particle. Thus,
the mass of the particle can be calculated
from the Faraday-tube time-of-flight mea-
surement and the measurement of col-
lected charge.

SANYO

Let’s keep it simple.
Instead of thinking
about which battery
to spec — just

think SANYO.

SANYO has the right
battery to meet the
cost/performance
criteria for your
application.

So let SANYO do
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area, the capacitance
and electronic noise are
reduced accordingly.

A proposed CDMS
containing a PAD would
include an optional elec-
trostatic deflector, which,
when triggered by the pas-
sage of an ion through the
tubes, would prevent addi-
tional ions from reaching
the PAD untl the PAD
had been read out and
reset. The ion-passage-
induced trigger signal

One Pixel Circuit and part of the circuit common

column is depicted in this abbreviated schematic diagram.

The collection area and thus the frac-
tion of ions collected increases with the
size of the charge-collecting electrode,
but the capacitance and associated elec-
tronic noise also increase with size. This
leads to the basic idea of the PAD, which
is to use a sufficiently large total charge-
collection area to obtain the desired
charge-collection efficiency while appor-
tioning the area among multiple small
electrodes or Faraday cups for measure-
ment of the charge deposited into them.
Because each electrode occupies a small
fraction of the total charge-collection

would also be used to gate
the readout of the pad
to reduce the noise asso-
ciated with collection of dark current.
The time needed to clock the flight of a
single ion and measure its charge should
be no longer than a few milliseconds;
thus, it should be possible to measure a
hundred or more ion masses per second
and to accumulate a complete mass spec-
trum with data on thousands of ions in
less than 30 seconds.

A prototype PAD contains a 28-by-28
array of pixels with a 40-by-40-pm pitch.
The charge-collection electrode of each
pixel is a 36-by-36-pm metal patch on its
surface. Each pixel (see figure) contains

to all pixels in a

a source-follower input transistor, a row-
selection transistor, and a row-reset tran-
sistor. At the bottom of each column of
pixels there is (a) a load transistor, (b)
an output branch containing a sampling
switch (SHS) and sample-and-hold
capacitor (CS) for storing signal levels,
and (c) a similar output branch with a
switch (SHR) and sample-and-hold
capacitor (CR) for storing reset signals.
There are also source followers with a
column-selection switches (COL) at
both ends of each column. The reset
and signal levels are read out differen-
tially, suppressing fixed pattern noise. If
signal levels are read out twice — once
before and once after integrating charge
— then k7TCnoise (where kis Boltzmann'’s
constant, T is absolute temperature, and
C is capacitance) is also suppressed. In
tests, the prototype PAD exhibited a
noise floor of 90 electrons root mean
square at room temperature.

This work was done by Stephen D.
Fuerstenau and George A. Soli of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Electronic
Components category.
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ADVERTISEMENT

OMNETICS
CONNECTOR
CORP.

Omnetics designs and
manufactures a full
line of micro- and
nano-miniature con-
nectors. Standard and
custom single, two-row,
and circular configura-
tions available on
0.025" and 0.050" centerlines. These mil-spec con-
nectors are suitable for applications in military,
aerospace, medical, instrumentation, and test.
Capabilities include prototyping through high-vol-
ume production. Omnetics Connector Corp.,
7260 Commerce Circle East, Minneapolis, MN
55432-3103; Tel: 612-572-0656; Fax: 612-572-3925.

Omnetics Connector Corp.

For More Information Circle No. 490
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For More Information Circle No. 464

Improved Thermoelectric Converter Units

and Power Generators

Rugged, compact TCUs could be used to
provide power or cooling in numerous applications.

Improved thermoelectric converter
units (TCUs) and radioisotope thermo-
electric generators (RTGs) that contain
them have been undergoing develop-
ment for use as small, lightweight sources
of electricity at potentials up to 5 V and
power at levels up to 40 mW. These RTGs
are intended primarily for supplying
power to operate electronic equipment
in outer space or at remote or uninhabit-
able locations on Earth; terrestrial appli-
cations could include monitoring of
nuclear-waste-storage facilities, meteoro-
logical monitoring at polar locations,
deep sea exploration, and monitoring of
geological activity inside volcanic craters
and at underground locations.

In general, a thermoelectric generator
includes a TCU plus a source of heat. In
the case of an RTG, the source of heat is
a radioisotope heater unit (RHU). The
present RTG design is derived partly from
the design of 75-mW radioisotope power
systems that were built for the United
States government in the late 1970s and
early 1980s. The present design also
incorporates some of the concepts report-
ed in “Miniature Radioisotope Power
Source” (NPO-19339), NASA Tech Briefs,
Vol. 19, No. 9 (September 1995), page 60.
The RHU in the present design gener-
ates thermal power of 1 W and is of a
type that has been proven in use aboard
spacecraft to warm instruments that are
sensitive to cold.

Alternatively, the improved TCUs
could be energized by nonradioactive
heat sources, including sources of waste

heat (e.g., household appliances,
power tools, camping equipment),
small burners (similar to cigarette

lighters) that burn hydrocarbon fuels,

John H. Glenn Research Center, Cleveland, Ohio

Figure 1. A TCU Is a Rectangular Parallelepiped
Module containing p- and n-doped pieces of
bismuth telluride in a square array. The cold
side is shown here. The overall dimensions of
the module are 0.291 by 0.291 by 0.9 in. (7.4 by
7.4 by 22.9 mm).

or any of a variety of other sources that
are inexpensive and readily available.
Power supplies based on this concept
could be used to charge batteries or to
operate low-power electronic equip-
ment under emergency or outdoor
conditions, for example. These power
supplies offer an important additional
advantage in that they could function
over wide temperature ranges, includ-
ing temperatures both above and below
the operational temperature ranges of
chemical batteries. The improved
TCUs could also be used as heat pumps
or coolers, especially in electronic
equipment; in comparison with con-
ventional thermoelectric coolers, these
TCUs would be more durable and
could be made smaller.

RHU Capsule Bellville Retaining
Spring Ring
Electrical \ Tie-Wire Capsule-Holder /
Feedthough \ Retainer Ring Cap / /Sprlng»Loadmg
Electronic W ’1.\ \ // Screw
Circuits S W, \ \, \ / /
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Thermopile \
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\/
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Figure 2. A 40-mW RTG would contain a TCU like th
has been used in spacecraft.

www.nasatech.com

at shown in Figure 1, plus an RHU of a type that
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A TCU is a thermopile made from
state-of-the-art thermoelectric materials
— in this case, p- and n-doped, vacuum-
hot-pressed bismuth telluride. The pre-
sent developmental TCU is fabricated as
a module (see Figure 1) that contains an
18-by-18 square array of alternating p-
and n-doped pieces of bismuth telluride
separated by pieces of polyimide film.
Each element of the array is a square
0.015 in. (0.38 mm) wide. The overall
dimensions of the module are 0.291 by
0.291 by 0.9 in. (7.4 by 7.4 by 22.9 mm).
The elements of the array are electrically
connected in series by gold contact strips
on the hot and cold sides. The design hot
and cold junction temperatures are 250
and 25 °C, respectively.

Fabrication of the module involves a
process of stacking, cutting, and restack-
ing pieces of the p- and n-doped thermo-
electric material and polyimide films, fol-
lowed by placing the final stack in align-
ment tooling and vacuum hot pressing
the final stack to bond the pieces togeth-
er. Accurate alignment and proper bond-
ing of the array elements in the stack are
prerequisite for the next step, in which
the gold contact strips are applied by a
photo-masking/deposition process used
commonly in the electronics industry.

Figure 2 is a simplified cross section of
a proposed RTG that would incorporate
the developmental TCU. The RHU cap-
sule would be contained in an aluminum
capsule holder, which would be mount-
ed in contact with the TCU and pressed
against the TCU by tension in four
spring-loaded titanium tie wires. The
RHU capsule would be spring-loaded to
keep it stationary within the holder in
the presence of shock and vibration and
to minimize thermal resistance between
the RHU and the TCU. A thermally con-
ductive electric insulator (made of
boron nitride) would be placed between
the capsule holder and the hot side of
the TCU to prevent electrical short-cir-
cuiting of the TCU. Thermal insulation
for the hot parts of the RTG would com-
prise multiple layers of aluminized poly-
imide film interspersed with layers of
ceramic paper. The interior of the RTG
could be either evacuated or else filled
with xenon.

This work was done by John C. Bass of Hi-
Z Technology, Inc., and Alex Borshcheuvsky of
NASA’s Jet Propulsion Laboratory for Glenn
Research Center.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Glenn Research Center, Commercial
Technology Office, Attn: Steve Fedor, Mail
Stop 4-8, 21000 Brookpark Road, Cleveland,
Ohio 44135.

Refer to LEW-16556.

Electronics Tech Briefs, December 1999

Quick Power
Adjustments

&
L

. "'-4 .

—

are now
this easy.

With the new RIFOCS DWDM turnkey —_—
test system, Available Right Now, - You -—.—! ™
can analyze multiplexers, demultiplexers, -
and other wavelength and polarization-
Get the DWDM results

: 1y -
dependent components quickly and efficiently! YOU need - NOW!

| I*% | The RIFOCS Rainbow DWDM Test System, driven by RIFOCS’
: | fiberNORKS™ software, dramatically reduces measurement time to
‘ | qualify all parameters of DWDM devices, and minimizes user-error. ¥¢

|
\
|
Time is finally on YOUR side!
\
|
i
|

1SO 9001

BIFOCS See us at COTSCON West ‘99; San Diego, CA December 1-2, Booth #206  recorsa

RIFOCS Corp. INT+1-805-389-9800  Fax. INT+1-805-389-9808 » sales@rifocs.com  www.rifocs.com
Shop online Now @rifocs.com

For More Information Circle No. 462

DIN STANDARD
Extruded Aluminum Enclosures

| -
1or 2-piec'e body
44x91 mm

1or 4-pieée body
91x91 mm

Fl

body 67x136 mm

i
3

« Depths 6” or 8” — any depth, 10 or more  Boownso3t
 Clear anodize and black wrinkle-finish powder coat standard
* Lock-in panel-mounts, stands and dividers

« Integral extruded card slots on .200 centers ;

* Parts made to print and component assembly available

Buckeye ShapeForm
555 Marion Road .
» ShapeForm~ Columbus, OH 43207
» www.buckeyeshapeform.com

body 91x184 mm

3 Fax: 614/445-8224

For More Information Circle No. 463 9a



PRODUCT OF THE MONTH

Microcircuit Board Plotter
LPKF Laser
released the ProtoMat® C60 printed circuit board pro-
totyping system. The company says the C60 allows the
production of high-precision microfine prototype
PCBs in the electronic workshop without chemical
etching. The ProtoMat C60 features a variable high-
speed milling/drilling spindle with speeds between
5,000-60,000 rpm. LPKF says the cast construction of
its baseplate guarantees high repeat accuracy (high
resistance against torsion).
pitch circuits of only 100 pm isolation width can be
produced using micro milling tools, and the smallest
possible diameter for drilling is 8 mils.

and Electronics, Beaverton, OR, has

According to LPKF, fine

For More Information Circle No. 751

Production
Safety Analyzer
QuadTech, Marl-
borough, MA, has
added the Guardian
6100 production safe-
ty analyzer to its line of electrical safety test instru-
ments. Designed for fast and easy production test-
ing of medical electronic products, according to
the company, it is the first safety analyzer able to

perform five essential electrical safety tests in one
unit. The instrument can perform AC hipot tests
from 50-5,000 V, DC hipot tests from 50-6,000 V,
insulation resistance measurements over the range
of 100 kQ to 50 G, ground bond testing to 30 A,
and line/earth leakage measurements from 0.1 pA
10 9.999 mA.
For More Information Circle No. 753

Low-Voltage
Power
MOSFETs
The new OMIN-
FET II family of
fully autoprotected

. low-voltage power
MOSFETs from STMicroelectronics, Lexington, MA,
achieves lower conduction losses through reduced on-
resistance, small structural volume, and a high level of
ruggedness and avalanche energy handling capability,
according to the company. The VIPower MO-3 tech-
nology allows a rugged power MOSFET to be com-
bined with on-chip analog and digital circuitry. The
new family has integrated user-transparent clamping
and protection circuits, including linear current limit-
ing, and overvoltage clamp circuitry.

For More Information Circle No. 756

Open-Loop

Current Sensor

F. W. Bell, Orlando,
FL, a division of Bell Tech-
nologies, a Sypris Sol-
utions company, intro-
duces the RS/RSS series
open-loop current sensor family. Bell says that the
RS/RSS series accurately measures AC and DC cur-
rents and provides electrical isolation between the
circuit being measured and the output of the sen-
sor. One package provides nominal current ranging
from 100 to 1000 A and can be panel- or bulkhead-
mounted. The series consists of 14 models support-

ing current-sensing applications ranging from 100
to 1000 A AC/DC with a frequency range from DC
to 25 kHz.

For More Information Circle No. 759
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Nanotopology
Analysis System
The NanoMapper metrol-
ogy tool from ADE Phase
Shift, Tucson, AZ, is a high-
precision  device for
wafer, semiconductor
equipment, and semicon-
ductor device process de-
velopment facilities. Based on the Semiconductor
Industry Association National Technology Roadmap
for Semiconductors, which defines rules to enable
cooperative development of technologies required to
maintain Moore's Law, NanoMapper responds with
design rules down to 0.1 micron. NanoMapper pro-
vides whole-wafer topology data for 200-mm and 300-
mm wafers.

For More Information Circle No. 754

/ Ultrathin Ferrite
RFl Suppressors

FerriShield Inc., New
York, NY, offers a
low-profile ferrite
product group that
includes very thin
styles, minimizing space and weight requirements
in electronic equipment. Six sizes accommodate
flat cables up to 40-conductors and widths up to
2.00 in. (50.8 mm) with impedances between 109
and 245 Q(at 100 MHz) for suppression of interfer-
ence up to 1 GHz while allowing data signals to pass
unimpeded. A series with shock-mount adhesive
foam bases are suitable for thin flex circuits and
SCSI 2 flat cables on 0.025-in. (0.64-mm) centers.

For More Information Circle No. 757

8-Channel Isolated
|g|ta Couplers

Digital Couplers
for Surface
Mount
The 8channel isolated
digital couplers, the
ISO508 (unidirection-
al) and ISO518 (bidi
rectional), from Burr
Brown Corp., Tucson, AZ, are newly available in surface-
mount packages. These couplers are based on the
company’s capacitive barrier technology, which Burr-
Brown says has several advantages over optical cou-
pling: lower power consumption (in a l6-channel
bus, up to 70 percent), reduction in PCB area (up to
80 percent), and lower overall system cost. They have
1500-V rms isolation and input and output buffers,
allowing multiple access to a data bus.

For More Information Circle No. 760

www.nasatech.com

AC/DC Input
Power Supply
Ericsson Components,
Energy Systems, Rich-
ardson, TX, offers the
PLX 5516, a 50-W
AC/DC universal input
power supply designed as a low-cost front end to dis-
tributed power applications in communications, net-
working, computer, and telecom equipment
Available with either 24-V or 48-V output, it uses pro-
prietary enhanced flyback topology that Ericsson says
contributes to the exceptional mean time between
failures of more than 300 years. The open frame
design has a footprint of 55 x 133 mm, achieving
power density for free convection cooling of 3.6 W per
cubic inch.

For More Information Circle No. 752

SMD Test Clip Family
Pomona Electronics,
Pomona, CA, designed its
new Micro SMD Grabber®
test clip family for use in
R&D labs for prototype
desngn and debugging of fine-pitch IC packages.
Three styles are offered, including short- and long-tip
styles for 0.8-mm to 0.5-mm lead pitches and one for
lead pitches as small as 0.3 mm. Pomona says the grab-
bers can be used with virtually any fine-pitch IC,
including QFP, PQFP, SSOP, and TSOP and TSSOP
packages. The company says that the Micro SMD
Grabber’s thin body design allows for side-by-side
stacking for adjacent lead probing. All styles can be
used at frequencies up to 100 MHz and are supplied
with flying leads for logic-analyzer attachment.
For More Information Circle No. 755

Flip-Chip
Bonding System
AnoTech Corp., Haup-
pauge, NY, says that its
FCB-5500 flip-chip
bonding system pro-
vides reel-to-reel load-
ing of flexible sub-
strates and pulse-heated thermal compression bond-
ing for Au-Au, AuSn, and eutectic interconnections.
The company says the FCB-5500 achieves 12-micron
placement accuracy at 3 sigma levels, and its substrate
handling system automatically indexes flexible sub-
strates up to 150 mm in width. Real-time force feed-
back provides programmable control from 30 grams
up to 10 kilograms.

For More Information Circle No. 758

Temperature-
Compensated
Crystal Oscillator
Fox Electronics, Ft. Myers,
FL, introduces the 312BE
temperature-compensat-
ed crystal oscillator (TCXO), designed for portable,
telecom, data, and test equipment applications.
Measuring 7 x 5 x 2 mm, it has a ceramic base and a
metal cover, making it suitable for surface-mount
applications. Frequency range is 12,600-19,800 MHz.
Frequency tolerance at 25 “C is 0.5 to +0.5 ppm, and
frequency stability is -2.5 to +2.5 ppm over the oper-
ating temperature range, which is -20 °C to +75 "C.
Output waveform is a clipped sine wave with a mini-
mum peak-to-peak level of 0.8 V, and input current is
2.0 mA max.

For More Information Circle No. 761

Electronics Tech Briefs, December 1999



1

Vol. 23, No. 12 December 1999 This form expires: May 31, 2000

Fast Fax Information Form

Fax: (413) 637-4343

Fax this form for quickest processing of your inquiry, or use the on-line LeadNet
Service at www.nasatech.com.

Name:

Company:

Address:

City/St/Zip:

Phone: Fax:

e-mail:

Circle the numbers below to receive more information about products and services

featured in this issue.

401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420
421 422 423 424 425 426 427 428 429 430 431 482 433 434 435 436 437 438 439 440
441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460
461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480
481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497 498 499 500
501 502 503 504 505 506 507 508 509 510 511 512 513 514 515 516 6517 518 519 520
521 522 523 524 525 6526 627 528 529 6530 531 532 533 534 535 536 537 538 539 540
541 542 543 544 545 546 547 548 549 550 551 552 553 554 555 6556 557 558 6559 560
661 562 563 564 565 566 567 568 6569 570 571 572 573 574 6575 6576 6577 578 579 580
681 582 583 584 685 586 6587 6588 589 590 6591 592 6593 594 595 6596 697 598 699 600
601 602 603 604 605 606 607 608 609 610 611 612 613 614 615 616 617 618 619 620
621 622 623 624 625 626 627 628 629 630 631 632 633 634 635 636 637 638 639 640
641 642 643 644 645 646 647 648 649 650 651 652 653 654 655 656 657 658 659 660
661 662 663 664 665 666 667 668 669 670 671 672 673 674 675 676 677 678 679 680
681 682 683 684 685 686 687 688 689 690 691 692 693 694 695 696 697 698 699 700
701 702 703 704 705 708 707 708 709 710 M T2 73 74 76 76 77 78 719 720
721 722 723 724 725 726 727 728 729 730 731 732 733 734 735 736 737 738 739 740
741 742 743 744 745 746 747 748 749 750 751 752 753 754 755 756 757 758 759 760
761 762 763 764 765 766 767 768 769 770 TN 772 TI3 774 775 718 777 778 779 780
781 782 783 784 785 786 787 788 789 790 791 792 793 794 795 796 797 798 799 800
801 802 803 804 805 806 807 808 809 810 811 812 813 814 815 816 817 818 819 820
821 822 823 824 825 826 827 828 829 830 831 832 833 834 B35 836 837 838 839 840

WIN A FREE SUBSCRIPTION...

to a new e-mail newsletter from NASA Tech Briefs, featuring exclusive technology and business news as well as
previews of upcoming issues. To qualify, simply complete the survey below and fax this page to (413) 637-4343.
Your response will be kept completely confidential and will be used for statistical purposes only. This survey is
optional and not required to order product information above.

1a. Are you involved in advising, recommending, specifying, or approving the purchase of computer-aided
design (CAD) software for your company? QOYes O No

1b. If yes, do you plan to increase your purchase of CAD software in the next 12 months? QO Yes O No
2. Which of the following types of CAD software do you now use? (checkone) Q2D 0 3D QO Both

3. Please list the names of CAD packages you (or your department) currently use.

4. Please list any additional CAD packages you are considering purchasing in the next 12 months.

0 Check here to receive your free subscription to the new NASA Tech Briefs e-mail newsletter. (Please be sure to
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Il 1aunch Control Systems Upgraded

With Real-Time Graphics Software

SL-GMS graphics toolkit
SL Corporation

Corte Madera, CA
415-927-1724
www.sl.com

Some of the technology installed in NASA’s Kennedy Space
Center’s (KSC) Launch Control Center (LCC) in Florida dates
back to the early days of the U.S. space program. As a result,
NASA has begun an effort to modernize critical launch control
systems with an eye toward safety, ease of use, upgradability, and
cost-effectiveness.

The LCC, located three miles from the Space Shuttle launch

pads, contains three firing rooms, each organized into clusters of

computers. From these consoles, NASA engineers issue the com-
mands that prepare the shuttles for launch.

Traditionally, engineers in the LCC have relied on custom
software written in Ground Operations Aerospace Language
(GOAL), which runs on custom Modcomp-based consoles. In
this system, graphic images bear little resemblance to the actu-
al systems being monitored. Launch engineers must wade
through many screens of textual information in order to mon-
itor critical data.

In 1996, NASA set out to improve the quality of the informa-
tion being displayed to the launch teams. The initial focus was a
production evaluation to identify the best tools to fulfill the
requirement for more sophisticated, real-time graphic displays.
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Factors in the selection process included cost and maintenance.
SL-GMS was selected as the graphics toolkit for building the new
frontend, real-time graphics displays. The software runs on a

variety of computer platforms and operating systems, including
RISC, Alpha, UNIX, and Windows NT.

Developing Displays

The graphics systems are housed in an operator console
with a standard keyboard and mouse. The new computers
are primarily UNIX workstations connected by a high-capac-
ity Ethernet to data distribution computers. Monitor-only

18 www.nasatech.com

data is provided to office workstations located throughout
KSC, other NASA centers, and supporting facilities across
the country.

The new graphics displays provide launch engineers with a
realistic view of system status. Custom graphics displays are
built using a menu-driven graphical editor, which allows
dynamic properties to be associated with graphical objects.
The graphical attributes then can be associated with the cor-
rect driving data point. The completed model is then saved
to disk and checked into a revision control system. A runtime
application loads the necessary graphics and links them to
real-time data. New displays have been built to monitor

and control systems such as tanking, vehicle health, and pay-
load readiness. Not only does the new system alert operators
of alarm conditions, but it also shows them the location of
the problem.

The system upgrade includes functions such as data acquisi-
tion, validation, transmission, conversion, and distribution. In
addition to monitoring, command functionality has been
developed, which facilitates the control of hardware compo-
nents such as pumps and valves. The graphical user interface
built with SI-GMS provides active graphic representations of
launch system components.

From Simulation to Launch

Testing and training missions benefit from using the same
graphics as the actual launch control system. Simulated
launches can be conducted using historical or simulated
launch data. Hypothetical scenarios can be created to train
launch center personnel and test the effectiveness of new
graphical components.

Launch activities produce a flood of data. With the new sys-
tem, all data is time-stamped at a data collection gateway, and is
broadcast to a data distribution processor. Data then can be dis-
tributed to the LCC engineering groups, and can be accessed
from related centers, such as Mission Control in Houston.

The modernization program is expected to boost the pro-
ductivity of the NASA engineers involved in the launch
process. The program also will improve the technologies
involved in check-out and launching operations so that the
shuttles can safely continue well into the 21st century.

For More Information Circle No. 742
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@ Commercialization Opportunities

Imaging System With TDI and a
Two-Axis-Scanning Mirror

In this telescopic imaging system, the
use of a scanning mirror makes it un-
necessary to rotate a relatively massive
telescope. Two versions of the system
were developed based on the same opto-
mechanical design principles. Each ver-
sion offers unique advantages.
(See page 30.)

NSUTCQ: an Alternative
Image-Compression Algorithm
This algorithm could be especially
useful for remote viewing of med-
ical images. In telemedicine, a diag-
nostician could quickly view images
and then request reconstruction of
a more detailed view of a region of
interest.
(See page 36.)

Circuit Detects Pyrolysis
of Polyimide Insulation
on Wires

An electronic circuit has been de-
signed as a prototype of a device that
determines whether critical electrical
systems have been compromised. Cir-
cuits like this one could be beneficial
in spacecraft, military and commer-
cial aircraft, and in the nuclear power
industry.
(See page 40.)

Optically Transparent Patch
Antennas

These antennas can be mounted on
windows of buildings and vehicles, on
computer monitors, on solar photo-
voltaic panels, and on other convenient
supports, without the use of separate an-
tenna-supporting structures.
(See page 40.)

Sputter Deposition of Catalysts
for Fuel-Cell Electrodes
Sputtering is cheaper and more
amenable to mass production. Earlier
methods of deposition, using ink and
decals, were more wasteful of expensive
catalytic electrode metals.
(See page 46.)

Organic/Inorganic Coats for
Packaging of Microelectronics
Composite organic/inorganic coat-
ings protect flipchip assemblies at a
fraction of the cost of conventional her-
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metic packaging. These thin conformal
coats are alternatives to heavier, bulkier
hermetic packages.

(See page 46.)

Boundary-Layer Rake of Pitot
Tubes for Flight Testing

Results of tests show that this rake
exhibits good aerodynamic perfor-

mance and that it is operationally
rugged, thanks to a curved rake body
— a feature that makes it possible to
cluster the pitot tubes in the near-wall
region more densely than in conven-
tional rakes.

(See page 48.)
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inreview

Algor for Finite Element Analysis

Steven S. Ross

Welcome to Algor 12, the third stage
in the development of finite element
analysis. Young engineers might not re-
alize it, but the whole concept of finite
element analysis — where surfaces and
solids are divided into small pieces,
and stresses are analyzed at the edges
where pieces meet — is quite new. It
was invented in the 1950s and not

This shot of a building frame shows, in the
box, the simulation program generated by the
software.

widely used until the 1970s. Even then,

it was not to be depended upon for su-

per-accurate results.

First-generation packages offered a
brute-force way of analyzing stress on
moderately complex components. Sec-
ond-generation packages made FEA in-
terfaces easy enough to use that most
engineers could do FEA, even if they
didn’t know enough to avoid serious
pitfalls.

All through 1999, Algor has been
adding pieces to what amounts to a
third generation: a package that helps
keep designers from making serious er-
rors, most of the time. You still have to
know a lot, to keep from blundering.
But the improvements add up to real
progress. Algor’s Release 12 features:
¢ Superdraw III, an improved drafting

and data-entry package. We found it a

delight to use for defining small assem-

blies, even assemblies with complex
parts. Think of it as CAD with a brain.

* New element types including hydro-
dynamic and kinematic elements for
modeling fluids and solids in relative
motion to larger assemblies.

* A new database that holds variables in
whatever units and numerical for-
mats you wish.

¢ A new Material Library Manager that
allows easy editing and storage of ma-
terials properties.

20

® General von Mises and 3-D viscoelas-
tic material models for nonlinear
analysis (usually, of materials stressed
beyond their yield points). These
techniques take FEA to new levels,
and Algor makes them fairly easy to
implement.
Better tools for generating surface
and solid “meshes” that break com-
ponents into “finite elements” for
analysis in the first place. There’s
even a “no pyramids” option that pro-
vides meshes in transition areas be-
tween parts or different cross sections
without resorting to irregular trian-
gular mesh shapes — ideal for easier
export to third-party packages.

* Due soon is a link between Algor and
most solid modeler CAD software
that supports Microsoft’s COM
(OLE). FEA will show up as a menu
choice inside the modeler, allowing
you to create meshes without convert-
ing the CAD files to a standard inter-
mediate format such as IGES first.
The mesh can then be saved as an Al-
gor geometry file.

How does it all fit together? Remark-
ably well, although you do have to pay
attention. Algor’s system throws off
many different file types; it takes awhile
to get comfortable with what each new
item is, in your project directories. For
this review, I had a ready-made prob-
lem left over from a story I had done
five years ago on the lack of testing of
subway-car wheels by the New York City
subway system. The S-profile wheels
were 700 pounds each, or about 100
pounds lighter than the standard
straight-profile wheel.

Using FEA, mechanical and thermal
stresses on such a wheel are calculated
fairly easily. But because the thermal
gradients (and thus the stresses they
can cause) propagate far more slowly
through the steel wheel than do the
mechanical strains and stress, FEA
packages of the day could not simulate
what would happen to the wheels in ac-
tual use.

I started with a DXF file of the
wheel’s profile, imported it into Auto-
CAD 2000 and swept it around 360 de-
grees in 3D space to generate a model
of the entire wheel. I then brought the
model into Algor and processed it
twice — once for mechanical stress and

www.nasatech.com

once for thermal. I also brought the
profile into Superdraw III and gener-
ated the solid that way, with about the
same result.

Algor’s materials library had the data
I needed on the steel. I had to modify
it slightly for my specs. Algor has FEA
processors for both mechanical and
thermal analysis. And Algor’s new data
entry screens reduced the risk of enter-
ing entirely silly values for the analysis.

In general, everything happens faster,
too. For many problems, for instance,
you will want to model one new part in a
larger assembly. The pieces other than

This shot depicts aalysis of a trumpet.

the one you are modeling can be set up
with the new “kinematic” elements.
Stresses within those parts won’t be mod-
eled — Algor will calculate only the
forces that it generates on the part you
are modeling. The process is intuitive as
you set up the model in Superdraw.

All of this costs anywhere from a bit
under $2,000 to $20,000 or more, de-
pending on your needs. Typically, you
might think of budgeting $10,000 for
software and training materials, and
maybe for an online course, delivered
over the Web. There are versions avail-
able for Pentiums running Windows
95, 98, and NT, as well as some UNIX
boxes. Check the website at www.
algor.com for details. Memory require-
ments will vary, depending on the
speed you want and the operating sys-
tem. Algor recommends at least 32 to
64 MB. We suggest 128 MB as a more
realistic minimum.

Steve Ross teaches journal-
ism at Columbia University in
New York City, where he directs
the science writing program.
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Cast Your Vote for
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Fifth Annual Readers’ Choice Awards

Each month, NASA Tech Briefs’ UpFront editor’s page
features the Product of the Month — a new product with
exceptional technical merit and practical value to our more
than 200,000 engineering and management readers.

This month, we invite you to vote for the one product
among those highlighted throughout 1999 that you feel was
the most significant new product introduced for the engi-
neering community this year. The product receiving the
most votes will be named NASA Tech Briefs 1999 Readers’
Choice Gold Winner for Product of the Year. The products
with the second and third highest number of votes, respec-
tively, will be awarded the Silver and Bronze awards.

Last year’s winner of the Gold Award was LabVIEW Version
5.0 graphical instrumentation software from National
Instruments of Austin, TX.

On the facing page are descriptions of each of the Products
of the Month chosen in 1999. Choose the one product you

feel should receive Product of the Year honors, and cast your
vote in one of the following ways:

* Visit the NASA Tech Briefs web site at www.nasatech.com
and indicate your choice on the Product of the Year ballot;

* Complete the ballot below and fax it to the Editor at:
212-986-7864; or

* Mail the ballot to: Product of the Year, NASA Tech Briefs,
317 Madison Ave., Ste. 1900, New York, NY 10017.

Only one vote per person will be counted. Your
completed ballot must be received by January 28, 2000.
All eligible voters will be entered in a random drawing
to win valuable prizes contributed by past winners of
Readers’ Choice Awards.

The 1999 Readers’ Choice Awards will be announced on
March 13, 2000, during National Manufacturing Week in
Chicago. We'll also list the winners in the April issue of NASA
Tech Briefs, and on our web site at www.nasatech.com.

1999 NASA Tech Briefs Readers’ Choice Product of the Year Ballot

Name:

Company:

Address:

City:

State: Zip:

Phone: Fax:

E-mail:

Check only one box
J January: SGI - 320/540 Windows-based workstations

J February: Visionary Design Systems — IronCAD Version
2.0 CAD software

J March: Hewlett-Packard — HP 16600A/16700A
logic analyzers

A April: StereoGraphics — CrystalEyes Wired
stereoscopic eyewear

J May: Engineering Services Data Unit (ESDU) — ESDU
engineering database

1 June: Parker Hannifin — Spectrum Series couplings
d July: Endevco Corp. — OASIS 2000 sensor interface system

J August: Wolfram Research — Mathematica 4 technical
computing software

1 September: Gage Applied Sciences — CompuScope 1602
A/D converter card

1 October: Spatial - 3Dmodelserver.com web-based
model repair

J November: Invention Machine Corp. — CoBrain knowl-
edge processing database

J December: Compaq Computer Corp. — Deskpro AP240
professional workstations
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SGI, Mountain
View, CA, intro-
duced the 320
and 540 system
visual worksta-
tions, the com-
pany’s first line
based on the Windows NT operating system.
The 320 is a mini-tower workstation that can
be configured with up to two Intel Pentium Il
450-MHz processors, and can support up to 1
GB of memory. The 540 systems are full-tow-
er, quad-capable Pentium Xeon workstations
that can be configured with up to four Xeon
450-MHz processors.

Version 2 of
IronCAD me-
chanical engi-
neering soft-
ware from

- == ==l Visionary De-
sign Systems, Santa Clara, CA, offers drag-and-
drop sheet metal part creation, new object
manipulation functionality, improved 2D profile
creation, and enhancements to its data transla-
tion and surface-to-solid capabilities. Handles,
including SmartSnap®, and a dynamic 3D con-
straint solver, allow users to perform sizing and
positioning operations, regardless of how the
model originally was dimensioned.

Hewlett-Packard, Palo
Alto, CA, offers the
HP 16600A and
16700A Web-enabled,
remote-control  logic
analyzers. The systems
feature Web-server ca-
pability, allowing users to access an HP logic ana-
lyzer over the Internet or through an intranet
using Version 4.0 or higher of Microsoft Internet
Explorer or Netscape Communicator. Users can
check the status of a logic analysis session with-
out being anywhere near the analyzer. PC users
can move data from a logic analyzer onto a
Microsoft Excel spreadsheet.

CrystalEyes
Wired is an
entry-level
stereoscopic
eyewear sys-
tem from
StereoGraph-
ics Corp., San
Rafael, CA, for CAD, mechanical design, and sci-
entific professionals who work with complex 3D
images. The system is designed for Windows NT-
based graphics software users and developers
for virtual prototyping, design, and simulation.
The user plugs the eyewear into a compatible
graphics card.

Engineering Sciences
Data Unit (ESDU) Inter-
national, Englewood,
CO, released the ESDU
database of mechanical,
process, and structural
engineering data items
in electronic format, on
the Internet and CD-
! ROM. The database
contains more than 1,250 data items in 230 vol-
umes. Each volume contains data items covering
a specific engineering problem or component;
data items may be methods, data examples, pro-
grams, or equations.

Ml

The Spectrum Series couplings from Parker
Hannifin, Minneapolis, MN, combine com-
pact size, high flow capability, and lightweight
design for a variety of coupling applications.
The series is available in three material options:
Acetal, PVDF, and PVDF+. The couplings all
feature a push-to-connect design, and have a
variety of port options.

Endevco Corp., San
Juan Capistrano,
CA, offers the
OASIS 2000 sensor
interface system, a
computer-con-
trolled, multi-chan-
nel measurement

B instrumentation
system that provides an interface to a data
acquisition system for a variety of sensors,
including strain gauges, pressure sensors, and
accelerometers. The system incorporates four
cards, which mount into a 16-slot Model 4990
EIA 19" rack.

Mathematica 4 tech-
nical computing soft-
ware from Wolfram
Research, Cham-
paign, IL, combines
calculating capabili-

2o ties with a collection
of visualization and technical publishing tools.
New features include speed enhancements;
direct import and export from over 20 standard
data, graphics, and sound file formats; and
extended HTML and TeX output. The software
supports computations in specified algebraic
domains, and features improved data analysis
functions.

Gage Applied
Sciences,
South Burling-
ton, VT, intro-
duced the
CompuScope
1602 single-
slot, 16-bit A/D and Scope card for the PCI bus
that is capable of dual-channel, simultaneous
conversion rates to 2.5 MS/s. The card operates
in two modes: Memory Mode, with up to 8 mil-
lion samples of acquisition memory; and Real
Time Mode, in which it can stream data to host
memory for up to 1 billion samples of acquisition
memory.

Spatial,
Boulder, CO,
announced
3Dmodelserver.
com, a Web-
based soft-
ware applica-
tion for repair-
ing and improving 3D models. The application
enables the use of models across multiple, het-
erogeneous software applications, making them
more usable in design, analysis, and manufactur-
ing. The service can be accessed using any Web
browser and Internet connection, and can be
updated on a daily basis.

CoBrain knowl-
edge processing
software from
Invention Ma-
chine Corp.,
Boston, MA, al-
lows users to
semantically
process large numbers of electronic docu-
ments from internal and external sources,
including research reports, patents, confer-
ence proceedings, and technical journals. It
extracts and presents an index of technical
documents displayed in a problem-solution
format.

Compaq Computer
Corp., Houston,
TX, introduced the
Deskpro AP240
professional work-
stations, designed
to serve as a bridge between the company’s
high-end Deskpro units and entry-level worksta-
tions. The desktop and mini-tower systems fea-
ture single Pentium Ill 600EB and 733-MHz
processors in the Rambus-memory-based mod-
els, and single Pentium Il 700-MHz processors
in the SDRAM-memory-based models. The
Rambus-based models also feature Intel's 820
chipset, and maximum memory of 1 GB.
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i?— Books & Reports

Updates on
Optical Diagnosis of
Fuel Spray Patterns

A collection of three reports pre-
sents an expanded discussion of the
topic of “Optical Diagnostics of High-
Pressure Liquid Fuel Sprays” (LEW-
16701), NASA Tech Briefs, Vol. 23, No. 3
(March 1999), page 18a. The reports
describe experiments in which fuel
sprays representative of those in liquid-
fueled, high-pressure gas turbine com-
bustors were analyzed by a com-
bination of planar laser-induced
fluorescence imaging, planar Mie scat-
tering, and phase Doppler particle
analysis. The earliest of the reports
(“Fuel Injector Patternation Evaluation
in Advanced Liquid-Fueled, High-Pres-
sure, Gas Turbine Combustors, Using
Nonintrusive Optical Diagnostic Tech-
niques”) was the subject of the noted
prior article.

This work was done by Yolanda R.
Hicks, Robert C. Anderson, and Michelle

Zaller of Glenn Research Center and
Randy J. Locke of Dynacs Engineering Co.,
Inc. To obtain copies of the reports and the
summary document, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Physical Sci-
ences category.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to NASA Glenn Research Center,
Commercial Technology Office, Attn: Steve
Fedor, Mail Stop 4-8, 21000 Brookpark
Road, Cleveland, Ohio 44135. Refer to
LEW-16882.

Time-Parallel Solutions
of Linear PDEs on a
Supercomputer
A paper describes the mathematical
basis and some applications of a class
of massively parallel algorithms for fi-
nite-difference numerical solution of
some time-dependent partial differen-
tial equations (PDEs) on massively par-

This logger has the battery life to last

To Mars and back!

s and tllen some/

. ADH SmartReader Plus 7 features
» 7 voltage and current channels
» +[-0.5% FS accuracy
» Up to 1.5 MB memory
» 12-bit resolution

» Sample rates as fast as 25 readings
per second

» Weighs less than 4 oz
» 10-year battery life (guaranteed)

» Free technical support on our 800
number

» 3-year warranty
» Year 2000 compliant

- P B 3
B N Without data, it’s just an opinion
E For more information on the complete ACR family of data logging instruments, please
i contact us. Telephone: 604.591.1128  Toll free (CDA & USA): 1.800.663.7845
= Bldg 210 - 12960 84th Avenue Surrey BC V3W 1K7 Canada
SYSTEMS INC.

Dealer enquiries welcome!

Downloading information is simple:
Connect an ACR interface cable
to the logger and the Com

port of a PC and run the

ACR software. View data
graphically or statistically.
Loggers are accessible remotely
by modem and can be networked.

Fax: 604.591.2252 » Web: www.acrsystems.com ® E-mail: acr@acrsystems.com i

1698/A

24 For More Information Circle No. 416

allel supercomputers. In a radical de-
parture from the traditional spatially
parallel but temporally sequential ap-
proach to solution of finite-difference
equations, the algorithms described in
the paper are fully parallelized in time
as well as in space: this is achieved via
a set of transformations based on
eigenvalue/eigenvector decomposi-
tions of matrices obtained in discretiz-
ing the PDEs. The resulting time-par-
allel algorithms exhibit highly de-
coupled structures, and can therefore
be efficiently implemented on emerg-
ing, massively parallel, high-perfor-
mance supercomputers.

This work was done by Nikzad Toomarian,
Amir Fijany, and Jacob Barhen of Caltech for
NASA’s Jet Propulsion Laboratory. 7o
obtain a copy of the report, “Time Parallel So-
lutions of Linear Partial Differential Equa-
tions on the Intel Touchstone Delta Super-
computer,” access the Technical Support
Package (TSP) free on-ine at wwuw.
nasatech.com under the Physical Sciences cat-
egory. NPO-19385

€2 Quick Guide to MSAT

A report presents additional infor-
mation on the Mechanical System De-
sign/Analysis Tool (MSAT) computer
program, which was reported in “Pro-
gram for Designing a Mechanical Sys-
tem” (LEW-16710, NASA Tech Briefs,
Vol. 23, No. 9 (September 1999), page
32. To recapitulate: MSAT is a user-
friendly, multidisciplinary software sys-
tem that facilitates and accelerates the
synthesis and analysis of designs of me-
chanical systems. MSAT features a
modular architecture that organizes
design-analysis tasks around object-ori-
ented representations of (1) compo-
nents of an aircraft engine or other sys-
tem that one seeks to design, (2)
analysis programs, and (3) data-trans-
fer links among the components and
analysis programs.

This work was done by HuaHua Lee,
Mark Kolb, and Jack Madelone of General
Electric Co. for Glenn Research Center.
To obtain a copy of the report, “Mechanical
System Analysis/Design Tool (MSAT)
Quick Guide,” access the Technical Support
Package (TSP) free on-line at www.nasat-
ech.com under the Information Sciences
category.

LEW-16888
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@ Forward-Scattering Particle-Image Velocimetry

Using only one line of sight, one can measure three-dimensional velocity.

John H. Glenn Research Center, Cleveland, Ohio

Forward-scattering particle-image velocimetry (FSPIV) is a
technique for measuring velocities in microscopic flow fields as
thin liquid films. As in other particle-image-velocimetry (PIV)
techniques, the velocity of a flow is computed from temporally
changing images of suitably illuminated, neutrally buoyant parti-
cles entrained in the flow. Unlike other PIV techniques, (1) par-
ticles are back-illuminated with coherent or partially coherent
light, (2) a microscope is used to resolve forward scattering of
light from the particles, and (3) all three components of velocity
can be measured from only one line of sight, without readjust-
ment of optics.

Figure 1 illustrates a laboratory setup for FSPIV. Illumination
is provided by a microscope-illumination source equipped with a
wavelength-selective filter. Partial coherence is obtained by clos-
ing the aperture on the illumination source. Microscopic spheri-
cal seed particles of known diameter are suspended in the liquid.
A transmitted-light microscope is aimed through the cell back to-
ward the source and is focused to a suitable depth within the cell.
Forward-scattered light from a particle in the field of view of the
microscope is brought to focus on the microscope image plane

|

o Servers & Workstations

Desktop workstation and server pow ver been so portable or so
rugged with industrial portables from BSI. With a combination of multi-
slot, multi-drive bay design, a large flat panel display and dual Pentium

I11 processor performance, our portables provide you with full-featured

servers and workstations wherever your application takes you. s
Broadax Systems, Inc. I
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to obtain a magnified image of the particle. A charge-coupled de-
vice (CCD) is mounted at the image plane to acquire the image.
The CCD output is digitized, then processed as described below
to extract information about the three-dimensional velocity of
the particle.

Coherent illumination is needed because it makes the forward
scattering of light (including such effects as diffraction from parti-
cles and phase changes in microscope lenses) amenable to analy-
sis. Highly coherent illumination like that provided by a laser re-
sults in speckle noise; partially coherent illumination is preferred
in this application because it can yield diffraction patterns ade-
quate for analysis while generating much less speckle noise.

Figure 2 schemati-
cally illustrates how
images are processed
to extract velocities.
First, a frame of image
data is acquired at a e
known sampling time.
Next, the image of
each particle is sepa-
rated from other par-
ticles. The scattering
pattern for each parti-
cle is analyzed to de-
termine the distance
of the particle, relative
to the focal plane,
along the line of sight.
This aspect of the
analysis involves com-
parisons of the ob-
served scattering pat-
tern with scattering
patterns that have
been computed theo-
retically and/or re-
corded experimentally
for known positions
relative to the focal
plane. The compar-

WLCTTOTTTTTTT TN
Image Plane

Objective and
Other Lenses in
Microscope

isons and the interpo-
lations between known
positions can be per-
formed by neural-net-

Gravity

work software that has
been trained on the
known scattering pat-
terns. Then the com-
ponent of velocity of
each particle along
the line of sight is cal-
culated as the distance
between two positions

Cell Containing
Fluid With
2 Ly Suspended
Particles
M
Condenser
=3 = Lens
e -
% Auxiliary
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Figure 1. A Microscope Resolves Forward
Scattering of partially coherent light from
particles suspended in a fluid. The magnified
image is captured by a CCD.
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Figure 2. Magnified Images of Particles in forward-scattered light are
processed to extract data on three-dimensional velocity.

determined in this way for two sampling instants, divided by
the time between the instants.

The components of velocity in the plane perpendicular to
the line of sight are determined by tracking particle-image cen-
troids as they move across the field of view between successive
frames. The tracking of particle-image centroids as a function
of time is an established PIV practice; techniques for tracking
particle-image centroids as functions of time have been re-
ported in a number of previous articles in NASA Tech Briefs.
An added benefit of FSPIV is that the scattering is centro-sym-
metric so that the centroid is found with high accuracy.

This work was done by Ben Ovryn of NYMA, Inc., and John D.
Khaydarov of Ohio Aerospace Institute for Glenn Research Center.
For further information, access the Technical Support Package (TSP)
Jfree online at wununasatech.com under the Physical Sciences category.

Inguiries concerning rights for the commercial use of this invention
should be addressed to NASA Glenn Research Center, Commercial
Technology Office, Attn: Steve Fedor, Mail Stop 4-8, 21000 Brookpark
Road, Cleveland, Ohio 44135. Refer to LEW-16403.
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ADVERTISEMENT

MICROWAY DELIVERS SUPERCOMPUTER PERFORMANCE IN NT, LINUX AND UNIX WORKSTATIONS

Since 1982, Microway's
products and technical sup-
port have helped users get
more done for less money.
Starting with the concept that
PCs could use more numeric
power, we built a product line
and customer base that is now
worldwide. The mother-
boards and workstations we
design today use Pentium-
and Alpha-based processors
that deliver 20,000 times the
throughput of the 8087s we
started with in 1982,

Microway has been build-
ing Linux Beowulf clusters
since 1997. Our users employ
either PVM or MPI to manage
communications between
processors in clusters from 8
to 200 Pentium or Alpha
CPUs. We design systems

transputers. Following this,
Microway built small super-
computers that featured up
to 20 Intel i860 RISC proces-
sors. The 667-MHz dual
Alpha motherboard, which

your favorite True 64 UNIX,
and OpenVMS systems, yet
also deliver NT and Linux.
And we know how to take care
of special situations, including
rack-mounted industrial-

Micro :

www.microway.com

we currently feature in our
high-end workstations, deliv-
ers 2.6 gigaflops of through-
put. If you have an applica-
tion that is a big-time num-
ber-cruncher or a DSP appli-

cation that needs 64 bits of

precision, you should consid-
er our solutions.

‘i

667MHZ Alpha 21264 Daughtercard

Dual Alpha
21264DP
Motherboard

using 21264 dual Alpha
motherboards, UP2000 dual
motherboards, 21164-LX sin-
gle Alpha motherboards, or
Pentium processors for all
price points.

Our expertise in parallel
processing dates back to the
mid-80s when we were
Inmos’s largest customer for

Microway is known for giv-
ing excellent service. When
you call us, you talk to a com-
petent person. Because we
appreciate the critical nature
of your work, every one of our
products comes with free tech
support for two years. Our leg-
endary tech support makes it
possible for us to configure

grade systems, RAID-con-
trolled hard disk farms, and
high bandwidth interproces-
sor communications
Microway's current soft-
ware product line is
anchored by NDP Fortran,
which is available for
Pentiums and generates
Alpha code for Linux.
Compaq and Intel’s ten-year
agreement insures that the
Alpha 21264 and 21364 will
continue to be performance
leaders in the high-speed
numerics market for years to
come. Intel and Samsung will
manufacture the Alpha,
which Compaq engineers will
design and market. This
means that you can count on
Microway to continue our
tradition of designing state-
of-the-art clusters, mother-
boards, and workstations.
Microway hardware
products have always
been popular with
government, indus-
try, and university re-
searchers. Our i860
powered cards were
used to search for oil,
improve MRI resolu-
tion, do air flow stud-
ies on jet engines,
and help the NASA
SETI project search
for extraterrestrial
life. Microway high-
end Alpha and
Pentium workstations
are currently in use
throughout the US in
major universities and
research organizations
like NASA, NIST,
NIH, Lincoln Labora-
tory, Smithsonian,
and CDC.

Company History
Microway was

founded in 1982 to

help scientists and

For More Information Circle No. 568

engineers take advantage of
the IBM PC. Our first product
was a library, which made it
possible to use an 8087 in a
PC. We bundled our libraries
with 8087s and became one
of Intel’s largest customers.

Our hardware products
included PC accelerators,
coprocessor cards, and moth-
erboards. In 1986, we intro-
duced the first 32-bit Fortran
to run on an Intel PC. The
first PC to hit a megaflop
used a Microway/Weitek
coprocessor driven by NDP
Fortran. Over the years, NDP
Fortran has been used to port
hundreds of popular main-
frame applications, including
MATLAB and ASPEN, to
Intel-based PCs.

Microway's workstations
have been purchased by uni-
versity and NASA laboratories
since 1989. PC Computing
Magazine named our Alpha
system “the fastest Windows
NT workstation on the planet
... the performance leader.”

For move information, contact
Microway, Inc., Research Park,
Box 79, Kingston, MA 02364;
Tel: 508-746-7341; Fax: 508-
746-4678; e-mail: info@microway.
cOM; WWw. Microway.com

Microway 24 Node Linux
Beowulf Cluster



Special Coverage:

Imaging/Video/Cameras

@ Imaging System With TDI and a Two-Axis-Scanning Mirror
A unique optomechanical scanning subsystem offers several advantages.
Goddard Space Flight Center, Greenbelt, Maryland

A telescopic imaging system that in-
cludes an optomechanical scanning
subsystem is undergoing development.
The system is designed for use in scien-
tific observation of the Earth from
aboard a satellite in geostationary orbit.
The basic principles of the optome-
chanical scanning subsystem may also
be applicable to special-purpose terres-
trial optical instruments.

The principal optical component of
the optomechanical subsystem is the
scanning mirror — a flat mirror with
an elliptical cross section. The mirror is
rotated about two mutually perpendic-
ular axes to scan the focal plane of the
telescope in a raster pattern that de-
fines a field of regard that extends
across the surface of the Earth and into
adjacent areas of dark space (observa-
tions of adjacent dark space provide in-
strument background readings that
can be subtracted from Earth-surface
readings). The use of the scanning mir-
ror makes it unnecessary to rotate the
relatively massive telescope to scan this
field of regard, which is wider than the

field of view of the telescope. The use
of a scanning mirror for such a pur-
pose is not new or unique; instead, the
unique aspect of the optomechanical
subsystem lies in some of the particu-
lars of its design.

The system (see Figure 1) is most
readily characterized by reference to a
Cartesian coordinate system. The cen-
tral line of sight of the field of regard is
along the nadir (the z axis). In the first
version of the system, the optical axis of
the telescope is parallel to the south (y)
axis; in the second version, the optical
axis of the telescope is tilted 30° from
the y axis in the y,z plane. The image is
detected on a focal-plane array (FPA) of
photodetectors arranged in rows of pix-
els along the x axis. The along-scan
(east—west rapid-scan) component of the
raster pattern corresponds to motion of
the focal spot along a row of pixels in the
x direction. The FPA-readout scheme is
based partly on time delay and integra-
tion (TDI); this produces a requirement
that the optomechanical-scanning veloc-
ity be constant and equal to the elec-

tronic-scanning velocity so that the
packet of charge from each pixel on the
FPA will correspond to a line of sight to
a single spot in the scene.

The scanning mirror is mounted on
a gimbal with two perpendicular axles.
The outer axle is attached to the tele-
scope body and is parallel to the x axis;
this axle is used to generate the cross-
scan component of the raster pattern
(north-to-south steps between scan-
ning arcs). The mirror is mounted on
the inner axle, which is perpendicular
to the outer axle and is used to gener-
ate the rapid east-west scan compo-
nent. In the first version of the system,
the angle, ©, between the telescope’s
optical axis and the inner axis of the
scan mirror is 45° at the center of the
raster patten, and decreases from
49.35 to 40.65° as the line of sight
(LOS) is scanned from the North Pole
to the South Pole (from +8.7 to -8.7°
elevation at geosynchronous altitude).
In the second version of the system,
the angle © is 60° at the center of the
raster pattern and decreases from
64.35 to 55.65°.

The along-scan compo-
nents of the raster pat-
tern can be described as
a series of predominant-
ly east-west arcs sepa-
rated by small cross-scan
north-south intervals
(see Figure 2). Each arc
is scanned by rotation of
the inner axle at constant
angular speed to obtain
the required constant
speed of scanning of the
focal spot along a row of
pixels. The outer axle is

held stationary during
the motion along each

arc. At the end of each
arc, the outer axle is ac-
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next north-south posi-
tion and the arc at that
position is scanned along
areverse path by rotating

Figure 1. Both Versions of the System are based on the same optomechanical design principles. The second version offers

some advantages over the first version.
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the inner axle in the op-
posite direction.
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Projections of FPA Pixels at Various Scan Positions
N\
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FIRST VERSION

(Home Position of Scanning Mirror at © = 45°)
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(Home Position of Scanning Mirror at © = 30°)

The angular velocity of the LOS
equals the rotational velocity of the
inner gimbal axis, d¥/dt mult-

2s5in(©) decreases on each consec-
utive arc from north to south, so
d¥/dt must be increased from arc
to arc. The image of the FPA ro-
tates so that its TDI axis always co-
incides with the scan velocity, and
its cross-scan axis (the long axis) is
always perpendicular. (Refer to the
top arc in Figure 2.)

The second (30°) version offers
several advantages over the first
(45°) version:
® The angle of reflection is smaller;

consequently, the reflection intro-

duces less spurious polarization.

® The major axis of the mirror el-
lipse can be made shorter, thereby
reducing the mass and angular
momentum of the mirror.

® Rotation of the image (equiva-
lently, rotation of the projection
of the FPA pixels onto the scene)
is less.

This work was done by James C. Bremer

of Swales Aerospace for Goddard

Space Flight Center. For further in-

Jformation, access the Technical Sup-

port Package (TSP) free on-line at

Figure 2. The Earth and Nearby Space Are Scanned in a
series of predominantly east-west arcs separated by
small north-south intervals. By virtue of the different
instrument geometry, the arcs in the second version are

more nearly straight lines.

www.nasatech.com under the Physical
Sciences category.
GSC-14088

@ M-JPEG Video Compression System for
Space-Based Applications

This video-compression/decompression system meets the unique
demands of space-based applications.

Lyndon B. Johnson Space Center, Houston, Texas

An M-JPEG video compression system
has been modified to satisfy the unique
requirements of space-based applica-
tions. [“M-JPEG” signifies the still-image-
data-compression method of the Joint
Photographic Experts Group (JPEG) as
applied to moving (e.g., video) images.]
This ruggedly constructed, modular sys-
tem is compatible with NASA interfaces
and meets Agency requirements for re-
duced size, weight, and power. The M-
JPEG system generates test patterns, en-
ables users to select compression
characteristics and desired output rate,
is inexpensive to modify and upgrade,
and has features that are adaptable to
mission-specific requirements.

Two categories of video compression /
decompression systems are commer-

NASA Tech Rriefs. December 1999

cially available: (1) computer-based
video compression/decompression sys-
tems for multimedia applications and
(2) stand-alone box compression/de-
compression systems for broadcast ap-
plications. None of these systems satis-
fies the requirements for all of NASA's
unique applications. The sizes, weights,
and power demands of commercial
video systems are too high. Commer-
cially available systems also do not pro-
vide compatible interfaces or compres-
sion options that users can select and
control from front panels, and they do
not generate test patterns. Moreover,
most commercial compression/decom-
pression systems are not ruggedly con-
structed or modular in design, many do
not provide adequate video quality, and

www nasatech com
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none is capable of adjustment to any de-
sired output rate. Finally, the cost of
retrofitting any of these systems to sat-
isfy NASA requirements is prohibitive.
To summarize: While the video com-
pression/decompression systems cur-
rently in use satisfy the commercial in-
dustry requirements for which they
were designed, they fail to meet NASA’s
unique requirements for space-based
applications.

The M-JPEG system has been de-
signed to perform functions specific to
space flight. It was modified to enable it
to perform the following functions: digi-
tize a standard SMPTE-170M National

Television Systems Committee (NTSC)
signal using a variety of programmable
color spaces; compress a digital video
signal using an adaptive M-JPEG com-
pression algorithm; enable the user to
select compression modes and thereby
modify compression parameters; packe-
tize the compressed digital video signal
for transport; provide both a fiber-optic
and an electrical [emitter-coupled logic
(ECL)] output interface; receive the
compressed digital video signal, decom-
press the data, and produce an accept-
able version of the original noncom-
pressed digital video signal; and convert
the decompressed digital video to a vari-
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ety of formats for display [e.g., red,
green, blue (RGB), composite NTSC, or
component NTSC (Y/C)]. This range of
capabilities enables NASA to: (1) im-
prove the quality of video transmissions
over that of standard analog video trans-
missions, (2) transmit multiple video
channels within bandwidths previously
needed for one channel, and (3) make
efficient digital recordings of com-
pressed digital video signals and multi-
ple-generation recordings without
degradation.

The M-JPEG video system consists of
two primary subsystems: the onboard
compression system and the ground-
based decompression system. The figure
shows the onboard compression system,
which contains the M-JPEG video en-
coder. This encoder is housed in an an-
odized aluminum case that contains the
printed-circuit boards (PCBs). There are
four such PCBs: (1) a video digitizer, (2)
the M-JPEG encoder, (3) a packetizer,
and (4) the power supply. Many compo-
nents of this subsystem are programma-
ble logic devices; these include an
erasable programmable read-only mem-
ory (EPROM), erasable programmable
logic devices (EPLDs), and a stand-alone
microsequencer (SAM).

The MJPEG video system is designed
to interact with either the high-frame-
rate multiplexer (HRFM) of the Inter-
national Space Station or with a space
shuttle multiplexer. Because of the mod-
ular design of the onboard compression
system, three of the PCBs — the video
digitizer, the M-JPEG encoder, and the
power supply — can be retained in their
original state, while an alternate com-
munication circuit can then be em-
ployed instead of the packetizer to serve
as an interface with another system.

The ground subsystem consists mainly
of three personal computer (PC) ad-
vanced technology (AT) Industry Stan-
dard Architecture (ISA) boards. The
user connects the display circuit to either
ared/green/blue (RGB) NTSC monitor
or to a composite NTSC or component
Y/C monitor, depending on which of the
two display circuits is being used. Several
programs are utilized to initialize the PC
AT boards and run the ground system.
Programs have been written to read the
telemetry data to determine the configu-
ration of the onboard system. The set-
tings of the ground-system boards can be
read to ensure that the proper configu-
rations and frames can be captured
whenever the user wants to import an
image into the ground computer. (The
current file format for imported images
is the Targa 24 image file format.) Be-
cause of the limitations of the PC AT ISA
bus and the enormous amount of stor-

NASA Tech Briefs, December 1999
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age capacity needed to store even a short
video sequence of the required quality,
the system does not allow storage of
compressed motion video data in the
ground computer. The M-JPEG video sys-
tem can be used to provide broadcast-
quality video to an existing analog video
ground distribution system or, prefer-
ably, to a digital video ground distribu-
tion system. Decoding is done at the end
viewing location.

The M-JPEG video is flexible enough
to be amenable to modification] to sat-
isfy a variety of requirements and to suit
various applications. For example, com-
puter interfaces could be changed to
enable the use of the ground-based
components of the system with alter-
nate computers. Inasmuch as the on-
board system is modular, it can be mod-
ified for different interfaces, as for
different communication protocols. A
system currently under development —
the Moving Pictures Expert Group
(MPEG) 2 codec — will incorporate the
video digitizer and packetizer from the
M-JPEG system, but the encoder board
will be replaced with circuitry that im-
plements an alternate compression al-
gorithm.

The Compression Subsystem of the NASA M-JPEG Video System contains the M-JPEG video encoder
plus a video digitizer, a packetizer, and a power supply.

While the concepts included in the de-
sign of the M-JPEG video system are not
new, specific implementations of the de-
sign are new. The combination of existing
techniques and equipment is unique and
satisfies the similarly unique requirements
of NASA’s space-based applications.

This work was done by S. Douglas Holland
of Johnson Space Center. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Electronic Components and Systems
category.

MSC-22744

@ Low-Absorption Color Filters for Flat-Panel Display Devices
Reflected light would be reused to obtain brighter displays.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed technique for color filter-
ing in a liquid-crystal or other flat-panel
display device would make it possible to
brighten the display without increasing
the amount of light supplied from be-
hind the panel. The need for the pro-
posed technique arises as follows: At pre-
sent, each pixel in a typical color
liquid-crystal display device contains
three dye filters: red, green, and blue.
Each filter transmits its single primary
color and absorbs the other colors, so
that less than one-third of the available
light is used for viewing. In addition, the
liquid-crystal display uses polarized light,
so that half of the incident unpolarized il-
lumination is necessarily wasted. The net
result is that less than one-sixth of the in-
cident unpolarized light is utilized. One
does not have the option of increasing
the illumination substantially to brighten
the display because the increase in heat
generated by absorption of light in the fil-
ters could harm the display device.

In the proposed technique, one would
replace the dye filters with surface-plasmon
or interference filters, which are more re-
flective than absorptive. In addition, the fil-
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Surface-Plasmon Filter

Reflector

=] ed
‘ e
P |Green
‘ e
E—-b Blue X

Y

Liquid-Crystal
Display Panel

Figure 1. Light Not Used in the Display at a given location would be reflected by a surface-plasmon
color filter for use elsewhere. In the example shown here, incident ray A would give rise to reflected
ray B, which would be reflected twice by the collimating reflector to become ray C.
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ter and illumination optics would be
arranged so that much of the light re-
flected from the filters would be reused as
illumination. The overall effect should be
an increase in brightness and efficiency.

Figure 1 illustrates this concept as ap-
plied to a liquid-crystal panel back-lit by a
lamp with a collimating reflector. Light
reflected from a color filter on the panel
would return to the collimating reflector,
where it would be reflected twice and
sent to a different location on the panel.
Of course, neither the original light from
the lamp nor the light reflected from the
panel would be collimated perfectly as
shown in simplified form in the figure;
all incident and reflected beams of light
would have some angular spread. This
spread would be beneficial in that it
would make the illumination more
nearly uniform across the panel.

Figure 2 shows a proposed configura-
tion of an in-pixel surface-plasmon color

filter, which would contain long, nar-
row microprisms in odd-numbered
rows and shorter prisms oriented per-
pendicularly to them in even-num-
bered rows. Light that was p- or s-po-
larized to the longer prisms would be
s- or p-polarized, respectively, to the
shorter prisms. Each prism would
pass light of only one polarization
and reflect light of the other polar-
ization. Thus, the polarized light not
utilized in each pixel would be sent
back to the collimating reflector and
redistributed elsewhere on the panel,
where some of it would be utilized in
other pixels.

This work was done by Yu Wang of

Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, access
the Technical Support Package (TSP) free
on-line at www.nasatech.com under the
Physical Sciences category.

NPO-20435

Figure 2. Alternating Rows of Microprisms in a sur-
face-plasmon color filter in a pixel would transmit
and reflect light in mutually orthogonal polariza-
tions. This arrangement would make it possible to
utilize both polarization components of unpolarized
light, whereas heretofore, only one of them has been
utilized.

3 NSUTCQ: an Alternative Image-Compression Algorithm

This algorithm could be especially useful for remote viewing of medical images.
John H. Glenn Research Center, Cleveland, Ohio

No-shift universal trellis-coded quan-
tization (NSUTCQ) is an image-data-
compression/decompression algo-
rithm designed to be especially useful
in telemedicine. Like some other

image-compression/decompression al-
gorithms, this one provides both (1)
lossy compression/decompression for
transmission of most of the information
in an image subject to competing re-
quirements to limit transmission time,
transmission bandwidth, and image dis-

This X-Ray Image of a Hand was digitized and its data compressed by
a factor of 62 before reconstruction. The two regions of interest de-
lineated by white rectangles were compressed by the residual-en-
coding scheme and therefore exhibit sharper detail than do sur-

rounding areas.
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tortion and (2) lossless (or constrained-
loss) compression/decompression for
transmitting the residual information
(the remainder of the information nec-
essary for reconstruction in full detail)
about regions of interest (ROIs) within
images. Thus, in telemedicine, a diag-
nostician could preliminarily view less-
detailed versions of images, then select
ROIs that appear to be significant and
request reconstruction of the fully de-
tailed versions of the ROIs.

The NSUTCQ algo-
rithm is a modified version
of a previously developed
lossy compression/de-
compression algorithm
called “adaptive wavelet/
tization” (“wavelet/UTCQ”
for short). The wavelet/
UTCQ algorithm begins
with the use of a wavelet
decomposition to trans-
form grayscale images
into wavelet coefficients.
The wavelet decomposi-
tion can be followed by an
adaptive subblock classifi-
cation to improve coder
performance. Next, the
wavelet coefficients in the
subblock are quantized.
The quantization sub-
algorithm can be charac-

www.nasatech.com

terized as a highly structured vector
quantizer or as a scalar quantizer with
memory. The quantizer processes the
wavelet coefficients into quantization in-
dices. The quantization process is lossy;
that is, it introduces distortions into the
wavelet coefficients. The goal in design-
ing a good quantizer is to ensure that the
distortions do not seriously degrade the
reconstructed imagery. In the wavelet/

UTCQ algorithm, the quantization in-

dices are adaptively arithmetically en-

coded in an eightstate trellis-coded
quantization (TCQ) scheme.

The NSUTCQ algorithm differs from
the UTCQ algorithm in two major
respects:

1. Changes in the quantizer, involving
codebook structures, probability mod-
els, and other mathematical consider-
ations too complex to be described
here, reduce the sizes of the quantiza-
tion steps. Absolute errors should
therefore be smaller.

2. A subalgorithm that involves a de-
fined error tolerance and binning
with adaptive arithmetic encoding of
residual values for ROIs has been
added. The figure is an example of a
reconstructed image with two resid-
ual-encoded ROIs.

The UTCQ and the NSUTCQ algo-
rithms both have their places in
an image-compression/decompression
scheme in that their capabilities are

NASA Tech Briefs, December 1999
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complementary. The NSUTCQ per-
forms better at high bit rates. An ex-
amination of bit-rate allocations made
by an experimental encoder that im-
plements both algorithms revealed
that low-frequency subbands were
compressed at high bit rates while

high-frequency subbands were com-

pressed at low bit rates. Therefore, it
makes sense to use both quantizers,
l]llm\lll},’ the one that best suits the
wavelet subband being quantized.
This work was done by Jim Kasner of Op-
tivision Inc. for Glenn Research Center.
For further information, access the Technical
Support Package (TSP) free on-line at

www.nasatech.com under the Information
Sciences /1.’/»«\'1”7\_

/u:/un’/r\ concerming rlf,:h/_\ for the commenr-
cial use of this invention should be addressed
to NASA Glenn Research Center, Commercial
Tec 11714'/4[(\’_\ (’//}/z. Attn: Steve Fedor, Mail
Stop 4-8, 21000 Brookpark Road, Cleve-
land, Ohio 44135. Refer to LEW-16667.

¢3 Software for Scanning, Storing, and Retrieving Images

John F. Kennedy Space Center, Florida

An application program for scanning
and storage of images and for retrieval
of the images via the World Wide Web
has been written in the Java program-
ming language to be portable to any
computer and operating system that
support the Java Virtual Machine 1.02.
The program can be run on one com-
puter or spread across three computers:
a client, a server, and a third computer
that stores the image data base. The data
from scanned images are stored in the
TIFF Group IV format and can be re-
trieved in that format or converted to
portable document format (PDF) for
viewing through an Applet interface; the

conversion to PDF is done, on demand,
by a portion of the software that resides
on the server. Although the program
stores files in the TIFF format, it also
supports any other format, and image
data stored in any format are retrieved
in their native form. Once an image is
scanned into the data base, it is immedi-
ately available for retrieval. The program
includes callable interfaces with other
data bases and application programs. It
also provides capabilities for administra-
tion of the image-storage and -retrieval
system.

This work was done by Marie G. Dumoulin,
Elias Victor, Sarah A. LeValley, Carolyn F. Pa-

quette, and Susan G. Corbin of Kennedy
Space Center, and Thomas P. Duerr and

Joseph E. Prevo of Prevo Technologies, Inc.

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

Joseph Prevo

Prevo Technologies

2118 Needle Palm Drive

Edgewater, FL. 32141

E-mail: joe@prevo.com

Refer to KSC-12014, volume and number
of this NASA Tech Briefs issue, and the

page number.

CMIDC

VACUUM PRODUCTS CORPORATION

Circular Gate Valves from 3/4" to 12" port diameters

Rectangular Gate Valves to 1" x 16-1/2" port aperture

MESC Compatible Gate Valves to 46 x 236mm port aperture
Angle Valves from 1/4" to 10" port diameters

Inline Valves from 3/4" to 3" port diameters

UHV All-Metal Angle Valves from 3/4" to 2-1/2"
UHV All-Metal Inline Valves from 1-1/2" to 2-1/2
Precision Leak Valves adjustable to 1x10 * Torr-V/sec

Quick Action Butterfly Valves from 3/4" to 2" port diameters

MDC Vacuum Products Corporation

23842 Cabot Boulevard Hayward, CA 94545

Phone __ 510-265-3500

To learn more about MOC's line of high and ultrahigh Tolfree T
vacuum, stainless steel gate, angle and inline valves.. Building-Blocks e e-mail " sales@mdc-vacuum.com
H ; Web wWwWw.mdc-vacuum.com

call 1-800-443-8817 and request our latest catalog!

38 For More Information Circle No. 412 NASA Tech Briefs, December 1999



$ Special Coverage: Imaging/Video/Cameras

National Instruments, Austin,
TX, has introduced three
PXI/CompactPCl vision
boards for high-speed image
acquisition from analog and
digital cameras. The boards
can be incorporated into
small, modular
and automated test systems.
The PXI-1407 board acquires
images from RS-170 and CCIR
monochrome cameras, and features region-of-interest acquisition,

(()I]lplll(“l‘&

which enables users to acquire a portion of the image.

For digital area and line scan cameras, the PXI-1422 boards feature
16 MB of memory, and can buffer large images and acquire high-reso-
lution images at rates up to 80 MB/s from color and gray-scale cam-
eras. One version of the PXI-1422 is compatible with RS-422; the other
is compatible with the low-voltage differential signaling (LVDS) speci-
fication. Both the 1407 and 1422 feature external triggering, and come
with driver software for configuration with camera equipment.

For More Information Circle No. 735

The CV-500 Series machine vision
system from Keyence Corp. of
America, Woodcliff Lake, NJ, fea-
tures a built-in monitor and con-
troller, and incorporates the Easy
Action System (EASY) to shorten
set-up time by reducing complex
functions to simple commands with
pull-down menus. The system in-
cludes an integrated one-touch con-
troller and a camera that measure
1.2" square.

Other features include 24.5-mil-
lion sub-pixel processing; measure-
ment of OD, ID, pitch, and gap; and
adjustable target angle compensation to correct for target position

variations. Independent processors allow simultaneous use of two
cameras, enabling two images to be processed simultaneously. Built-
in digital image processing algorithms maintain stable image detec-
tion when illumination is reduced.

For More Information Circle No. 736

Cognex Corp., Natick, MA, offers
the BGA 1l machine vision system
for inspecting ball grid arrays for
missing, misplaced, or improper-
ly formed solder balls. The system
can inspect up to 10,000 solder
balls per second, and offers sup-
port for large-format, high-reso-

lution cameras for inspecting
smaller sized, densely populated devices. Included is a software pack-
age that enables users to add other types of vision functions, such as
gauging and surface defect inspection.

The BGA II performs calibration to convert training and measure-
ment parameters from pixels to physical units, and to correct for
camera skew, optical distortion, and scaling. It also features a
Windows-based graphical device description editor that enables users
to train a variety of BGA, flip chip, and chip scale package device
types. The package consists of the machine vision inspection soft-
ware, a Cognex PCI frame grabber, the Windows-based graphical user
interface, on-line documentation, and two calibration plates.

For More Information Circle No. 737

Redlake Imaging, Morgan
Hill, CA, has announced the
MotionScope® PCI high-
speed video capture PCI
card, which records up to
8,000 images per second,
using shutter speeds up to
1/40,000th of a second with
resolution up to 480 x 420 x
8-bit pixels per frame. The
number of images capable of
being stored depends upon the disk space on the PC. The system per-
forms motion analysis in pick-and-place applications.

Manual triggering or optical, acoustic, and other sensors can be
used to control the recording sequence. Playback uses a point-and-
click interface. The system consists of a proprietary monochrome dig-
ital camera head incorporating a solid-state, high-speed shutter, a full-
size PCI board, cabling, and the MotionScope software. It requires a
200-MHz Pentium-based PC with at least 64 MB of RAM, a 3-GB hard
drive, and Windows NT 4.0.

For More Information Circle No. 738

The GP-MF852PT and GP-
MF802 progressive-scan
black and white cameras
from Panasonic Industrial /
Medical Group, Secaucus,
NJ, offer double-speed
scanning, asynchronous
frame reset, and electronic
shutter trigger features.
The GP-MF852PT features
1/60 double-speed pro-

gressive scan operation;

the GP-MF802 offers full-frame progressive scanning.

The GP-MF852PT features reset scanning time at one line, 60 frame
camera functions at double speed, simultaneous-use partial frame
reset, asynchronous full-frame shutter, readout inhibit, and asyn-
chronous reset functions. The camera also offers a 2/3" CCD and
produces more than 500 lines of horizontal resolution in 5 lux at f1.4.
The 1/3" CCD GP-MF802 delivers 480 lines of resolution at 6.5 lux,
and a signal-to-noise ratio of more than 56dB.

For More Information Circle No. 739

Kodak's
Analysis Systems Div., San
Diego, CA, offers the EktaPro
CR Model 2000 high-speed dig-
ital imager, a self-contained

Eastman Motion

unit designed to provide engi-
neers and scientists with a user-
friendly way of recording high-
speed images for video play-
back at variable speeds. It also is
used as a data source for computerized motion analysis. The imager
enables users to record 24-bit color or 8bit monochrome images at

frame rates up to 2,000 frames per second.

A 512 x 384 sensor captures high-resolution images; electronic shut-
tering eliminates motion blurring, and an anti-blooming feature pre-
vents image degradation under intense lighting conditions. The
imager can be operated with an attached handheld keypad, or
remotely from a PC via 100-BaseT Ethernet communications. Digital
images can be downloaded onto a PCMCIA hard drive or solid-state
memory card, or directly to a PC over Ethernet.

For More Information Circle No. 740
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Electronic Components and Systems

& Circuit Detects Pyrolysis of Polyimide Insulation on Wires
This circuit can also be modified to prevent further pyrolysis.

Lyndon B. Johnson Space Center, Houston, Texas

An electronic circuit has been de-
signed as a prototype of a device that de-
termines whether critical electrical sys-
tems have been compromised because
of pyrolysis of polyimide-insulated wires.
This circuit can be modified to prevent
further pyrolysis and to check for indi-
cations of pyrolysis for a wide variety of
load resistances and power supplies. Cir-
cuits like this one could be beneficial in
spacecraft, in military and commercial
aircraft, and in the nuclear power in-
dustry where polyimide-insulated wires
are used.

The device is divided into two main
sections: a pyrolysis-detection circuit
and a potential-pyrolysis-indication cir-
cuit. The heart of the pyrolysis-detec-
tion circuit is an instrumentation am-
plifier that monitors the voltage drop
across a shunt resistor as current flows
through the resistor to a load resis-
tance. If polyimide-insulated wire in
series with the load resistance begins

to pyrolyze, the current through the
shunt resistor begins to increase. If the
current exceeds a preset value (in the
present design, 1.50 A, corresponding
to a pyrolyzed-polyimide resistance
value of approximately 35 Q), then the
instrumentation amplifier puts out a
signal with a potential of approxi-
mately 1.10 V to the inverting input
pin of a comparator. The output po-
tential is set to this level by adjusting a
gain resistor while 1.50 A of current is
flowing through the shunt resistor.
When the comparator (which is con-
figured with a threshold voltage of ap-
proximately 850 mV) is triggered, a
transistor is turned off, thereby dis-
abling a solid-state relay and interrupt-
ing the flow of electrical current to the
load and the pyrolyzing wire.

After the pyrolysis event has passed,
the circuit then tests the pyrolyzed
wires and adjacent wiring to determine
whether any wires are hazardous. This

involves routing the output from a pre-
cise 5-mA current source through the
load and the low resistance of the py-
rolyzed wire. A potential unsafe pyroly-
sis condition is detected by use of an
operational amplifier configured as a
comparator with a trigger threshold
voltage that corresponds to a critical
pyrolysis resistance of approximately
35 Q. After the threshold voltage has
been reached, a transistor becomes
turned on, causing illumination of a
light-emitting-diode display to indicate
the potential unsafe pyrolysis condi-
tion in the wiring under scrutiny.

This work was done by Timothy E. Roth of
Allied Signal Technical Service Corp. for
Johnson Space Center. For further infor-
mation, access the Technical Support Package
(TSP) free online at www.nasatech.com
under the Electronic Components and Systems

category.
MSC-22717

& Optically Transparent Patch Antennas
Antennas on transparent films can be bent to conform to curved supports.
John H. Glenn Research Center, Cleveland, Ohio

Optically transparent patch antennas
have been invented for use in commu-
nication systems at frequencies of the
order of a few gigahertz. These anten-
nas can be mounted on windows of
buildings and vehicles, on computer
video monitors, on solar photovoltaic
panels, and on other convenient sup-
ports; this is an advantage in situations
in which the reuse of such supports for
radio communication is dictated by a
lack of room for adding separate an-
tenna-supporting structures. Another
advantage of the optically transparent
patch antennas is that they weigh less
than conventional antennas do.

An optically transparent patch an-
tenna can be made from an optically
transparent, electrically conductive film
deposited on one face of a polyester film
or a glass substrate; e.g., AgHT, or equiv-

40

alent. In the case of a polyester film (see
Figure 1), the deposited layer has a sur-
face resistance of 6 to 10 ohms per
square. The patch and its feed strip can
be formed simply by cutting the coated
film in the required pattern.

Typically, the polyester film is 0.0075
in. (0.19 mm) thick and is supported
over a ground plane by an intervening
nonconductive transparent film 0.0035
in. (0.089 mm) thick. Thus, the total
thickness of dielectric material sup-
porting the antenna patch is 0.011 in.
(0.28 mm). The purpose of increasing
the dielectric thickness by use of the in-
tervening film is to increase the an-
tenna bandwidth. Of course the fabri-
cation of such an antenna on polyester
film offers the advantage that the an-
tenna can be bent to conform to a
curved support.

www.nasatech.com

Figure 2 presents examples of opti-
cally transparent patch antennas on
glass substrates. Typically, a glass sub-
strate is about 0.0115 in. (0.292 mm)
thick and the deposited conductive film
has a surface resistance of about 2.8
ohms per square. Whereas a polyester
film must be cut to the required pat-
tern, the conductive film on a glass sub-
strate is patterned by depositing the
conductive material through the open
areas of a photoresist mask.

In tests, prototype optically transpar-
ent patch antennas like those shown in
Figures 1 and 2 were found to exhibit
radiation patterns, return losses, and
input impedances similar to those of
conventional patch antennas made
from copper conductors. The observed
radiation patterns are considered to be
good for wireless communications, and

NASA Tech Briefs, December 1999



The industry’s most advanced high-resolution DMMs all come

with built-in switching mainframes ideal for production testing.
This on-board scanner lets you easily begin testing up to 10

N O O N E measurement points with specified measurement performance.

In addition, the 2000-20 version of the 2000 comes with

20 ch Is.
else has a i
B ; s L
J technology for high repeatability and accuracy.

5 g The Model 2010 (7' digits) has capabilities
5 . for high-speed production testing of active
of DMMs with %3

and passive components and subassemblies

The 2000 Series DMMs share innovative
A/D converter design and unique front-end

at a breakthrough price. The high performance

B LJ l LT_ I N Models 2001 (7" digits) and 2002 (8": digits) deliver excep-

tional resolution, accuracy, and sensitivity combined with high
throughput at thousands less than comparable instruments.

sCann | n g ma | nfra mes. For complete specs on these DMMs, a full-line catalog, or

A‘W“M“"/t; to talk with an Application Engineer, contact Keithley

“

N() ()N E . " today at 1-888-534-8453.
i #* E o 4 , . Visit our website at www.keithley.com

KEITHLEY

A WORLD OFfF MEASUREMENT SOLUTIONS

MoODEL 2000/2000-20

2010 2001

* Resolution 6 digits 7Y: digits 7' digits 8. digits

* DC volts 100nV - 1000V 10nV - 1000V 10nV - 1100V InV - 1100V
* AC volts 100nV - 750V 100nV - 750V 100nV - 775V 100nV - 775V
 Ohms , 100p£2 — 120MQ 150 - 120M0 1402 - 1GQ 100002 - 1GQ

* DC amps 10nA - 3A InA - 3A 10pA - 2.1A 10pA - 2.1A
« AC amps 1pA - 3A 1pA - 3A 100pA - 2.1A 100pA - 2.1A

For More Information Circle No. 511



Patch Antenna (Polyester Film )
Coated on Top With Electrically Surface-Launch, 50-Q Coaxial
Conductive, Transparent Material) Connector as Probe Feed

Ground Plane (Polyester Film
Coated on Bottom With Electrically
Conductive, Transparent Material)

Note:
a=53mm
b=37 mm
d=8mm
W=2mm Additional Layer of Film
To Increase Thickness
Aluminum Plate
Ground Plane (Polyester Film Poly(methylmethacrylate) Patch Antenna (Polyester Film
Coated on Top With Electrically Block Coated on Top With Electrically
Conductive, Transparent Material) Conductive, Transparent Material)
OPTICALLY TRANSPARENT PATCH WITH MICROSTRIP LINE FEED OPTICALLY TRANSPARENT PATCH WITH PROBE FEED

Figure 1. Coated Polyester Films Cut to Required Patterns can be used to construct optically transparent patch antennas. These are only two examples of
the unlimited number of antenna configurations. The poly(methylmethacrylate) block and aluminum plate in these examples are used for mechanical sup-
port only; in a typical application, the support would be a window or other transparent object.

SERIES
GRAPHIC RECORDER

The BR paperless recorder
form CHINO offers easy to use
configuration and a wide variety
of displays/screens.

CHINO

CHINO Works America Inc.

Victoria Business Park
18005 S. Savarona Way, Carson, CA 90746
Phone: 323-321-3943 ¢ Toll Free: 888-321-8
Fax: 310-532-7195 ‘
Website: www.chinoamerica.com

Instrumentation. Conly

42 For More Information Circle No. 413 NASA Tech Briefs, December 1999



Slot-Line Ring

OPTICALLY TRANSPARENT SLOT-RING ANTENNA WITH ELECTROMAGNETICALLY
COUPLED FEED ON GLASS SUBSTRATE

Glass Substrate
Transparent Ground Plane

OPTICALLY TRANSPARENT PATCH ANTENNA WITH DIRECT FEED ON GLASS SUBSTRATE

Glass Substrate

Transparent
Microstrip Feed

Figure 2. Conductive Transparent Films on Glass Substrates can be deposited through photoresist

masks in patterns required for antenna patches.

the input impedances are well matched
to the practical and commonly sought
value of 50 ohms.

This work was done by Richard Q. Lee of
Glenn Research Center and Rainee N. Si-
mons of NYMA, Inc. For further informa-
tion, access the Technical Support Pack-
age (TSP) free on-line at www.nasatech.com
under the Electronic Components and Systems

ca tegm)'.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to NASA Glenn Research Center,
Commercial Technology Office, Attn: Steve
Fedor, Mail Stop 4-8, 21000 Brookpark
Road, Cleveland, Ohio 44135. Refer to
LEW-16574.

® Wireless Information Network

John F. Kennedy Space Center, Florida

A wireless information network
(WIN) is undergoing development for
use by workers at locations scattered
across Kennedy Space Center (KSC).
This WIN could be a prototype of a
larger network that would serve all of
NASA; by logical extension, it could also
be a prototype of commercial WINs. By
use of a combination of commercial
hardware and custom software, this WIN
would give KSC personnel access to the
main KSC information systems, elec-
tronic mail, and other productivity-en-
hancing computational capabilities. The
software includes the IPSWITCH appli-
cation program, which is compatible
with the Windows 3.1, 95, and NT oper-
ating systems. IPSWITCH enables the

NASA Tech Briefs, December 1999

user to store several network-configura-
tion profiles for a computer work sta-
tion, making it possible to reconfigure
the computer rapidly to operate on dif-
ferent subnetworks. When the user starts
the execution of IPSWITCH under Win-
dows, the program generates an interac-
tive display, through which the user can
create, edit, and save five different Inter-
net Protocol (IP) configurations for
each subnetwork interface.

This work was done by Mark Sullivan for
Kennedy Space Center. For more informa-
tion please contact Kevin Jackson at Sentel
Conporation, 225 Reinekers Lane, Suite 500,
Alexandria, VA 22314, tel. no. (703) 739-
0084 or e-mail kjackson@sentel.com
KSC-11964

www.nasatech.com
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3 Software for Setting Up Equipment for Testing Rocket Engines

Tedious manual test procedures are replaced by programmed, automated procedures.

Stennis Space Center, Mississippi

A computer program has been devel-
oped to shorten the time needed to set
up electronic instrumentation for a hot-
fire test of a rocket engine. The instru-
mentation in question is a modular,
partly computer-controlled apparatus,
the modules of which contain amplifiers
and other signal-conditioning circuits.
The apparatus processes signals from
strain gauges and other sensors.

Before this program was developed,
the modules could be set up only
through a controller front panel. Signals
from external sources were introduced
by unpatching input terminals and ap-
plying the signals to amplifiers. The
strain-gauge modules are programmed
digitally by use of bytes called “option
bytes.” Before the program was devel-
oped, the values of option bytes needed
to balance strain-gauge bridge-circuit
readouts were found by trial and error.
In the case of a thermocouple signal
conditioner, it was necessary to discon-
nect cables to read the true output volt-
age. For these and other reasons, the
time needed to set up the instrumenta-
tion for each test was too long.

The program can be used to set up
every module needed for a test. Both the
amplifier and the remaining signal-con-
ditioning circuitry in each module can be
adjusted by use of this software. Each
module can be programmed for any de-

sired gain setting and calibra-
tion step. It is no longer nec-
essary to resort to trial and
error to balance strain-gauge
bridge circuits (see figure).
Programmable strain-gauge-
balance reports and system-
status reports can be gener-
ated to reduce setup time.
The program can display real-
time data, both numerically
and graphically, and can dis-
play the internal memory of
the test apparatus; these capa-
bilities can be utilized to diag-
nose any suspected defect in
a measurement or in the en-
tire testing system.

A unique feature of this
program is that setup infor-
mation is sent from the com-
puter that runs the program,
via a serial communication port, to a
hand-held “dumb” terminal that in-
cludes a small display screen and a key-
pad, which resembles that of a pocket
electronic calculator. This feature makes
it possible to perform the test setup from
either the computer or the dumb termi-
nal. The dumb terminal displays as many
as four lines of information from a test-
setup-window display on the computer
terminal. Each key on the keypad corre-
sponds to a button in the testsetup win-

The Option Byte Calculation subprogram generates this display.
This subprogram calculates the value of the byte needed to bal-
ance a bridge circuit in a strain-gauge module.

dow. A technician can easily move to and
adjust a module while viewing the display
on the dumb terminal.

This work was done by Michael W. Burge
of Rocketdyne Division of Rockwell for Sten-
nis Space Center.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to the Technology Transfer Office, Stennis
Space Center, Attn: John Bailey (228) 688-
1660. Refer to SSC-00093.

3 Software for Environmental Monitoring in a Large Facility

John F. Kennedy Space Center, Florida

Four computer programs enable the
nearly real-time distribution, analysis, and
display of data on temperature, relative
humidity, and particle fallout measured
by sensors in the Orbiter Processing Fa-
cility (OPF) and the Launch Pad Payload
Changeout Room (PCR) at Kennedy
Space Center. The previous environmen-
tal-monitoring software distributed data
only once per hour; did not provide for
rapid, automated analysis; and was not
flexible enough to accommodate new
sensors. Under the present software,
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readings are taken from the sensors every
2 minutes and transmitted over local-area
networks to a server computer. Any com-
puter on the network can display the data
as both numerical values and colors
(green, yellow, or red for within, almost
out of, or out of specification, respec-
tively). Out-of-specification data is also
signaled by audible beeps. Optionally,
daily graphs of data can be displayed. The
programs, written with LabVIEW soft-
ware, are modular and can be modified
easily to accommodate new sensors,

www.nasatech.com

change the sampling interval, enable or
disable audible alarms, or rescale graphs.

This work was done by Paul Berry and
Chuck Harnden of United Space Alliance for
Kennedy Space Center. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Software category.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to the Technology Programs and Commercial-
ization Office, Kennedy Space Center, (407)
867-6373. Refer to KSC-12008.
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Download and See for Yourself how Easy it is to Use

www.algor.com

Release 12 software is Algor's most comprehensive release
since 1990. Release 12 features seamless integration with
CAD and an all-new single user interface for Finite Element
Analysis (FEA) so you can control all of Algor's modeling and
analysis software from within Superdraw Ill. Each data input
screen has real-time data checking to prevent input errors
during an FEA. The Release 12 interface also features unit
definition and context-sensitive help. An all-new material
library system and improved engineering capabilities sup-
port the new user interface. Release 12 includes hundreds of
improvements to make your engineering accurate and easy.

Now you can download a free limited-time trial version of
Algor’'s Release 12 software. The download includes a com-
plete version of Release 12 so you can try out Algor's wide
range of engineering and simulation software from a simple
Linear Static Stress Analysis to a Nonlinear Material
Analysis, Physics-based Mechanical Event Simulation or
Multiphysics Analysis. You can also try out Algor's new
seamless integration with CAD using Houdini. Then select
from Algor’s three types of automatic FEA solid meshes:
tetrahedral; all-brick or hybrid, with bricks on the surface and
tetrahedra inside. Algor's automatic meshers work from the
surface inward, creating a higher-quality FEA solid mesh
with the best-shaped elements on the model's surface where
stresses tend to be the greatest.

The download also comes with tutorials that give you a
guided tour of this new software. These tutorials are avail-
able for a variety of analysis types and take you through an
analysis from beginning to end, demonstrating the features
and capabilities of Release 12 as you go.

See for yourself how easy and accurate our Release 12
software is by downloading it from www.algor.com and try-
ing it for a limited time for free. Or call us at
+1 (412) 967-2700 or complete the form below to request a
demo CD-ROM.

.Get a FREE demo video and CD-ROM from Algor.
:Complete this form and fax it to: +1 (412) 967-2781.

Algor’s Houdini Superdraw Il 'm';k":'x
Solid Model Slnglo User Mechanical Event
' = Simulation

CAD Solid Modeler

Seamless CAD-interfacing makes using your CAD solid models for FEA,
Multiphysics and Mechanical Event Simulation easy by running Algor
from within the CAD solid modeler.

Superdraw lll,
for modeling and

's single user interface for FEA, controls all functions
inite Element Analysis or Mechanical Event Simulation.

Algor's downloadable keystroke-specific tutorials give you a walk-through
demo of Release 12. Tutorials can be printed out or viewed on the screen
as you work.

Unlike other engineering software trial versions that are limited, the trial
version of Algor's Release 12 software contains complete Linear and
Nonlinear FEA Stress Analysis and multiple Physics-based Mechanical
Event Simulation software packages including stress and motion, heat
transfer, fluid flow and electrostatic capabilities.

When the Engineering
Has to be Right

1 Algor, Inc.

1 150 Beta Drive, Pittsburgh, PA 15238-2932 USA

:Phone +1 (412) 967-2700

: Name Company.

| Address

:City State/Prov Country Zip/Postal Code
.Phone Fax E-mail

| Fax: +1 (412) 967-2781

1 California: +1 (714) 564-0844

I Europe (UK): +44 (1784) 442 246
(rel12-us) |} E-mail: info@algor.com

. Web: www.algor.com
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@ Sputter Deposition of Catalysts for Fuel-Cell Electrodes

Sputtering offers advantages over other deposition techniques.
NASA’s Jet Propulsion Laboratory, Pasadena, California

An improved method of fabricating
electrodes for fuel cells includes the use
of sputtering to deposit thin layers of cat-
alytic electrode metals. Previously, cat-
alytic electrode metals were deposited by
means of inks and decals — means that
are not amenable to mass production.
The sputtering process used in the im-
proved method is better suited to mass
production. Sputtering also increases the
efficiency of utilization and thereby de-
creases the needed amounts of the cat
alytic electrode metals, which are expen-
sive noble metals; whereas the catalyst
loadings needed in electrodes made by
older methods ranged between 4 and 12
mg/cm?, the catalyst loadings needed in
electrodes made by the improved method
range from 0.5 to 1.0 mg/cm®.

The improved method has been
demonstrated in the fabrication of mem-
brane/electrode assemblies for direct
methanol fuel cells. Such a membrane/
electrode assembly includes a proton-
conducting solid-electrolyte membrane
sandwiched between two electrode lay-
ers. The membrane is made of the
ionomer Nafion™ (or equivalent) — a
perfluorosulfonic acid-based hydro-
philic, proton-conducting polymer. The
electrode layers are made of carbon
paper coated with catalytic noble metals;
Pt for the cathode and an alloy of Ru/Pt
for the anode.

Fabrication according to the improved
method begins with air drying of the
ionomeric membrane for 24 hours, fol-
lowed by vacuum drying for 30 to 60 min-
utes. The membrane is mounted in a
sputtering chamber, with one side facing
up or down toward a target made of one
of the noble-metal electrode materials

(see figure). The chamber is evacuated,
then backfilled with argon to a pressure
between 10 and 50 millitorr (between 1.3
and 6.7 Pa). The sputtering process is ini-
tated by applying a high voltage between
the target and the chamber wall. The
sputtering process is continued for an
amount of time (typically ranging up to a

is sputtered into both sides of one sheet
of carbon paper, and Pt/Ru is sputtered
onto both sides of the other sheet of car-
bon paper. Both sputter-coated carbon
papers are coated with a solution that
contains the ionomer in a liquid form.
Then the membrane is sandwiched be-
tween the coated carbon papers and the

1
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Sputtering in Argon Plasma is a superior technique for deposition of catalytic electrode metals (Pt
and Ru/Pt) on ionomeric and carbon-paper substrates used to make membrane/electrode assemblies

for fuel cells.

few hours) that depends on the desired
catalyst loading. Upon completion of
sputtering, air is readmitted to the cham-
ber and the membrane is removed.

The foregoing process is repeated to
coat the other side of the membrane
with the other noble-metal electrode
material. Then using sheets of carbon
paper (instead of the ionomeric mem-
brane) as the deposition substrate, the
process is again repeated, except that Pt

sandwich is pressed at a temperature be-
tween 140 and 150 °C to obtain a mem-
brane/electrode assembly.

This work was done by Barbara Jeffries-
Nakamura, William Chun, Sekharipuram
Narayanan, Ronald Ruiz, and Thomas
Valdez of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
access the Technical Support Package (TSP)
free on-line at www.nasatech.com under the
Materials category. NPO-20250

@ Organic/Inorganic Coats for Packaging of Microelectronics
Thin conformal coats are alternatives to heavier, bulkier conventional hermetic packages.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A method for protective packaging
of multichip modules and related as-
semblies of microelectronic circuitry
involves coating the assemblies with
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composite organic/inorganic layers
only 1 to 2 mils (0.025 to 0.05 mm)
thick. The method is suitable for a vari-
ety of advanced packages of microelec-

www.nasatech.com

tronic circuitry, including “chip-on-
flex” circuitry, “smart” cards, flip-chips,
flip-flips (flip-chips assembled onto
ball-grid-array substrates), and such

NASA Tech Briefs, December 1999



three-dimensional assemblies as
stacked memory arrays.

Older methods for protective pack-
aging of electronic circuitry include
the following:

* Conventional hermetic sealing in
metal or ceramic. This method pro-
vides effective protection. However,
conventional hermetic enclosures
add considerable weight and are rela-
tively bulky [0.15 to 0.25 in. (4 to 6
mm) deep]; thus, conventional her-
metic sealing defeats advances in
miniaturization.
Encapsulation in epoxy. Epoxy en-
capsulants can be applied to depths
about one-fourth of those of conven-
tional hermetic packages, but even at
these depths, they add unacceptable
amounts of weight and bulk. Epoxies
are too rigid for use on the new gen-
eration of flexible multichip mod-
ules. Epoxies are also susceptible to
penetration by moisture; in other
words, they do not necessarily pro-
tect the packaged circuitry against
moisture.
® Vapor deposition of a thin film of
parylene (a thermoplastic polymer
made from para-xylene). Such a film
is susceptible to penetration by mois-
ture and to thermal oxidation at tem-
peratures greater than approximately
120 °C.
In the present method, one coats the

assembled circuitry with a thin film of

parylene, followed by a thin film of sil-
icon oxide or silicon nitride (see fig-
ure). Both the organic (parylene) and
inorganic (silicon-based) films are de-
posited at relatively low temperatures
(between 25 and 100 °C). The outer in-
organic film acts as a barrier to mois-
ture and protects the underlying or-
ganic film against oxidation at
temperatures up to 200 °C or even
somewhat higher. The thin composite
organic/inorganic film thus affords al-
most as much protection as does heav-
ier, bulkier conventional hermetic
packaging. The cost of depositing the
composite organic/inorganic film is a
small fraction of the cost of conven-
tional hermetic packaging.

Although two-layer coats of the type
described above are viable, the inor-
ganic outer layers can be broken by
mechanical handling. Therefore, it can
be desirable to deposit a third (inter-
mediate) layer for protection against
mechanical stress (the third layer also
provides additional protection against
oxidation). For example, one can de-
posit a base organic layer of Parylene C
(a commercial type of parylene), fol-
lowed by a second organic layer of Cy-
clotene [or equivalent poly(benzocy-

NASA Tech Briefs, December 1999

Inorganic Coating (e.g., Silicon Nitride)
\ Organic Coating (e.g., Parylene)

Solder Ball

g

Coated Flip-Chip Assembly

A Composite Organic/Inorganic Coating protects the flip-chip assembly at a fraction of the cost of
conventional hermetic packaging.

clobutene) ], followed by an outer inor-
ganic layer.

In the three-layer case described
above, one must take special care to
cure the second organic layer accord-
ing to the manufacturer’s specifica-
tions, to (1) avoid compromising the
base organic layer, (2) ensure a full
cure to make the second organic layer
relatively invulnerable to oxidation,
and (3) ensure a smooth, hard second
organic layer, over which the final inor-
ganic layer can act as an effective bar-
rier against oxygen. The basic concept
can be extended to four or more layers,
provided that due consideration is

given to adhesion and compatibility be-
tween layers. The concept can also be
extended to include other materials:
For example, other inorganic coating
materials that have been considered
but not yet evaluated include silicon
carbide, silicon oxynitride, and zirco-
nium oxide.

This work was done by Frederick Pool
and James Licari of Caltech for NASA’s Jet
Propulsion Laboratory. For further in-
formation, access the Technical Support
Package (TSP) free on-line at wwuw.
nasatech.com under the Materials category.
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for Flight Testing

&Boundary-Layer Rake of Pitot Tubes

This rake is expected to generate valuable data
in forthcoming flight experiments.

Dryden Flight Research Center, Edwards, California

A boundary-layer rake of pitot tubes
has been designed and built for instal-
lation on a flight-test fixture (FTF) on
the NASA Dryden F-15B, which is a
two-seat version of the F-15 high-per-
formance, supersonic, all-weather
fighter airplane. This boundary-layer
rake will be used in flight-research pro-
jects in which there are requirements
for detailed surveys of the turbulent
boundary layer. A design feature
unique to this rake is a curved rake
body; this feature makes it possible to
cluster the pitot tubes in the near-wall
region more densely than they can be
clustered in conventional rakes. Re-
sults of tests have shown that this rake
exhibits good aerodynamic perfor-
mance and that it is operationally
rugged.

To give the rake its complex three-di-
mensional shape (see Figure 1), it was
necessary to resort to innovative solid-
modeling and machining techniques.
Starting from a three-view conceptual
sketch, a three-dimensional solid model
was constructed by use of the ProEngi-
neer solid-modeling computer-aided de-

sign/computer-aided manufacturing
(CAD/CAM) software package. This
software package was used throughout
the entire design and machining proc-
ess, ensuring accurate machining of the
rake from the three-dimensional solid
model. After a solid model was created
in ProEngineer, a computer-controlled
wire electrical-discharge machine (EDM)
was used to cut the basic shape of the
rake out of a solid block of aluminum
alloy 2024-T351.

The rake was then machined on a
computer numerically controlled
(CNC) milling machine. First, the base
of the rake was machined for flush
mounting on a flat surface. To make
room for the installation of the pitot
tubes, a cavity was machined inside the
rake body. Pitot-tube-mounting holes
were drilled on the leading edge of the
rake, then the leading edge was ta-
pered to a sharp angle. To close off the
cavity in the rake body, an aluminum
cover was created on the wire EDM.

After the machining process, all parts
were deburred, inspected, and then an-
odized to provide protection from cor-

COMPLETE RAKE

RAKE WITH COVER OFF

Figure 1. The Curved Shape of the boundary-layer rake makes it possible to cluster the pitot tubes

more densely in the near-wall region.

www.nasatech.com
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Data Acquisition
16-Bit Performance
12-Bit Price!

On-board supply also powers
external signal conditioning &
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Portable 16-Bit, 1-MHz
Measurements

Attach the new WaveBook/516™ to your
notebook PC for portable, 16-bit measurements
up to 1 Msamples/s. Start with eight built-in
channels, and easily expand up to 72, including
direct-connect signal conditioning for strain
gages, ICP*-style accelerometers, and more.

-

e External clock input
e Multichannel analog triggering
* Digital-pattern triggering

e  Pulse-amplitude & pulse-width triggering

* Pre- & post-trigger modes

* WavePort” model for rugged field applications

Visit our Web site at
www.wavebook.com

Included Out-of-the-Box™ WaveView™ software
converts your PC and the WaveBook/516 into
a compact, multichannel waveform analyzer, and see why the
streaming data to your PC’s hard drive in real WaveBook/516 is first in
time. Windows® 98/NT drivers, as well as its class. For a demo or
LabVIEW® and DASYLab® support, are also included. 30-day evaluation, contact

our sales department at
IOtech has been the undisputed leader in portable, 1-888-805-3020 or
notebook PC-based data acquisition for nearly a decade.  sales@iotech.com.

NaveBook/516, & WaveView are trademarks of I0tech, Inc. All others are trademarks or registered trademarks

www.wavebook.com

For a complete listing of I0tech worldwide sales offices, see
www no(e(h com/sales.html
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Factors that Make
Encoders Effective

If well understood,

linear and rotary encoders
an augment positioning- i
system performance.

he need to improve the position-

ing capabilities of a motion table

frequently leads a designer to

incorporate measurement trans-

ducers, including resolvers and
optical encoders, into the system. Such
devices, when configured as the master
measuring element, afford performance
superior to that of the mechanical trans-
mission elements, which double as both
the drive and the gauge scale in lower-
grade systems. But what is the degree to
which such transducers can enhance sys-
tem performance, and what are the fac-
tors that determine their efficacy?

A motion measurement transducer
may be coupled either directly to the car-
riage element of a positioning table, or
indirectly through the drive shaft. In the
latter case, knowledge of the rotary-to-
linear transmission and gear ratios allow
for computing the carriage position.

Rotations Considered

Consider a rotary indexing table
whose bearing-supported carriage is dri-
ven by a worm screw shaft and ring gear
transmission, shaft support bearings,
and drive-shaft coupling. The position-
ing error of this mechanism is periodic
with respect to the rotations of these ele-
ments, and is noncumulative over multi-
ple carriage turns. Positional accuracy of
a system whose encoder is coupled
through the drive input includes com-
ponents of uncertainty attributable to
each of the drive train elements. These

ITb

e

that provides correcnon of errors associat-
~ ed with the drive train. The situation is
similar in M g&e of a linear motion sys-
tem, save for the need of a linear travers-
ing transducer, which is required for
direct measurement of carriage displace-

backlash between engaging compo:
nents, system hysteresis due to coupling
windup, and so forth.

With the transducer coupled directly to

the rotating carriage, the uncertainty asso-
ciated with the transmission is essentially
removed from the measurements; the
positioning loop is closed at the carriage

ment. Linear transducers are essential for
linear motor and piezoelectric motor-dri-
ven positioners, which do not incorporate
rotary-to-linear conversion transmissions.

B 200 mm moves - Rotary Encoder

Position Drift B 500 mm moves - Rotary Encoder

(‘microns ) B 200 mm moves - Linear Encoder
300
200
100

o graingy gt
Move Cycles
25 50 ¥ i 100 20 sec / cycle

Figure 1. Positional deviations due to drive-screw frictional heating plotted in comparison to the
results for the identical single-axis positioner equipped with a linear encoder. Short-move high-fre-
quency motion profiles cause greater heating, which increases position uncertainty. These effects are
substantially reduced with linear encoder feedback.
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Given the necessary grating precision,
the accuracy obtainable with a carriage-
coupled rotary encoder is primarily a
function of the positional deviation with-
in one complete rotation. The primary
source of the error is the radial runout
of the bearings that support the
encoder. The achievable accuracy is

inversely related to the concentricity of

the disk with respect to the mechanical
rotation axis. In general, attaining rota-
tional accuracy of better than several
arcseconds requires concentricity within
the range of 1 micron. Installation and
alignment of a modular-type rotary
encoder (one without its own bearings)
to achieve this level of positioning is an
exacting task.

Linear System Accuracy

Linear positioning mechanisms exhib-
it accuracy that is inversely related to
their stroke range. A linear motion/
rotary encoder system may be compen-
sated for drive-screw thread errors and
play between interacting mechanical
components. These are, however, vari-
able due to wear, necessitating periodic
recalibration. Candidates for particular-
ly frequent readjustment include mater-
ial cutting systems and any others that
involve substantial axial force. Axial stiff-
ness is required to sustain motor input
torque and to minimize deformation
along with the attendant reversal errors
and dynamic inaccuracy.

Consider a hypothetical screw-driven
motion table moving a workpiece in a
metal-cutting application with the fol-
lowing attributes: The stroke is 600 mm
with full-stroke uncertainty of +50 pm,
and the axial stiffness of the table is 120
N/p. A total moving mass of 250 kg,
move profile acceleration of 3 m/sec,
and tool forces of 200 N contribute an
additional £7.92 p of positional uncer-
tainty ascribable to deformation, yield-
ing a total of approximately +58 p when
measuring inferentially through the
drive input.

In rotary encoded linear motion
devices, positioning uncertainty is low-
ered with increased axial stiffness, which
is directly related to the preload forces.
The cost, however, is higher friction and
the resultant heating especially evident
in high-duty-cycle operations. Thermal
distortion is a major source of misposi-
tioning that must be corrected or com-
pensated for, particularly when the goal
is high-accuracy linear movements.
Thermal expansion of steel drive-train
components occurs at the rate of 4.75
p/m per °C, with slight variability rela-
tive to alloy composition. A temperature
rise of 15 “C, if uncompensated, increas-
es position uncertainty by more than 70
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Figure 2. Two-axis optical encoder provides for
planar position measurement. (Courtesy of
Johannes Heidehain GmbH).

p in a l-meter stroke system. Figure 1
compares positioning results for a sys-
tem using rotary and linear encoding.
Drive-screw lead error tends to be cumu-
lative, and the potential improvement in
positioning using a linear transducer
becomes increasingly advantageous with
stroke range.

An enclosed linear scale, in which the
grating is premounted in a protective
housing, is preferred for material-work-
ing/debris-generating operations. Ma-
chined attachment pads on the housing
lessen the alignment problems at the
expense of friction at the interfaces
between the reader/seals/scale, which
limits the attainable accuracy to the
neighborhood of +3 to 5 microns. With
modular transducers, in which there is
no physical contact between the scale
and the reader, positioning accuracy
within the limits of the grating pattern
(£1 p to £0.1 p) and the various align-
ments is achievable.

Geometric Errors

Analogous to the case of rotary mea-
surements, linear positioning perfor-
mance is related to the alignment
between the encoder and the carriage
motion axis; here the errors are a func-
tion of parallelism with the magnitude of
the error the cosine of the misalignment
at any given point. Yaw motions (angular
movement about the vertical axis of the
moving carriage relative to the transduc-
er), roll motions (angular movement
about the direction of travel), and pitch
motions (movements about the lateral
axis that are unrelated to drive-screw
thread pitch) give rise to additional com-
ponents of uncertainty. These “geometric
errors” are magnified by any horizontal or
vertical offsets between the transducer
and the actual “work point” (also known
as Abbe error). However the transducer is
coupled to the positioner, the degree of
precision enhancement that may be real-
ized with such “single-axis sensors” is fun-
damentally determined by the carriage
support and the precise alignment of
components in the structure. It is impor-

2b

3 microns

Figure 3. Coordinated two-axis linear motion to generate circular paths with rotary encoders on the
drive train (A) and with linear encoders (B). Deviations from the desired ideal path indicate the error

components of each linear axis.

tant to note that a single-axis linear
encoder cannot compensate for these
types of geometric errors.

Two-axis planar encoders, as shown in
Figure 2, provide direct measurement of
X-y position over a limited range
(approximately 250 x 250 mm).
Metrology standards for multiaxis
motion (ASME B5.54-1992, section
5.9.3, “Contouring Performance,” etc.)
are based on the tolerances in repeti-
tively executing circular paths with spec-
ified loads and motion profiles, tuning,
etc. Circular path quality graphically
accounts for the aggregate positional
uncertainty in a two-axis system, reveal-
ing reversal-error components and geo-

www.nasatech.com

metric errors as shown in Figure 3.
Motion-table assemblies with three or
more degrees of freedom cannot be cor-
rected for structural/misalignment
uncertainties with a positioner-mounted
transducer. Attaining spatial accuracy of
better than +5 p with such complex sys-
tems requires laser interferometry, laser
Doppler velocimetry, or similar optical
beam techniques.

For more information, contact Matt
Johnson, Product Manager for the Precision
Systems Division of Industrial Devices
Corp., 3925 Cypress Drive, Petaluma, CA
94954; 800-747-0064; fax: (707) 789-
0175; e-mail: mattj@idcmotion.com; or
visit www.idcmotion.com.
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Heat-Driven Pulse Pump
The only moving parts are two check valves.
Goddard Space Flight Center, Greenbelt, Maryland

The heat-driven pulse pump has been
invented in an effort to satisfy a need for
pumps that can circulate heat-transfer
fluids at low flow rates with high reliabili-
ty over long operational lifetimes. The
heatdriven pulse pump (HDPP) is so
named because it generates pumping
action by exploiting periodic (pulsed)
heating and vaporization alternating with
cooling and condensation of the fluid to
be pumped. To be amenable to pumping
by an HDPP, a fluid must, therefore, be

one that can be vaporized and condensed
within a convenient range of pressure
and temperature. Anhydrous ammonia is
one example of such a fluid that could be
useful in many applications.

A basic HDPP includes a grooved
cylinder, a wick, inlet and outlet check
valves, strip heaters, and a cooling block
(see figure). The cylinder and other
parts are sized to suit the specific appli-
cation. The two check valves are the only
moving parts.

Fluid Circulation
Loop
Inlet
1 Check
] Valve

Extruded Aluminum Cylinder
With Interior Grooves

£l+—Polyethylene Wick

Outlet Checl

Valve

Strip Heaters

In a Heat-Driven Pulse Pump, part of the liquid to be pumped is vaporized, thereby forcing part of
the remaining liquid through the outlet check valve. During subsequent condensation of the vapor,
liquid enters through the inlet valve. The cycle is then repeated.

Initially, the cylinder is filled with the
liquid phase of the fluid to be pumped.
At the beginning of the pumping cycle,
power is supplied to the strip heaters for
a specified interval of time (pulse).
During this interval, some of the liquid
in the cylinder vaporizes. The resulting
expansion causes the pressure in the
cylinder to rise and the outlet check
valve to open. Once the pressure rises to
the point where it overcomes the pres-
sure drop in the fluid circuit, the pres-
sure forces some of the liquid through
the wick and the outlet check valve;
meanwhile, the liquid in the grooves is
wicked toward the heater strips and sus-
tains vaporization until the heating
power is turned off.

When the heating power is turned off,
the vaporization stops. The cooling
block is used, if needed, to ensure that
during this part of the pumping cycle,
the temperature in the cylinder falls to
somewhat below the saturation tempera-
ture of the fluid-circulation loop. This
decrease in temperature causes some or
all of the vapor in the cylinder to
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condense, and the concomitant contrac-
tion and decrease in pressure cause the
outlet check valve to close and the inlet
check valve to open. The vapor is further
condensed by the cold liquid that enters
through the inlet check valve, so that the
wick, grooves, and interior space of the
cylinder become refilled with liquid.
The system is then ready for the heat
pulse that marks the beginning of the
next pumping cycle.

A fluid-circulation system can be
made to include a pumping subsystem
that comprises three HDPPs connected
in parallel. To obtain continuous flow in
the portion of the fluid-circulation loop

external to the pumping subsystem, the
three HDPPs are operated in sequence,
with two pumps in the recovery (con-
densation) part of the pumping cycle
while the remaining pump is in the
pulse (vaporization) part of the cycle.

A prototype system of three HDPPs
with anhydrous ammonia as the pumped
fluid was tested in experiments. The pres-
sure drop in the fluid-circulation loop
was 0.5 psi (3 kPa). A variety of power set-
tings, fluid pressures, timing sequences,
and cooling-block temperatures were
investigated. The best combination of set-
tings determined in these experiments
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saturation pressure of 28 psia (193 kPa
absolute), and heater power of 50 W
applied to each pump during 30-second
pulses. With these settings, the tempera-
ture in each pump varied sinusoidally
between 29 and 35 °C, and the flow rate
was 14 grams per minute, which would
provide 300 W of continuous heat dissi-
pation. This combination of settings did
not allow any pump to become fully
flooded before heating power was resup-
plied, so that liquid was pushed out
quickly when the heat was turned on.
This concept would also be applicable to
a microgravity environment.

This work was done by Steve Matthew
Benner of Goddard Space Flight Center
and Mario Santos Martins of Jackson &
Tull. For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com wunder the
Machinery/Automation category.

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, Goddard
Space Flight Center; (301) 286-7351.

Refer to GSC-13739.

Small-Stroke,
High-Frequency
Reciprocating Pump

Without a sliding piston, the
pump could be highly reliable.

Lyndon B. Johnson Space Center,
Houston, Texas

A proposed reciprocating pump would
operate at a small stroke and would con-
tain no sliding parts. The oscillatory
motion of a piston in the pump could be
provided by a magnetostrictive actuator,
for example.

To compensate for its small stroke, the
pump would have to operate at a high
frequency at which most check valves do
not work well and at which the pump
would be sensitive to trapped air if its pis-
ton area were small. Valve efficiency
could be increased by use of flapper
valves or nozzles. Effective piston area
could be increased, without increasing
the diameter of the pump, by use of mul-
tiple pistons or a helical piston.

This work was done by Arnon Rieger,
Michael J. Gerver, Ralph C. Fenn and
Dariusz Bushko of Satcon Technology Corp.
for Johnson Space Center. No further doc-
umentation is available.

MSC-22462
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Alternative One-Time-Opening
Miniature Isolation Valve

Valves like this one could be used in microspacecraft propul-
sion and chemical analysis.

NASA's Jet Propulsion Laboratory, Pasadena, California

The figure depicts a proposed minia-  use, with no leakage or contamination
ture, electrically actuated, one-time- prior to release. Miniature isolation
opening isolation valve that would be valves like this one could serve to control
made mostly of silicon, by use of  the release of propellant liquids or gases
micromachining techniques. Isolation in microspacecraft, or of stored chemi-
valves are needed in systems in which  cal reagents in portable in situ chemical-
fluids must be stored for long times until ~ analysis apparatuses. Eventually, such
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The Doped Silicon Membrane Blocking the Channel would be melted electrically to open the channel.
According to the concept reported in the noted prior article, a channel would be blocked by a silicon
plug doped through part of its thickness. Unlike the plug, the membrane in this design would be like-
ly to melt completely.
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apparatuses may include one-time-use
biochemical-analysis chips.

The proposed valve would function
similarly to the one de-scribed in “One-
Time-Opening Miniature Isolation
Valves” (NPO-19927), NASA Tech Briefs,
Vol. 21, No. 2 (February 1997), page 4b.
However, the design and thus the details
of the micromachining process would
differ. Like the previously reported
valve, the proposed valve would contain
a flow channel blocked by an electrically
conductive barrier made of doped sili-
con. Metal electrical leads would con-
nect the barrier with a valve-opening
electrical circuit. To open the valve, the
circuit would supply enough electrical
current to melt the barrier. The pressur-
ized up-stream fluid released by melting
of the barrier would carry the barrier de-
bris downstream. A filter downstream of
the barrier site but upstream of the out-
let would capture the debris.

The overall dimensions of the valve
would be about 10 by 10 by 2 mm. The
valve would comprise three layers that
would be micromachined individually,
then assembled and bonded. The mid-

dle layer would be a silicon-on-insulator
(SOI) wafer that would comprise three
sublayers: an upper bulk silicon sublayer
several hundred microns thick, a middle
oxide insulating sublayer a few microns
thick, and a lower doped silicon epilayer
some tens of microns thick. The SOI
wafer would be micromachined from
both sides to create an inlet sealed by an
epilayer membrane, an outlet, a channel
between the inlet and the outlet, and a
filter in the channel. The top layer —a
wafer of low-thermal-expansion glass —
would be anodically bonded to the top
surface of the SOI wafer to seal the chan-
nel. The bottom layer would be another
low-thermal-expansion glass layer con-
taining micromachined openings for
the inlet, outlet, and two electrical leads.
The bottom glass layer would be anodi-
cally bonded to the bottom surface of
the SOI layer.

The SOI layer would be the most com-
plicated part of the valve; micromachin-
ing of the SOI layer would involve several
steps. By means of a patterned etch of the
bottom surface of the SOI layer, the por-
tion of the doped silicon epilayer in the

outlet region would be removed, while a
strip of the doped silicon epilayer in the
inlet region would be isolated to form the
membrane covering the inlet and extend-
ing between electrical contacts. (This
membrane would constitute the barrier
to be melted by electrical heating. A con-
striction in the membrane at the inlet
location would ensure concentration of
electrical heating in the portion of the
membrane blocking the flow channel.)
Then by means of a patterned etch from
the top surface of the SOI layer, holes for
the inlet, outlet, and electrical leads
would be formed through the thickness
of the bulk silicon sublayer. The channel
between the inlet and outlet, containing
an integral filter, would be formed in still
another patterned etch.

This work was done by Indrani
Chakraborty, Juergen Mueller, Andrew
Wallace, and Wen Li of Caltech for NASA’s
Jet Propulsion Laboratory. For further
information, access the Technical Support
Package (TSP) free on-line at www.nasate-
ch.com under the Electronic Components and
Systems category.

NPO-20473

Axial Force as Indication of Alignment of Threaded Fasteners
A robot would imitate a human technician feeling a thread-engagement click.
Lyndon B. Johnson Space Center, Houston, Texas

A developmental technique for auto-
mated alignment of threaded fasteners
involves the use of the axial force between
the fasteners as an indication of align-
ment. The technique was conceived as a
means to guide a robot that is required,
for example, to join a bolt with a nut.

The technique is based on the well-
known fact that when a bolt and nut are
properly aligned, gently pushed together
along their common axis, and turned in
the loosening direction (counterclock-
wise for conventional right-handed
threads), there is a click —
that is, a brief relaxation and
recovery of axial force —
once per rotation, each time
the ends of the threads slip
past each other. The tech-
nique is also based on the
conjecture that the magni-
tude of the click decreases as
the angle of misalignment
between the bolt and nut
increases.

In a typical application, the
robot hand would hold the
bolt or nut and would bring it
into contact and approximate
alignment with its mating nut
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or bolt, respectively. The robot hand
would apply a small preload contact
force. Then by actuation of the robot
hand or by another mechanism cooper-
ating with the robot, the bolt and nut
would be rotated, relative to each other,
in the loosening direction. During the
rotation, strain gauges in the robot hand
would measure contact forces that could
be resolved into the axial contact force
between the bolt and nut. The axial-force
signal would be processed by the robot
control system to determine the degree

www.nasatech.com

of bolt/nut misalignment (if any) and
thus to determine any needed correc-
tions to the position and orientation of
the robot hand.

In experiments to test this concept, a
robot hand held a 1/2-in. (12.7-mm)-
diameter bolt against a nut that was rotat-
ed counterclockwise with a period of
about 18 seconds. The left part of the fig-
ure shows an example of the axial force
versus time in an experiment in which
the angle between the bolt and nut axes




(=5.8 N) was caused by a command from
the robot control system to press the bolt
into the nut with this amount of force.
(This level of preload was essential for
reducing the effect of strain-gauge
noise.) At approximately 5 seconds, the
counterclockwise motion started. At
approximately 21 seconds, there was a
0.5-1b (2.2-N) dip in axial force (a click),
indicative of proper alignment of the nut
and bolt threads. At this point, the robot
control system sensed the change in the
axial force and the rate of change of
axial force, and responded by generating
a command to reverse the rotation in
order to tighten the bolt and nut.

Thereafter, the axial force decreased as
the engagement of the nut and bolt
relieved some of the preload.

The right part of the figure depicts
the axial force versus time in an experi-
ment that was similar except that the
angle between the bolt and nut axes was
between 4 and 6° (close to the cross-
threading angle for the particular bolt
and nut). The initial rise in the axial
force was similar to the one described
above, but the subsequent clicks were
smaller. The force and the rate of
change of force did not change suffi-
ciently for the robot control system to
recognize “good” alignment; therefore,

the system did not command a reversal
of rotation from counterclockwise to
clockwise. However, the axialforce sig-
nal included a periodic feature that indi-
cated the instant when the threads could
mate if they had been better aligned. In
principle, the robot control system
could be modified to recognize this fea-
ture and to command the fingers of the
robot hand to tilt the bolt as a function
of an axial-force gradient until align-
ment was obtained.

This work was done by Myron A. Diftler
and Michael L. Ross of Lockheed Martin for
Johnson Space Center.

MSC-22837

Improved Magnetostrictive Pump

Features include a two-stage magnetostrictive actuator and a hydraulic stroke multiplier.

Lyndon B. Johnson Space Center, Houston, Texas

An improved magnetostrictively actu-
ated pump has been developed to satisfy
a need for a small, low-pressure, high-
flow-rate fluid pump that contains few
moving parts and can run reliably for
long periods without maintenance. The
pump could be used, for example, to cir-
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culate water in the portable life-support
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bility is important and maintenance is
difficult. The pump is designed primari-

ly for water as the pumped fluid, but it
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contains a magnetostrictive actuator, including an annular
permanent magnet that provides a constant (bias) magnetic
field, and an electromagnet coil that generates the variable
magnetic field needed for actuation. The magnetostrictive
material is the alloy Tby gDy, sFe; (commercially available
under the trade name “Terfenol-D").

The unusual aspect of the actuator lies in a two-stage design
that approximately halves the actuator length needed to
obtain a given stroke. There are two pieces of magnetostrictive
material, each 1.5 in. (3.81 cm) long: a central rod 0.75 in.
(1.9 cm) in diameter, and a surrounding sleeve of the same
volume as that of the rod. The upper end of the sleeve push-
es against the lower end of the rod via a stainless-steel con-
nector, so that the rod telescopes out from the sleeve and the
magnetostrictive strain of the rod is added to that of the sleeve
to obtain nearly the same total strain as that of a 3-in. (7.6-cm)-
long, 0.75-in. (1.9-cm)-diameter rod of the magnetostrictive
material. The connector is designed to undergo very little
strain, relative to the magnetostrictive strain at the anticipated
actuation loads.

The diameter of the two-stage actuator is greater than it
would be with a single stage, but this increase in diameter does
not increase the overall diameter of the pump, because the pis-
ton that effects the pumping action has a greater diameter. In
addition, power consumed by the two-stage actuator is only
slightly greater than it would be for an equally capable single-
stage actuator.

Above the actuator is a hydraulic stroke amplifier that
includes an outer and an inner drive bellows. This stroke
amplifier multiplies the actuator stroke by about a factor of
7.5 [from 2 to 15 mils (0.05 to 0.38 mm)] while dividing the
actuator force by a factor of 10 in driving the piston. About 75
percent of the work done by the actuator goes into the out-
put of the stroke amplifier; the remaining 25 percent is con-
sumed in compression of the hydraulic fluid and strain ener-
gy of the bellows.

The stroke amplifier drives the piston, the periodic motion
of which draws water into a chamber through an intake valve
and pushes the water out of the chamber through an outflow
valve. These are lightweight, fast-response, spring-positioned
check valves. These valves are positioned to make the water
flow circumferentially around the chamber to obtain a cen-
trifugal effect that makes trapped air bubbles accumulate at
the center of the chamber, where they flow out. The accumu-
lated air must be vented because the pump stroke is so small
that even as little as a few milliliters of trapped air greatly
impedes performance, and more than that amount can totally
block the pumping action. ;

Above the pump chamber in which the piston operates
there are two compensation bellows — one on the intake
side and one on the outflow side. These bellows smooth out
the flow, reducing the pulsations that occur at the pump
operating frequency, which is about 24 Hz. If the pulsations
were not smoothed out, they would give rise to huge forces
(water hammer) that would build up in the water tubes con-
nected to the pump and thereby prevent the pump from
operating.

The pump is designed to have a flow rate of 30 milliliters per
second and a pressure of 5 psi, and to consume about 25 W of
electric power.

This work was done by Michael J. Gerver; Robert Ilmonen, Frank
Nimblett, and John Swenbeck of SatCon Technology Corp. for Johnson
Space Center. For further information, access the Technical Support
Package (TSP) free on-line at www.nasatech.com under the Machinery
and Automation category.
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Absolute
Encoders with
DeviceNet™
The new Models A25
and A58 added to
the Dynapar line by
Danaher Controls,
Gurnee, IL, feature a
built-in DeviceNet
field-bus interface, which the company says makes
installation and troubleshooting significantly easier
than other encoders in current use. Integrating the
interface into these encoders also eliminates the
need for third-party PLC cards, additional 1/0, and
hard-wiring to a PLC, plus PLC code development to
automate the systems. Danaher says that providing a
constant position signal and automatic referencing
of position upon startup or after power loss increas-
es data integrity and repeatability.

For More Information Circle No. 765

Control for Hydraulic
Proportional Valves

A new solenoid-mounted
controller/amplifier from
HydraForce Inc., Lincoln-
shire, IL, uses high-fre-
quency pulse width modu-
lation switching to supply
a hydraulic proportional
valve with a proportional
input signal. The external signal can be from a
potentiometer, 0-5 V DC, or 0-20 mA source. The
device mounts directly to solenoids having DIN
43650 connectors, and is rated to IP65 standards
for weather resistance. The controller will accept
any power supply voltage from 9-28 VDC. Ramp
and dither signals are independently adjustable; I-
min and I-max settings are independent and non-
following.

For More Information Circle No. 768

5

Motion and
Logic Control
System
Bosch Automation
Technology, Racine,
WI, introduces the
Rho4, a PC-based
motion and logic
control system for
robots and general-purpose machines. Built into an
industrial PC, all motion and logic is processed on an
Intel Pentium-class microprocessor that also runs the
operator interface. Interface screens are written in
standard Visual C++ or VisualBasic programming
tools, with application communication through stan-
dard DLLs, DDE, or OLE protocols. The Rho4’s fea-
tures include 24 axes, 16 kinematics, BAPS+ flow-
chart motion programming, and an “open motion”
interface to drives.

For More Information Circle No. 771

Miniature Hollow-
Shaft Housed Unit
HD Systems, Haup-
pauge, NY, introduces
the SHF-14-2UH, a
new miniature zero-
backlash harmonic
drive speed reducer
with a large hollow
shaft. The units mea-
sure only 53 mm long and 74 mm in diameter, yet
have a hollow shaft inside diameter of 14 mm. The
large through-hole allows the engineer to pass shafts,
wire bundles, or other components directly through
the gearing’s center. Rated output torques of 69 in.-
Ib. and momentary peak torques of 478 in.-Ib. can be
achieved, HD Systems says, because of the company’s
patented “S” tooth profile. Gear reduction ratios of
50:1 through 100:1 are available in a single stage.
For More Information Circle No. 774
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Autoclavable
Brushless
Motors
Micro Mo Elec-
tronics, Clear-
water, FL, an-
nounces what it
calls the first full
line of autoclavable motors for medical and extreme
operating environments. Based on System Faulhaber
ironless rotor technology, the new design combines
no-cogging, high-acceleration dynamics with powerful
rare-earth magnet systems, according to the company.
Sterilization parameter test for the series is at 134 °C +2
"C, with a watervapor pressure of 2.1 bars. The line can
operate in 100-percent relative humidity in 20-minute
cycles for a minimum of 100 cycles. In case diameters
of 16, 20, 24, 30, and 35 mm, the standard versions are
available in 12 VDC and 24 VDC.

For More Information Circle No. 766

Motion Controller
Boards

National Instruments, Austin,
TX, adds three new motion
controller boards to its prod-
uct line. The PCI-7344 and
PXI"-7344 modules control
both servo and stepper
motor applications for
PCI, CompactPCI, and PXI
systems. The PCI-7324 closed-loop board controls step-
per motor applications for PCI systems. The 7344 con-
trollers are dual-processor devices that directly control

Three Adjustable-
Frequency Drives
Danfoss Electronic Drives,
Rockford, IL, introduces
the VLT* Micro, 2800
series, and 5000 series,
three new adjustable-fre-
quency drives. VLT Micro
are low-cost drives offer-
ing 1/2 to 2 HP, and are
suitable for OEMs and panel builders requiring
small AC motor control. VLT 2800 series drives are
available from 1/2 to 5 HP and offer side-by-side,
horizontal, or vertical mounting capability. VLT
5000 series drives incorporate a sensorless vector
drive system for variable speed and torque control
of AC induction motors from 1-600 HP. VLT 5000
series drives react to system load changes within 3
milliseconds.
For More Information Circle No. 769

Precision Dovetail
Slides
The Setco Group, Master
Division, Cincinnati, OH,
offers the Master DS series
of dovetail slides in three
models: Express, Select,
and Super Select. The
Express slides, engineered
for applications requiring
compact design and quick
shipment, are available in 4-, 6-, 8-, 10-, or 12-in. base
widths. Select slides expand the choice of drive styles,
accessories and sizes, offering base and saddle lengths
in one-inch increments up to 64 in. Super Select
slides, designed around a standard baseline platform,
can meet virtually any requirement in size and capa-
bility, allowing Master’s engineers to create custom
slides without long lead times.

For More Information Circle No. 772

Brush-Com-
mutated/
Brushless DC
Gearmotors
The LO-COG
brush-commu-
tated DC gear-
motors from
4 Pittman, Har-
leysville, PA, utilize spur gearheads and can deliver up
to 500 oz-in. of torque at the output shaft. They are
available in three frame sizes with several length and
performance options. ELCOM" and ELCOM Il slotless
brushless DC gearmotors are equipped with planetary
gearheads, and are also available in three frame sizes
with a range of lengths and performance options.
Pittman says their slotless construction reduces induc-
tance, improving current bandwidth for responsive
control and superior acceleration.
For More Information Circle No. 775

www.nasatech.com

motors with industry-standard command signals,
amplifier inhibit/enable signals, and forward, reverse,
or home-limit inputs for each axis. The PCI-7324 step-
per board controls up to four stepper motors with fully
programmable pulse and direction or clockwise
counter-clockwise output signals.
For More Information Circle No. 767
DSP-
Based
Servo
Drives
The Epsilon
Series servo
drives from
Emerson Motion Control, Chanhassen, MN, oper-
ate direct on-line at 42 to 264 V AC, and are avail-
able in two power ratings: 1.8 A and 3.0 A rms cur-
rent with 2x peak. These are the smallest DSP-
based servos available from Emerson, fitting into a
6-in.-deep enclosure with cables connected. The
motors deliver 5 to 15.8 Ib.-in. at up to 5000 rpm.
Five flexible modes of operation are available: ana-
log velocity, analog torque, pulse follower, digital
velocity preset, and summation of analog velocity
and digital velocity. Standard features include 8
optically isolated 1/0.
For More Information Circle No. 770
Motion
Controller with
Modbus
Galil Motion Con-
trol, Mountain View,
CA, has added sup-
port of the Modbus
- Ethernet protocol
and multi-master and multislave capabilities to the
DMC-2100 standalone controller. Modbus, a serial
bus developed by Modicon that enables communica-
tion between I/O devices, is seen by the industry as
the standard protocol for distributed control sys-
tems, according to Galil. The DMC-2100’s multi-mas-
ter capability enables multiple computers to talk
directly to the controller using Ethernet, and the
multislave capability of the DMC-2100 is in direct
communication to all I/O devices via the Ethernet
local area network.
For More Information Circle No. 773
- ”

Rotational Speed
Monitor
Turck Inc., Plymouth,
MN, announces the mulli-
modul’ MK21-RI, which it
calls the industry’s first
rotational speed monitor
with intrinsically safe
inputs with both relay and
analog outputs. It is
designed to monitor pulse
sequences from NAMUR
sensors in hazardous loca-
tions, convert the pulse input into a 410-20-mA rota-
tional speed output, and indicate overspeed and
underspeed conditions to control equipment in non-
hazardous locations. The device can detect rotational
speed from 1 mHz to 10 kHz. An LCD display indicates
actual speed, measured in user-defined units.

For More Information Circle No. 776
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Transformed Reynolds Number Based on Momentum Thickness

Figure 2. These Flat-Plate Skin-Friction Data were calculated from mea-
surements taken by the boundary-layer rake shown in Figure 1.

rosion and wear. The pitot tubes were machined from 304
stainless steel tubing of 0.04-in. (1.0-mm) outside diameter and
0.0075-in. (0.19-mm) wall thickness that had been annealed to
a 1/2-hard condition. The pitot tubes were then inserted in the
rake body. The tips of the pitot tubes were chamfered to re-
duce their sensitivity to local flow angles. A low-viscosity, single-
component, anaerobic methacrylate ester adhesive (Loctite
609) was used to hold the pitot tubes in place. To help keep the
pitot tubes in place and to protect them from vibrations during
flight, room-temperature-vulcanizing (RTV) silicone rubber
was used to pot the inside of the rake cavity.

A finite-element stress analysis of the rake design showed
very high factors of safety for operation in a supersonic wind
tunnel. The rake passed a ground vibration test in which ran-
dom vibrations of 12 times normal Earth gravitational accel-
eration were imposed for twenty minutes along each of the
three mutually perpendicular directions. A wind-tunnel test
of the rake was conducted in the NASA Glenn Research Cen-
ter 8-by-6-ft (2.4-by-1.8-m) supersonic wind tunnel at mach
numbers ranging from 0 to 2. The rake pitot pressures
agreed well with data obtained from a conventional rake for
the entire range of mach numbers tested. The boundary-
layer profiles obtained from the rake data matched the stan-
dard log-law profile. As shown in Figure 2, values of skin fric-
tion computed from the rake data by use of the Clauser-plot
method agreed well with Preston-tube results and with the
Van Driest II compressible skin-friction correlation.

The rake will be used in a number of future F-15B/FTF
flight experiments. One experiment currently underway is
an in-flight evaluation of new skin-friction gauge concepts:
the rake data as well as the results from a Preston tube will be
used to evaluate the accuracy of new skin-friction gauges. An-
other experiment is planned to validate the microblowing
drag-reduction technique in flight: In this experiment, the
net drag reduction caused by blowing an extremely small
amount of air through a porous plate will be calculated from
the momentum balance of the boundary-layer profiles mea-
sured by the rake in the upstream and downstream regions
of the porous surface.

This work was done by Trong T. Bui and David L. Oates of Dry-
den Flight Research Center. For further information, access the
Technical Support Package (TSP) free on-line at wuwnasatech.com
under the Mechanics category.

Inquiries concerning rights for the commercial use of this inven-
tion should be addressed to the Patent Counsel, Dryden Flight Re-
search Center; (805) 258-3720. Refer to DRC-98-94.
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@ Special Coverage: Test and Measurement

Optical System Trends Mean New
Test and Measurement Requirements

What is the trend in fiber optics? It is
simple to say that there has been an ever-
growing need to transmit data at ever-
higher data rates. Regardless of the ap-
plication — commercial or military, land
or sea, air or space — people want to
move more data and move it faster than
ever before. In response, single-wave-
length, singlemode telephony systems
have given way to higher throughput,
dense waveléngth-division multiplexed
(DWDM) broadband systems. The once
moderate data rates of multimode
LANs, campus backbones, and avionics
links have given way to new systems with
Gigabit throughput.

Enhanced system performance has
spawned both the development of new
components (i.e., DWDM filters) as well
as the higher performance grades of ex-
isting components (i.e., fiber, splitters,
couplers, and optical amplifiers). The
increased complexity and performance
demands of these new high-throughput
systems have meant more complex test-
ing and performance verification on
both the direct component level as well
as the finished link. As a result, fiber
optic test and measurement equipment
has been forced to further evolve to
meet these advanced measurement
needs.

Evolving Acceptance Testing
Requirements

The early 1970s saw the deployment
of the first optical communication sys-
tems based on multimode fiber and
light-emitting diode (LED) sources. By
the mid-1980s, a significant evolutionary
shift occurred as telephony and broad-
band applications made the switch to
singlemode fiber. This switch was fueled
by the availability of singlemode-com-
patible laser transmitters, which offered
the higher modulation rates (1 GHz+)
and higher output powers (up to several
100mW) needed to support interoffice
trucks and long-haul telephony links.

Multimode technology did not sit still.
Continued evolution in component and
production technology finally brought
multimode fiber to the critical point of
cost parity versus copper. Multimode

50

fiber took to the LAN battleground as
fiber-based implementations of Ethernet
(10 Mb/s) took root, followed by the de-
velopment of the Fiber Data Distributed
Interface (FDDI) network standard.
FDDI became the industry standard for
campus backbone and private networks
until about 1990.

The pressure for increased band-
width, along with the development of
cost-effective multimode laser transmit-
ter technology, has brought multimode
to the Gigabit plateau. Over the last few
years, 10 Mb/s Ethernet has given way
to Gigabit Ethernet (GbE), using its
high-speed pipeline to enhance system
performance in applications like cam-
pus  backbones and  switch-to-
switch/switch-to-server applications. Fi-
breChannel has evolved to Gigabit
FibreChannel (GFC), and OC-3 (150
Mb/s). Asynchronous Transfer Mode
(ATM) technology has given way to
higher speed OC-12 (500 Mb/s) and
0OC-24 (1 Gb/s) products. In a quest for
higher performance at lower costs, ex-
pensive 1300-nm multimode laser tech-
nology has been supplanted by 850-nm
Vertical Cavity Surface Emitting Laser
(VCSEL) technology offered in low-
cost, integrated transceiver packages. In
time, the need for longer link lengths
will drive VCSEL technology to the
lower-loss 1300-nm operating window.

The shift to laser sources brings the
need for characterizing and controlling
back-reflections (also called return loss),
never a prior concern with low-coherent
LED sources. Back-reflections are pre-
sent in all fiber optic systems, both sin-
glemode and multimode. However, com-
ponents used in multimode systems tend
to cause higher reflections, and gener-
ate lower return loss values, in part due
to the greater physical dimensions of the
connector interfaces and higher back-
scatter level of the fiber.

The commercial data communica-
tions sector is just learning that control
and verification of the optical connec-
tors’ polished endface is no longer just a
requirement for singlemode connec-
tors. Controllling radius of curvature,
apex offset, fiber height, and APC angle

www.nasatech.com

are necessary to assure consistent per-
formance among randomly mated con-
nectors. Also important is how endface
control directly affects connector relia-
bility over time, temperature, and other
environmental influences.

New military and aerospace network
standards are observing the lessons
learned from the commercial telecom-
munications sector and recognize the
need to characterize all performance
variables for both reasons of system per-
formance and mission critical reliability.
Insertion loss, return loss, and connec-
tor endface geometry comprise the criti-
cal elements under review.

Thus, higher standards of perfor-
mance and requirements for more com-
prehensive and complex acceptance
testing have emerged. Unlike the simple
loss-only test requirements of the early
FDDI era, commercial Gigabit has estab-
lished a longer list of required tests to be
applied on both the component and sys-
tem levels.

Previous Gigabit test requirements
meant insertion loss for connectors,
span loss for fibers, and end-to-end link
loss for the overall link. The new MM Gi-
gabit test requirements mean insertion
loss, return loss, and endface geometry
for connectors; span loss for fibers; and
end-to-end link loss and optical return
loss (ORL) for the overall link.

Singlemode Systems:

New Test Requirements
Traditionally, singlemode fiber has

been the domain of the high date rates

combined with long distances (up to sev-

eral 100 km with optical amplifiers).

These single-carrier systems require sim-

plified optical layer testing as follows:

¢ Connectors: Insertion loss, return loss,
and endface geometry

® Fibers: Span loss, chromatic disper-
sion, polarization dependent loss
(PDL), and polarization modal disper-
sion (PMD)

® Multiplexers and Demultiplexers: In-
sertion loss, return loss, polarization
dependence

¢ Transmitter: Output power and long-
term stability

NASA Tech Briefs, December 1999



* Receivers: Receiver sensitivity, input
power range, signal degradation, and
loss of signal threshold

® Overall Link: End-to-end link loss and
Optical Return Loss (ORL)

The Internet has led to an insatiable
demand for bandwidth in the telecom-
munications transport network. The
existing network can no longer sup-
port demand, leading to fiber exhaus-
tion in many high-traffic locations
where optical transmission systems op-
erate at only one wavelength. Conse-
quently, service providers have begun
deploying dense wavelength division
multiplexing (DWDM) systems along
with higher speed SONET transport
networks to solve these fiber exhaust
situations. DWDM allows several wave-
lengths of light in the 1550-nm low-
loss wavelength window to be multi-
plexed onto a single fiber, thereby
increasing its capacity. For example,
16 channels of OC-48 data equals a
total throughput of 40 Gb/s. In the
not so distant future, we can expect to
see DWDM systems with up to 196
channels operating at even higher
OC-768 (10 Gb/s) rates, which equals
the incredible throughput of nearly 2
Terabits/sec (Th/s).

DWDM deployment has dramatically
increased the complexity of these mea-
surements by adding the wavelength de-
pendence factor. Unlike its single-wave-
length brethren, DWDM optical layer
testing incorporates an expanded array
of tests, including:
® Connectors: Insertion loss, return loss,

and endface geometry

® Fiber: Span loss, chromatic dispersion,
PDL, PMD

¢ Dispersion Compensating Devices: In-
sertion loss, PDL, delay ripple, and loss
ripple versus bandwidth

® Transmitters: Wavelength accuracy,
spectral width, output power, long-
term output stability, side mode sup-
pression, and extinction ratios

® Receivers: Receiver sensitivity, input
power range, signal degradation, and
loss of signal threshold

* Dense Multiplexers and Demultiplexers:
Central wavelength, bandwidth,
tion loss, and ripple of each individual
passband; channel differential loss or de-
vice ripple; and PDL versus wavelength

e Optical Amplifiers: Gain versus wave-
length, spectral gain flatness, gain
equalization, optical signal-to-noise
ratio (OSNR), amplifier noise fig-
ure/gain ripple/tilt versus bandwidth
and varying gain levels, optical return
loss (ORL)

* Optical Add/Drop Multiplexers (OADM):
Passband insertion loss and ripple, chan-
nel isolation, ORL., and PDL

inser-

NASA Tech Briefs, December 1999

¢ Overall Link: End-to-end link loss, Op-
tical Return Loss (ORL), and PMD
DWDM components require a very
complex set of performance measure-
ments. Today’s DWDM system mea-
surements are performed by essen-
tially single-function, laboratory-style
test equipment carried out to the field,
and run on AC power. Consequently,
the commercial roll-out of DWDM
transmission systems is forcing the de-
velopment of new generations of opti-
cal test sets that need to be fully
portable to support efficient field op-
eration. The evolving multi-function

DWDM test set must also strive to inte-
grate a full range of measurement
capabilities, including:
® Optical spectrum analyzer (OSA)
* Wavelength meter
¢ Chromatic dispersion meter
* PDL and PMD test set
¢ Optical return loss (ORL) meter
¢ Optical insertion loss (OIL) meter

For more information, contact the author
of this article, Dennis Horwitz, Vice Presi-
dent, Mil-Aero Division, RIFOCS Corpora-
tion, 1340 Flynn Rd., Camarillo, CA
93012; Tel: 805-389-9868; Fax: 805-389-
9808; www.rifocs.com.
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INDUSTRIAL
COMPUTER:
COMPLETE SOLUTION
FOR EXTREME
ENVIRONMENTS

The compact, low-profile Pro-

Panel® from Azonix is fully sealed
and shielded against shock, vibration, dust, liquids,
and EMI/RF1. Low-power/temperature design, inte-
gral heat sinks ensure longer MTBE. Features include
dual-use ISA/PCI card slots; Pentium processor;
TCP/IP-readiness; 15" integral display: and self-adjust-
ing hi-brite. ProPanel is designed for applications in
harsh, hazardous environments. Buy off-the-shelf or
adaptively engineered. Azonix; Tel: 800-365-1663;
WWW.azonix.com

Azonix
For More Information Circle No. 610

2000 COMPUTER-
BASED MEASUREMENT
AND AUTOMATION
CATALOG

The National Instruments 2000

catalog features hundreds of soft-
ware and hardware solutions for solving your mea-
surement and automation applications. New prod-
ucts include additions to our modular CompactPCI
(PXI) platform, new computer-based instruments,
and our latest software offerings such as LabVIEW
RT for making real-time applications easy. Call for a
FREE 2000 Catalog or find it online at www.ni.com.
National Instruments; Tel: 512-794-0100, 800-433-
3488 (U.S. and Canada); Fax: 512-683-9300; e-mail
info@ni.com; www.ni.com/catalog

National Instruments
For More Information Circle No. 611

NATIONAL
INSTRUMENTS
LABVIEW RT

Find out how the LabVIEW

graphical programming envi-

ronment now makes real-time

and reliable data acquisition

and control applications easy

to develop. With National
Instruments LabVIEW RT, you can create real-time
LabVIEW applications that run embedded on new
RT Series processor-based data acquisition boards.
Call or visit the Web for free literature. National
Instruments; Tel: 512-794-0100, 800-452-6914 (U.S.
and Canada); Fax: 512-683-9300; e-mail:
info@ni.com; www.ni.com/labviewrt

National Instruments
For More Information Circle No. 612

ELECTRONIC
IMAGING RESOURCE
GUIDE

Edmund Industrial Optics

M announces its new Electronic

Imaging Resource Guide.

Desngned to meet the needs of electronic imaging sys-

tem integrators, it combines a dedicated imaging cata-

log with helpful text on the fundamentals of optical

imaging, substantial application notes and detailed

charts/graphs to explain each product’s benefits. Over

500 optical products are presented within the 132-

page Resource Guide. Edmund Scientific Co.,

Industrial Optics Division, 101 East Gloucester Pike,

Dept. B991N954, Barrington, NJ 08007; (609) 573-
6250; fax: (609) 573-6295; web site: www.edsci.com.

Edmund Industrial Optics

For More Information Circle No. 613

OMEGA’'S
VOLUME MM™
TEMPERATURE
HANDBOOK

OMEGA Engineering, Inc., a
global leader in the technical
marketplace, has released its
Volume MM™ Temperature

Handbook, which includes an

expanded technical reference section. Over 40,000 prod-
ucts for process measurement and control are featured
on over 2,000 fullcolor pages. To obtain a request form
by fax, call 1-800-8484271 and request Document #2000.
OMEGA Engineering, One Omega Dr., PO. Box 4047,
Stamford, CT 06907-4047; Tel: 203-359-1660; Fax: 203-
359-7700; e-mail: info@omega.com; www.omega.com

OMEGA Engineering
For More Information Circle No. 614

SMALL PARTS
CATALOG NO. 20
QUALITY
COMPONENTS,
MATERIALS, AND
TOOLS

This catalog is packed with prod-
ucts for engineering design, research and develop-
ment, prototypes and modeling, and industrial
assembly. Thousands of items are in stock, including
miniature fasteners, specialty components, fluid
and motion control devices, select materials, and
precision tools. SMALL PARTS, INC., 13980 NW
58th Court, Miami Lakes, FL, 33014, Attn: Free
Catalog - Dept. 109B; Tel: 800-220-4242; Fax: 800-
423-9009; www.smallparts.com

SMALL PARTS, INC.
For More Information Circle No. 615

| TUESDAYS AT
TEN: ALGOR LIVE
WEBCASTS

Join Algor every Tuesday at
10:00 a.m. Eastern Time
for a live Webcast to learn
more about Algor’s soft-
ware from the most basic
to full Mechanical Event
Simulation. Engineers can
phone or email questions
to be answered by Algor engineers during the
Webcast. Address: 150 Beta Dr., Pittsburgh, PA
15238; Phone: +1 (412) 967-2700; Email:
webcast@algor.com; or Fax: +1 (412) 967-2781;
www.algor.com/webcast

Algor, Inc.
For More Information Circle No. 616

ALGOR SOFTWARE
ELIMINATES TIME
& COST OF
PERFORMING
PHYSICAL TESTS

Use Algor’s Mechanical Event

Simulation (MES) and kine-
matic element technology to simultaneously replicate
motion and flexing for linear and nonlinear events on
CAD solid models. MES eliminates the need to deter-
mine forces by external calculation because it does not
require internal dynamic loading input. Use InCAD™
to import designs from popular CAD solid modelers
into Algor’s MES. 150 Beta Drive, Pittsburgh, PA 15238
2932; Phone: +1 (412) 967-2700; Fax: +1 (412) 967-
2781; E-mail: info@algor.com; website: www.algor.com

Algor, Inc.
For More Information Circle No. 617

SEE THE ALL-NEW
PIPEPAK AT
WWW.PIPEPAK.COM

' Visit www.pipepak.com and

discover the powerful

design, analysns and reporling capabilities of Algor’s

PipePak 7.0. PipePak 7.0 features the new Report

Wizard to generate a customized HTML report,

enhanced visualization to view results and user-

friendly, Windows-compliant input screens. 150

Beta Drive, Pittsburgh, PA 15238-2932; Phone: +1

(412) 967-2700; Fax: +1 (412) 967-2781; E-mail:
info@algor.com; website: www.algor.com

Algor, Inc.
For More Information Circle No. 618

SPIRAL RETAINING
RING CATALOG

Smalley Steel Ring Co. intro-
duces the new "99 edition cat-
alog, #RR-99. It offers more
than 4000 stock Spiral
Retaining Rings, available in
both carbon or stainless steel,
with diameters ranging from
3/8" to 84". Complete engineering data is included
in this 56-page manual. Spirals have no ears to
interfere. Spiral Retaining Rings install easily and
can be removed with a screwdriver. Smalley engi-
neers are available for free design help. Smalley
Steel Ring Co., 385 Gilman Ave., Wheeling, IL,
60090; Tel: 847-537-7600; Fax: 847-537-7698;
www.smalley.com

Smalley Steel Ring Co.

For More Information Circle No. 619

LINDGREN

SHIELDING SYSTEMS
FOR INDUSTRIAL
APPLICATIONS

Lindgren RF Enclosures, Inc.,
offers an 8-page brochure on its
Double Electrically Isolated
(DEI) RF Enclosures, which

provide the highest level of
EMI/RFI shielding for many industrial, communica-
tions, and government applications. DEI enclosures
meet high-performance requirements for pager,
cordless and wireless repair, cellular system produc-
tion, security, research, and EMI/RFI testing and cali-
bration. Lindgren RF Enclosures, Inc., 400 High
Grove Blvd., Glendale Heights, IL 60139; Tel: 630-
307-7200; Fax: 630-307-7571; www.lindgrenrf.com

Lindgren RF Enclosures, Inc.

For More Information Circle No. 620

LAYUP MOLDS FOR
COMPOSITES
DRASTICALLY CUT
TIME & COST

The patented Magnaplate CMPT®

process is a “breakthrough” in

layup-mold technology that saves
time and costs for fabricators of large, contoured, rein-
forced composite parts. This dense, multi-directional
metal-weaving process eliminates machining toolfaces
from large, expensive metal ingots or castings.
Magnaplate CMPT reduces production time for large
toolfaces to as little six weeks while slashing costs by one
third. General Magnaplate Corp., 1331 Route 1,
Linden, NJ 07036; Tel: 800-852-3301; Fax: 908-862-6110;
e-mail: info@magnaplate.com; www.magnaplate.com

General Magnaplate Corp.
For More Information Circle No. 621




GEOTEST'S 1999
CATALOG
The new, free 120-page 1999
PC-Based Test Solution Source
Book from Geotest (Marvin
Test Systems Inc.) features
more than 100 PC-based prod-
ucts for ATE, data acquisition,
process control, and test-and-measurement applica-
tions. New products include: GT5150 Dynamic
Digital 1/0; GT1160 - 60 MS/Sec AWG and DDS sig-
nal source; GTXI7700 PCI and ISA Instrumentation
Chassis; power supplies, and more. Call for your free
copy: Geotest/Marvin Test Systems, Inc., Tel: 888-
TEST-BY-PC (837-8297) or 949-263-2222; e-mail:
sales@geotestinc.com; www.geotestinc.com

Geotest/Marvin Test Systems, Inc.
For More Information Circle No. 622

INSTRUMENT DATA
ACQUISITION
The SoftwareWedge™ directs
serial (RS-232, RS-485, RS-
422) data from any instru-
ment into any Windows 3.x,
95, or NT application such as
Excel, MMIs, VB, Control,
and Statistical applications.
This configurable driver pro-
vides full data acquisition and
control of PLCs, data loggers, scales, flow meters,
lab instruments, etc. Please contact TAL
Technologies, Inc., 2027 Wallace St., Philadelphia,
PA 19130; Tel: 800-722-6004 or 215-763-7900; Fax:
215-763-9711; hup://www.taltech.com

TAL Technologies, Inc.
For More Information Circle No. 623
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THERMO-
COUPLES,
MAKE YOUR
OWN

The HOTSPOT allows
thermocouple wire to
be formed into free-
standing junctions, or
welded to metal sur-
faces. It provides a sim-
ple means of fabricat-
ing thermocouples “when needed and where need-
ed.” Brochure and specification sheet available.
Address: 7300 North Crescent Blvd., Pennsauken,
NJ 08110. Tel: 856-662-7272; Fax: 856-662-7862;
http:/ /www.thomasregister.com/dcc

DCC Corp.
For More Information Circle No. 624

1999 PCMCIA
PRODUCTS CATALOG

The new 1999 Envoy Data PCM-
CIA source catalog features the
latest PCMCIA drives USB, PCI,
and SCSI.
* Rechargeable SRAM Cards,
Linear Flash Cards for Routers,
Solid State Flash Drives
® Smart Card Readers, Serial PCMCIA
* 1/0 Products, Fax/Data, Ethernet Cards
* Digital Photography and PDA Packages
* Technical Application Notes
Envoy Data Corp., 6 East Palo Verde, Ste. 3, Gilbert,
AZ 85296; Tel: 800-368-6971; 480-892-0954; Fax:
480-892-0029; e-mail: info@envoydata.com;
www.envoydata.com

Envoy Data Corporation
For More Information Circle No. 625

Hiram Jones Elec-
tronics, Inc./A Di-
vision of the Sea-
strom Hardware
Group manufac-
tures a complete
line of standard
miniature and sub-
miniature terminals
including: insulated
test jacks, assembled
standoffs and press-
type terminals. All
standard catalog
items are available
for immediate pricing and delivery. Call today for
your free 27-page catalog: 800-634-2356.

Hiram Jones Electronics, Inc.

For More Information Circle No. 626

INTELLIGENT DATA
ACQUISITION

Onboard Intelligence
provides

*® Real-Time Processing

* Network Access

¢ DSP Commands

¢ Control Loops <1 ms with
¢ External Expansion

* 19" Industrial Racks

* High-Speed 1/0

* Standard PC GUIs

Call now for your free catalog! Microstar
Laboratories, Inc., Tel: 888-MSTARLABS (678-
2752) or 425-453-2345; Fax: 425-453-3199; e-mail:
info@mstarlabs.com; www.mstarlabs.com

S
o

Microstar Laboratories, Inc.
For More Information Circle No. 627

FREE 1999 PC &
PCMCIA
SOLUTIONS
HANDBOOK

Quatech’s new 1999 product

handbook details our exten-

sive line of quality communi-

cation, data acquisition, and

signal conditioning products
for PCMCIA, ISA, PCI, and USB. New for 1999 are
2-8 port RS-282 and RS-422/485 PCI serial adapters
and 2 & 4 port RS-232 USB serial adapters. Product
overviews, photos, and complete technical specifica-
tions are provided. For your free copy call 1-800-
553-1170, e-mail sales@quatech.com, or visit our
Web site at www.quatech.com.

Quatech, Inc.
For More Information Circle No. 628

SEASTROM
MACHINING
DIVISION
EXPANDS

7 A

Seastrom Machining Di-
vision has expanded their capabilities to include
short- to long-run machined products utilizing Swiss
& automatic screw machines, CNC lathes, and CNC
vertical milling 4-axis. Seastrom is capable of wrn-
ing precision metallic and non-metallic products
from .010" 1o 1.000" diameters on production screw
machine equipment; from 1" to 14" diameters on
production CNC lathe equipment; and up to 20" x
40" production 4-axis vertical millwork. Seastrom
Mfg. Co., Inc.; Tel: 800-634-2356; Fax: 208-734-7222;
e-mail: seaeng@micron.net

Seastrom Mfg. Co. Inc.
For More Information Circle No. 629

THE SOURCE
FOR
ELECTRONIC &
MECHANICAL
HARDWARE

Seastrom takes pride
in offering one of the
widest selections of
standard electronic
and assembly hard-
ware available from
stock. Seastrom’s 66-A
Catalog provides a complete source for over
45,000 products. For a free 550-page catalog, call
800-634-2356.
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Seastrom Mfg Co. Inc.

For More Information Circle No. 630

FIBRE CHANNEL
COMMUNICATIONS

The FibreXpress® Network
and Simplex Link™ System are
designed to maximize the
high-speed connection capa-
bilities of Fibre Channel. With
sustained data rates up to 105
MB/sec, the FibreXpress
Network is the ideal connec-
tion solution for all types of high-throughput imag-
ing and DSP applications. Ask for your FREE copy
of our updated, 62-page Fibre Channel Technical
Overview! Systran Corp.; 4126 Linden Ave., Dayton,
OH, 45432; Sales: 800-252-5601; Tel: 937-252-5601;
Fax: 937-258-2729; e-mail: info@systran.com;
WWW, Systran.com

Systran Corporation
For More Information Circle No. 631
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New!
Apollo 11
Commemorative T-Shirt

Celebrate the 30th anniversary of the his-
toric moon landing in style. Striking full-
color emblem on quality white cotton shirt.
Available while supplies last in adult sizes S,
M, L, XL, XXL; youth sizes 6-8, 10-12, or 14-
16. Also offered in a white sweatshirt (adult
sizes only). $15.95 T-shirt/$23.95 sweatshirt.
Add $5.00 to order for postage/handling.
Mail payment to: Associated Business
Publications, Dept. F,, 317 Madison Avenue,
Suite 1900, New York, NY 10017. Call (212)
490-3999 for credit card orders.




Busak+Shamban and For-
sheda have formed a new
team poised to advance our
extensive range of engineered
sealing solutions. Our com-
bined product portfolio,
industry knowledge, customer
networks, and sealing technol-
ogy expertise have been
merged to form a new divi-
sion, TI Group Specialty
Polymer Products.

The main focus is providing
world-leading technology and
competitively superior service
to our customers. In response

SPECIAL ADVERTISING SUPPLEMENT TO NASA TECH BRIEFS

INDUSTRY
'EADERS

Profiles Of Pathsetting Companies Serving The Engineering Field

BUSAK+SHAMBAN

A New World Leader in Polymer Sealing Solutions

to the increasing global-
ization of our key mar-
kets, we will offer prod-
ucts that meet or exceed
safety, environmental,
and key performance
demands.

Both Busak+Shamban
PTFE thermoplastic and
thermoset products and
Forsheda elastomer pro-
ducts offer well-known and
respected polymer sealing and
bearing solutions, with strong
brand names such as Zurcon®,
Turcon®, Turcite®, Orkot®,

Variseal, Isolast,
Polypac, and
Dowty Seals. We
will become the
supply partners
of choice for cus-
tomers seeking
advanced poly-
mer sealing solu-
tions that will add
value to their end
products. TI Group Specialty
Polymer Products will succeed
worldwide by attracting cus-
tomers who want to realize
excellence.

The new TI Group Specialty
Polymer Products has:
® £400m / $700m sales
® 34 manufacturing
facilities
® Nearly 7000 employees
® 46 sales and marketing
offices
* Locations in over 30 coun-
tries
For more information, contact
Busak+Shamban at 800-767-3257;
wuww.busakshamban.com
Circle No. 650

INTEGRATED ENGINEERING SOFTWARE

World Leaders in Electromagnetic Design and Analysis Software

Integrated Engineering Soft-
ware is the world’s leading sup-
plier of electromagnetic design
and simulation software. Used
by thousands of engineers
worldwide, Integrated’s prod-
ucts — Magneto, Amperes,
Electro, Coulomb, Oersted,
Faraday, Lorentz, and Singula
— allow computer modeling of
complex electromagnetic de-
signs before building a costly
prototype. All of Integrated’s
software is based on the inno-
vative Boundary Element

Method (BEM). Unlike other
programs using the finite ele-
ment method (FEM), utiliza-
tion of the BEM means that only
active regions of a model
require discretization. Fields
can be calculated anywhere else
in the universe. The BEM also
allows for modeling of true
geometry curvature rather than
straight-line approximations.
Models with thin layers and
extreme aspect ratios are han-
dled more easily than with
FEM. Fields are calculated by

integration, effectively smooth-
ing out discretization and
round-off error. FEM uses dif-
ferentiation, which tends to
amplify error. The BEM is
therefore recognized as the
most powerful, efficient and
accurate approach for model-
ing electromagnetic devices,
components and systems.
Integrated takes pride in
combining state-of-the-art tech-
nology with quick, responsive
customer service and support.
For more information, contact

2

Integrated Engineering Software,
300 Cree Crescent, Winnipeg,
MB, Canada R3] 3W9; Tel: 204-
632-5636; Fax: 204-633-7780;
e-mail: info@integrated.ca; www.
integrated.ca.
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MICROWAY, INC.

Since 1982, Microway has
earned its reputation as the
“World Leader in High Per-
formance Numerics” in the
workstation and server user
community. Currently, Micro-
way specializes in designing
custom configurations of
Alpha, Sun, and Pentium-
based workstations and
Beowulf clusters.

The company is renowned
for its expertise in large,
sophisticated configurations,
as well as offering high-end
technical support services.
Users can configure custom
systems and clusters for a wide
variety of research applica-
tions. They can purchase from

54

the website one of a num-
ber of Microway precon-
figured performance-
based workstations or
cost-effective 10- to 200-
node clusters.

Microway clusters are
preferred by university
chemistry, computer sci-
ence, and physics depart-
ments worldwide, as well
as government-funded
research organizations
including NIST, NASA,
NIH, LANL, Lincoln
Laboratory, and CDC.

Recently, Microway
configured a 200-proces-
sor Linux Beowulf cluster for
a major midwestern universi-

Microway 48Node
Linux Beowulf Cluster

ty. Microway
was the only
vendor able
to provide the
exact configu-
ration need-
ed, and at
the most com-
petitive price.

The cluster
pictured here
has a peak
throughput of
72 Gigaflops
when config-
ured with 48
21264DP
Alpha proces-
sors running at 750MHz. The
same rack enclosure will hold

www.nasatech.com

64 Alpha 21264 processors,
providing a maximum
throughput of 96 Gigaflops.

We invite you to visit our
website or call one of our
extremely knowledgable tech-
nical sales consultants. You
will then understand why over
75% of Microway’s system
configuration business comes
from repeat customers.

For more information, contact
Microway, Inc., Research Park,
Box 79, Kingston, MA 02364;
Tel: 508-746-7341; Fax: 508-746-
4678; e-mail: info@microway.com;
WWW. microway.com
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PENN ENGINEERING & MANUFACTURING
CORPORATION

Founded in 1942, Penn
Engineering & Manufacturing
Corp. develops, manufactures,
and markets PEM?® self-clinch-
ing fasteners, SI” brand inserts
for plastics, PEMSERTER” fas-
tener installation equipmem.
and the STICKSCREW " auto-
matic screw insertion system.
The company's Pittman Di-
vision designs and manufac-
tures dc motor solutions for a
wide range of commercial and
industrial applications.

Self-Clinching  Fasteners.
PEM fasteners provide strong,
quality threads in metal and PC
boards too thin to be tapped.

SI Inserts for Plastics. SI
inserts are specified where
strong, durable metal threads
are required in plastic materials.

PEMSERTER
Presses. PEMSERT-
ER presses are de-
signed and built to
easily and accurately
install PEM  self-
clinching fasteners.

STICKSCREW
System. The STICK-
SCREW system is a
unique small screw
installation system
that eliminates ex-

- pensive screw han-
dling equipment and loose hard-
ware. The screws are tightened
to an exact torque as determined
by the stick/screw design.

Pittman Motors. The compa-
ny’s Pittman Division products
include a variety of dc motor
solutions. These include brush
and brushless motors and gear-
motors.

For more information, contact
Penn Engineering & Manufac-
turing Corp., 5190 Old Easton Rd.,
Danboro, PA 18916-1000; Tel:
215-766-8853; Fax: 215-766-
0143; e-mail: pem@pemnet.com;
www. pemnet.com
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SYNRAD, INC.

Since its start in 1984,
Synrad, Inc., has delivered
more CO, lasers to industry
than any other manufacturer.
Founded by Peter Laakmann,
who pioneered the RF-excited
CO, laser, and now a sub-
sidiary of Excel Technology,
Synrad has come to be recog-
nized as a leader in the devel-
opment of sealed CO; lasers
and electro-optics technolo-
gies. Currently, over 20,000
Synrad lasers are in use world-
wide, cutting, marking, dril-
ling, and perforating a multi-
tude of materials.

Headquartered north of
Seattle in Mukilteo, Wash-

ington, Synrad operates on
a simple philosophy — to
design and manufacture a
range of high-technology
products that are easy to use,
reliable, and affordable,
thereby opening up new appli-
cations for sealed CO; laser
technology worldwide.

Synrad lasers, when com-
bined with suitable optical
assemblies, motion systems,
and computer controllers,
have countless manufacturing
applications, and new applica-
tions continue to be discov-
ered daily. These lasers are
ideal in applications involving
drilling, cutting, and marking

on steel, plastic, wood, paper,
fabric, and other organic
materials.

Available with output pow-
ers from 10 to 240 watts,
Synrad lasers feature the
patented “all-metal” tube
design, which ensures a high
laser gas purity, and therefore
an exceptionally long operat-

ing lifetime. In fact, a Synrad
laser can be expected to per-
form continuously for more
than 35,000 hours with no
maintenance requirements.
The durable metal tube
enables these lasers to with-
stand harsh industrial envi-
ronments, and because the
tube can be simply and inex-
pensively produced, a Synrad
laser is very affordable.

For more information on laser
technology and Synrad’s sealed
CO; lasers, contact a sales engi-
neer at 1-800-SYNRAD-1, or visit
Synrad on the World Wide Web at
www.synrad.com.
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DIGI-KEY CORPORATION

From its beginnings in 1972,
Digi-Key has earmned a reputa-
tion of leadership in the elec-
tronics distribution industry
resulting from a unified com-
mitment to product availability,
service, and performance. Digi-
Key bridges the gap between
suppliers and customers, deliver-
ing product and information
with efficiency and reliability.

At the comerstone of their
marketing program is a 550-plus-
page fullline catalog containing
over 80,000 products from 195
plus vendors. Approximately 4.5
million customers and sub-
scribers receive this catalog year-
ly with updates made every 90
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days to accommodate constant
product-line expansion and
accurate pricing information.
Digi-Key also offers a compre-
hensive electronic media pres-
ence on the World Wide Web.
Recognized as one of the indus-
ury's best sites, the link is open 24
hours a day, seven days a week
(www.digikey.com). Beyond the
obvious convenience, you will
notice great content, access
speed, ease of navigation, online
parts search capabilities, online
ordering, and communication
options. In-depth information
can be accessed through many
industry links or an exact elec-
tronic copy of the latest catalog.

Find out for yourself why
Digi-Key is the source for
design engineers, managers,
and purchasers. ISO 9002-
certified, committed to
product availability, a 90-
plus-% fill rate, on-time
delivery — from prototype
to production — quality
products, superior service,
and performance.

For more information, con-
tact Digi-Key Corp., 701 Brooks
Avenue South, Thief Rrver Falls,
MN 56701; Tel: 800-344-
4539; Fax: 218-681-3380;
wurw.digikey.com
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AMTEC ENGINEERING, INC.

A Leader in CFD and Physical Process Visualization

Tecplot 8.0

Unmatched Visualization
for Physical Process
Simulation!

Tecplot's unique combina-
tion of ease of use, flexibility
and real-world problem solv-
ing make it the tool of choice
for scientific and engineering
data visualization.You'll gain a
competitive edge with Tec-
plot's feature-rich capabilities
and cross-platform compatibili-
ty. And with Tecplot, there is
practically no learning curve
— simply load your data and
start visualizing and tailoring
your plots.

Publish your

results directly to
the Internet with
new Tecplot 8.0!

Tecplot 8.0 empowers scien-
tists and engineers to commu-
nicate more effectively via the
internet with new options for
publication and collaboration.

Tecplot 8.0 features include:
* Directly access remote data

via the ftp and http protocols
® Publish results directly to

the web
¢ Output plots in BMP, PNG

& AVI web browser support-

ed formats
® Provides unmatched, built-

in Internet connectivity
* Delivers unsurpassed ease-
of-use

Amtec Add-ons:
CFD Analyzer:
Simplify Your CFD
Post-Processing

Amtec's CFD Analyzer pro-
vides Tecplot users with exten-
sive analysis capabilities for
post-processing CFD data. In
addition to calculating fluid
dynamics variables and per-
forming integrations, CFD
Analyzer creates time-depen-
dent particle paths and per-
forms error analysis of CFD
results. CFD analyzer is an add-
on accessed from Tecplot's
Tools menu to quickly provide
you with a rich set of features
that enhance your productivi-
ty. Your time is valuable—let
CFD Analyzer help you get the
most out of your data.

Mesh Generator

Mesh Generation Made Easy
Mesh Generator provides

Tecplot users the power to
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increase productivity by quick-
ly generating computational
meshes in a single system for
pre-and post-processing.

Our Company — Amtec is a
market leader in CFD and
physical process visualization.
Since 1981, we have released
numerous versions of Tecplot,
our award-winning visualization

product, and other software
tools for scientists and engineers.

Our Mission Deliver
effective software solutions for
scientists and engineers to dis-
cover, analyze and communi-
cate results.

Our Customers — Amtec
products have enabled thou-
sands of scientists and engi-
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neers worldwide to produc-
tively visualize technical
data and to numerically sim-
ulate fluid flows. Our global
customer base includes lead-
ing companies, universities
and government research
agencies.

Our Staff — At Amtec, peo-
ple make the difference. Our
team of highly skilled
and creative profession-
als are dedicated to pro-
viding useful and high
quality products and ser-
vices to our valued cus-
tomers. We constantly
make innovative en-
hancements to our prod-
ucts based on customer
feedback. We take pride
in taking the extra effort
to help our customers be
successful.

For more information, con-
tact Amtec Engineering,
Inc., 13820 SE Eastgate
Way, Ste. 220, Bellevue, WA
98009-3633; Tel: 1.800.
763.7043 or 425.653.1200;
e-mail: info@amtec.com,
www.amtec.com
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Download a Free
Demo at
www.amtec.com
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FLUORAMICS, INC.

Fluoramics is the company
everyone calls when their
machinery is using too much
down time and not running
smoothly the rest of the time.

They are the inventors,
manufacturers, and distribu-
tors of the “Tufoil® product
line, which includes industrial
lubricants, greases, oxygen-
safe sealants, and even custom
lubricants when necessary.

In their 25-year history,
Fluoramics has been no
stranger to awards. Several
years ago, The Guinness Book of
World Records chose Tufoil as
“The World’s Most Efficient
Lubricant” because of its out-
standing ability to reduce fric-

tion and wear. Frank Reick,
the inventor of Tufoil and
President of Fluoramics, was
chosen “Inventor of the Year”
in New Jersey in 1990.

It's worth the trip to the
www.tufoil.com web site. You'll
find the full data sheet and
MSDS on each award-winning
product that you can print out
and use at your convenience.

For more information, contact
Fluoramics; Tel: 800-922-0075
or 201-825-8110; Fax: 201-825-
7035; e-mail: fgreick@ix.netcom.
com; www.tufoil.com

Circle No. 657

KEITHLEY INSTRUMENTS,

A World of Measurement Solutions

Keithley Instruments, Inc.
develops highly accurate
instruments and data acquisi-
tion products that measure low
levels of voltage, resistance, cur-
rent, capacitance, and charge,
along with complete system
solutions for high-volume pro-
duction and assembly testing.

As a world leader for over 50
years in precision electri-
cal measurement solutions,
Keithley specializes in equip-
ment for research, design
engineering, and production
test applications in a wide
range of electronics industries.

Communications

Keithley offers a broad line of
fully integrated products for
testing portable telecommuni-
cations devices such as cellular
phones, pagers, mobile radio
base stations, and digital switch
systems used in product design,
production, and QA/ QC labs.

INC.

Semiconductors

Keithley's products include
instruments and systems widely
used in design and develop-
ment, as well as systems for
parametric testing.

Electronic Components

Keithley's growing line of
high-throughput solutions for
component testing encompass-
es the entire spectrum of con-
trol, connect, and source-mea-
sure instrumentation.

Recently, Keithley test and
measurement innovations have
included an expanded selection
of PCl-based data acquisition

and digital input/output boards,
high-speed power supplies opti-
mized for testing battery-operat-
ed wireless de-vices, and several
additions to its already broad
line of switch cards.

With more than 550 employ-
ees, subsidiaries in ten coun-
tries, and sales representatives
in more than 40 countries,
Keithley truly offers “A World of
Measurement Solutions.”

For maore information, contact
Keithley Instruments, Inc., 28775
Aurora Road, Cleveland, OH
44139; Tel: 888-534-8453; Fax:
440-248-6168; wuw.keithley.com
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STAHL SPECIALTY COMPANY

Stahl Specialty Company is
a leader in the aluminum
foundry industry and has
been making casting from the
tilt-pour permanent mold
process since 1946. Appli-
cations such as automotive,
agricultural, heavy truck,
marine, and food service are
some of the markets served.
Stahl has been making parts
for the automotive industry
since 1978. One area of appli-
cation for automobiles that
Stahl has expertise in is sus-
pension parts such as control
arms. Stahl has supplied con-
trol arms to the automobile
industry since 1993.

The main reason for con-
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verting suspension parts to
aluminum from other materi-
als such as iron castings and
steel stampings is weight sav-
ings. This translates into lower
vehicle weight and better fuel
economy. One important side
benefit discovered after the
implementation of aluminum
control arms was an improve-
ment in unsprung weight of
each wheel, which refers to
the amount of mass of each
wheel that is available to be
“thrown around” as the vehi-
cle encounters road imperfec-
tions such as bumps and pot-
holes. Additionally, aluminum
control arms dampen the
impact better than steel

stamped con-
trol arms, re-
sulting in less
vibration trans-
mitted through
the car.
Aluminum
control arms
are fairly new to

the automotive industry, but
they are becoming more wide-
spread each model year as the
confidence level increases in
their ability to perform in many
different vehicle applications.
Superior mechanical proper-
ties and casting soundness are a
must for the aluminum control
arm to be successful. A sound
casting, combined with a cus-

www.nasatech.com

tom tailored heat treat, will
yield a casting with exceptional
mechanical properties.

For more information, contact
Stahl Specialty Company, 111
East Pacific, PO Box 6, Kings-
ville, MO 64061-0006; Tel: 800-
821-7852; Fax: 816-597-3485;
wuw.stahlspecialty.com

Circle No. 659

57



ADVERTISEMENT

Drop Test Analysis Performed with MES Software
Determines Limits of ELF Oil Rig Protection Net

This artist's rendering shows the main oil platform and two satellite drilling
rigs currently under development in the North Sea. (Inset shows construc-
tion site in Scotland.) Pipelines on the ocean floor will transport oil to the
main platform via oil-carrying risers within the platform legs. The oil will be
processed and then carried ashore via separate export lines. ALGOR’s
Mechanical Event Simulation software was used to determine the limits of
protection nets, which will be positioned at the top of two legs to prevent
objects from falling into the leg trusses and damaging oil-carrying risers.

Advances in computer-aided engi-
neering technology are enabling
engineers of all disciplines to create
more complex, detailed finite ele-
ment models that realistically simu-
late the behavior of interacting
systems. Recently, engineers at
Selantic Industrier A.S. in Agotnes,
Norway used Accupak/VE
Mechanical Event Simulation
(MES) software from Pittsburgh-
based ALGOR, Inc. to simulate
a steel container impacting a
dropped object protection net—a
virtual prototype test that previous-
ly could only be performed physi-
cally in a laboratory.

Selantic engineers were asked

by Technip-Geoproduction of

France (Technip) and McDermott
of the UK in partnership with ELF
Exploration UK PLC to develop a
new protection net for a "jack-up”
oilrig. This type of platform is con-
structed onshore as one complete
unit and then towed into position
at sea where its legs are lowered.
On contact with the seabed, its
deck is jacked-up above sea level.
The ELF platform is currently
under development in the North

Sea off of the East Coast of the UK.
A protection net will be situated
within the trusses of two of the plat-
form's three triangular-shaped legs.
Each net will be attached to a circu-
lar steel ring positioned just above
the leg.

Loading cranes located directly
above the legs will transport ship-
ping containers carrying supplies
between the platform and ships
daily. The protection net will pre-
vent falling containers from dam-
aging oil-carrying risers, which are
mounted inside the legs and trans-
port oil from the ocean floor. The
engineers needed to restrict the
net's maximum deflections to pro-
tect the risers while ensuring the
net will withstand stresses created
upon impact by a container.

The MES Approach

Lars Bjoland, technical manager of

Selantic Industrier and an ALGOR
customer for over seven years, is no
stranger to ALGOR's finite element
analysis (FEA) software; however,
the protection net project was his
first attempt at using ALGOR's
Accupak/VE MES capabilities.

"In the beginning of the pro-
ject, my colleague performed some
rough hand calculations to deter-
mine the best approach for the net
design,” Bjoland said. "We could
not make any solid conclusions
from his work because it was too
vague. Performing the calculation
manually would be impossible."

The next logical step was to
turn to FEA. Bjoland originally
modeled the net using Super-
draw III, ALGOR's precision finite
element modeling tool, and
replaced the falling object with
nodal forces acting directly on the
net. Bjoland was unsatisfied with
this for two reasons: calculating
the correct loading was complicat-
ed and time consuming and repli-
cating the real-world behavior of
the net impacted by a container
was impossible.

Modeling the container and
applying known physical properties
such as its dimensions, mass and
the height from which the contain-
er falls enabled Bjoland to realisti-
cally simulate the interaction of the
container and the net within a
short time frame.

To set up the MES, Bjoland
added a container model to the
existing protection net model. The
net model was made of truss ele-
ments with three degrees of free-
dom. A rope would exhibit resis-
tance only when pulled outward like
a cable when the object strikes the
net; thus, Bjoland did not consider
bending moments.

Bjoland positioned the 5,000-kg
steel container model, measuring 2
by -2 m, approximately 12.6 m
above the net. The net had three
sides, each 16-m long, and was ter-
minated in each of the three cor-
ners with fully constrained bound-
ary conditions. He specified gravity
for the container. Bjoland designat-
ed contact elements between the
container surfaces and the net to
enable complete interaction,
including the transfer of inertia
from one object to the other.

Then Bjoland specified the
duration of the MES because he
wanted to simulate the system’s
behavior over time. After specifying
material properties of steel for the
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container and of aramid, a synthet-
ic fiber, for the ropes, Bjoland
processed the nonlinear elastic
material model with Accupak/VE.

Analysis Results and Modifications
According to Bjoland, the initial
deflections exceeded Technip's
failure criteria of 2.6 m, the (ris-
tance to oil-carrying risers beneath
the net. Bjoland performed several
variations of the analysis, dropping
the container at the center, at one
corner and along the edge of the
net, to confirm the results.

"After the first set of analyses,
we were able to determine that the
current net design would fail under
the extreme loading from the
impact,” Bjoland said. "Without
Accupak/VE, we would have been
required to make a prototype to get
the same conclusion.”

Technip revised the require-
ments and asked Bjoland to per-
form a modified set of analyses. The
new net design included ropes
made of a high-performance fiber
HMPE (High Molecular Poly-
ethylene), a lightweight fiber mate-
rial that is stronger and exhibits the
best elasticity and breaking
strength. In addition, the new
design called for nine termination
points at the corners and along the
edges compared to the previous
design’s three points. Three of the
points will be adjustable in order to
pre-tension the net.

The modified set of analyses
revealed much more reasonable
deflections throughout the net and
satisfactory material dimensions.
Stresses at the termination points
were higher, but within acceptable
limits, according to Bjoland. In
addition, the MES showed that the
net would stretch permanently
under maximum loading. This was
not a concern because a net will be
replaced after each drop incident.
To present the results to his client,
Bjoland created .avi files from the
MES using ALGOR and converted
them to VHS video format.

Physical Prototype Testing

Bjoland anticipates conducting
small-scale physical prototype tests
to confirm the MES. This testing
will replace full-scale testing that
would have been necessary if he
had not used Accupak/VE. This
translates into less time and mate-

rial costs for prototype testing as ALGOR has been a leader in the engi-
well as decreased time-to-market. neering software industry since intro-

"Had we not used Accupak/VE, ducing FEA for PCs in 1984 and inter-
we would have needed to do full-  fcing with CAD systems in 1985. For
scale testing to find deflection and 20 years, ALGOR has provided finite
termination forces," Bjoland said. element users with innovative, afford-
“We also would have been re- able and easy-to-use software products
quired to perform additional and superi support ar
physical testing to determine the  customer service. > than 16,000
design modifications that we made engineers of all disciplines in 60 coun-
after the initial Mechanical Event tries use ALGOR to create safe, efficient,
Simulation." cost-ettec R' signs.

This small-scale physical proto- ALGOR’s Accupak/VE
type testing is planp;le);i forp1999 ‘Mechanical Event Simulation (MES)
with the platform becoming opera-  Software analyzes motion and flexing in

e g op! v s e
tional in the year 2000. Bjoland  mechanical m"' replacing physical

expects to use Accupak/VE for W‘ il wl prototyping,
future projects. "Engineers always kes MES w:;CAD wl:d fel

need to be open to new ways of P 3
solving problems to get the best #actinblics :more, practical by sedlcing

results,” Bjoland said. "If we ALGOR offecs & range of FEA
hadn't been open to a new method capabilities including linear and nonlin-

of modeling in this case, we would ear seress, vibration and natural frequen-
not have been able to show the z t ‘transter ui

behavior of the net as quickly or

cies,
: St flow, : :
inexpensively. ﬁ 'S entire range of

g

The Mechanical Event Simulation predicted the deflections and stresses
caused when a container, such as the one shown in the inset, falls from a
height of 12.6 m. The analysis verified that maximum deflections would be
under 2.6 m, the distance to critical oil-carrying risers beneath the net.
Because virtual prototypes of the net were created using Mechanical Event
Simulation, Selantic will not need to conduct full-scale laboratory tests,
decreasing the time and cost of physical prototype testing.
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is right on your desktop!
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MARKET............

Portable Data
Acquisition

The WRI1000 portable data
from

acquisition system
Graphtec,
CA, is designed for high-
display,

Western Irvine,
capacity analysis,
and logging of both static
and dynamic data. It is avail-
able with 8, 16, 24, or 32 channels
that allow mixing/matching of up to 16
channels of voltage, frequency, bridge, and volt-

age thermocouple preamps. The system processes data for real-time
display, using RAM of 256 (optional 512) Kwords/channel. It also cap-
tures data in real time to a builtsin 9-GB hard drive or to external stor-

age. The system measures 15 x 13 x 5 inches in its 16-channel version,
making it suitable for field, laboratory, and factory-floor applications.
Circle No. 700

Hermetic Seals

Tekna Seal, Minneapolis,
MN, a division of Maxwell
Technologies, has an-
nounced a line of hermetic
headers, connectors, and
feed-throughs that feature
pins made of alumel,
chromel, or copper. These pin
materials can be used in glass-to-
metal seals with a variety of body materials.
Alumel, chromel, and copper pin materials are used in the tempera-

ture-sensing industry and other applications requiring low electrical
resistance. Circle No. 702

Urethane Adhesives
Loctite Corp., Rocky Hill,
CT, offers PROFORM™ 3630,
3631, and 3632 reactive ure-
thane hot melt adhesives. The
solid, single-component struc-
tural adhesives behave like stan-
dard hot melts until partially set.

By reacting with moisture to
crosslink, reactive urethanes form a new polyurethane polymer.
Reactive urethanes also are heat and chemical resistant. Applications
include automotive assembly and panel assembly. Circle No. 703

Quick-Release

Connectors
Barksdale,

CA,

quick-release

Los Angeles,
offers a variety of
electrical
connectors for their level-
switch product line. The
Model BLS-7 features inter-
nal or external side mount-
ing; non-metallic-welded,

leak construction; and broad media compatibility. The BLS-700 is cus-
tom-built to specifications,

no-
meeting customer requirements for
mounting, float and stem material, number of switch points, electrical

rating, and overall length. Circle No. 709
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Precision 3-Axis
Magnetometer

Humphrey's new FM02-Series 3-Axis Magnetometeris designed
for demanding applications requiring high accuracy, compact size
and low power consumption (< 40 mw). Input voltage is +12 VDC;
dynamic range is +/- 70,000 nT; scale

factor is 7,000 nT/V. Custom
configurations are available.
The FMO2 is ideally suited
for use in attitude heading
reference systems,
borehole navigation
and magnetic

measurement
systems.

_. HUMPHREY

A SUBSIDIARY OF REMEC

h.n'phreyhc com

For More Information Circle No. 420

NEW EPOXY SYSTEM
CURES QUICKLY AT
LOW TEMPERATURES

Designed To Your Specifications

MASTER BOND EP27

B Two part epoxy system
with a convenient non-
critical mix ratio l Readily
cures at temperatures as
low as 40°F B Long term
resistance to immersion

in aggressive organic sol-
vents including ethanol,
toluene, butyl cellosolve,
etc. M High adhesive prop-
erties to a wide range of
metallic & non-metallic .
substrates l Low viscosity, =
easy application for coatings, sealants and/or adhe-
sives M Long shelf life B 100% reactive - no YOC's
B Convenient packaging

Master Bond Inc.

Adhesives, Sealants & Coatings

154 Hobart St., Hackensack, NJ 07601
TEL: 201-343-8983 FAX: 201-343-2132

www.masterbond.com

For More Information Circle No. 421 61



Superior performance shielding gaskets

Electronic grade plating finishes
Many base metal variations
Hundreds of shapes & sizes
Custom modifications

MenicAL DIsGNOSTICS TELECOMMUNICATIONS COMPUTERS

ALROSPACE, MIITARY INSTRUMENTATION ELECTRONIC ENCLOSURES

&’nmn@nﬂ'ﬂ'}}g}g

1384 Pompton Ave., Cedar Grove, NJ 07009
tel: 973+890+7455 fax: 97348909714
E-mail: sales@omegashielding.com

web site: http://www.omegashielding.com

1SO 9002 Quality System Certified

For More Information Circle No. 422

all for Proposals

The U.S. Department of Energy (DOE)
Small Business Innovation Research (SBIR) Program
is providing funding for Advanced Monitoring
Technologies for Soils, Sediments & Groundwater,
Atmospheric Measurement and Sampling
Technology, and Carbon Cycle Measurements of
the Atmosphere and the Biosphere. Grant
proposals are desired in the following areas:

+ Characterization of Cloud Particles

+ Characterization of Organics in
Aerosols

+ Balloon Sonde Sensors

+ Radiometric Instrumentation

+ Sensors for Carbon Cycle
Measurements

+ Fiber Optic, Solid-State Chemical and
Silicon Sensors

+ Biosensors

The detailed DOE-SBIR solicitation is available at the

web site http:/sbir.er.doe.gov/sbir or by calling
301-903-5707.

Qualified U.S. small businesses are encouraged to apply.
The closing date is February 29, 2000.

62 For More Information Circle No. 423

New..
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Visual Data Analysis

PV-WAVE 7.0 visual data analysis development software from Visual
Numerics, Boulder, CO, combines data analysis, data visualization, and
system administration. The software is an open environment for devel-
oping and deploying visual data analysis (VDA) applications. PV-WAVE
7.0 features 76 new mathematical and statistical analysis routines from
the company’s IMSL. C Numerical Library, new functionality for array
manipulations, and an improved mapping module. Floating licenses can
now be shared between Windows and UNIX platforms. Circle No. 712

Factory Automation

Engineering Animation, Ames, IA, has
announced Open Virtual Factory (OVF) soft-
ware for visually integrating an enterprise’s
complete manufacturing process, from initial
product design to final production. The pro-
gram enables users to share visual data, including ergonomics and
human factors, factory-layout data, and product and process features.
Manufacturers can place virtual humans within simulated factory layouts
for ergonomic and safety analysis. Circle No. 713

Plastics Part Management
CMOLD, Louisville, KY, offers C-
MOLD KnowHow!, a Web-based envi-
ronment for creating, managing, and
publishing plastics part design and
manufacturing engineering data. The
software enables collaboration between
engineering teams, functioning as a plastics-engineering workgroup por-
tal. Users can add their own content to KnowHow!'s repository of plastics

information. It also serves as a front-end to CMOLD’s CAE applications,
including Project Engineer, 3D QuickFill, and C-MOLD Advanced
Solutions. The program comes with a built-in Web server that facilitates
access to and management of information. It can be installed on any
Windows NT server or workstation, and is accessed by a standard Web
browser. Circle No. 714

3D CAD Model Viewer

Actify, San Francisco, CA, has announced that its 3D View™ CAD
model viewer now supports Parametric Technology Corp.’s Pro/ENGI-
NEER CAD system, allowing users to view and share native Pro/E parts
and assemblies without access to a Pro/E workstation. 3D View enables
non-CAD professionals to view, measure, and markup native CAD files
where no CAD system, server, or transition is required. It allows CAD
designers to share 3D models with suppliers, customers, managers, sales,
marketing, and other engineers. 3D View also supports CATIA, IDEAS
Web Access, SolidWorks, Solid Edge, AutoCAD, Mechanical Desktop,
and Parasolid. Circle No. 715

Visualization and Analysis

Intelligent Light, Lyndhurst, NJ, offers
FieldView 6 analysis and visualization software
that provides integration with CFD workflow,
enhanced numerical calculations, and pre-
sentation rendering features. It also contains
a data handling technology called Data Guide™. Other features include
numerical export to integrate CFD results with external applications,
and floating licenses across mixed UNIX and Windows networks.
Advanced lighting, rendering, and color control features also are includ-
ed. Circle No. 717
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Electronic Connectors
Molex, Lisle, IL, offers a 1,598-page full-
line catalog with new listings for HiSpec™

edgecard connectors, RIMM memory sock-
ets, cable products, and PanelMate™ 1.25-
mm wire-to-board connectors. Catalog sec-
tions are organized by product applica-
tion, and a new design guide details HDM
backplane and midplane connectors.
Circle No. 720

PC Systems Handbook
CyberResearch, Branford, CT, has released
the 1999-2000 PC Systems Handbook for Scientists
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An 8-page guide from Power Measurement,
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Acvaneed
Composite
Training

* Composite Laminate Design

* Design and Analysis of
Composite Structural Joints
* Structural Analysis and
Repair Design

* Advanced Composite
Drawing Interpretation

* Ultrasonic Inspection of
Advanced Composites

Training at our facility or yours.
Call for our complete 13-course catalog.

Abaris Training Resources, Inc.
5401 Longley Lane, Suite 49
Reno, NV 89511 USA
(775) 8276568 * Fax: (775) 827-6599
www.abaris.com * e-mail: sc@abaris.com

(800) 638-8441
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Introducing the NEW

Dash 8 Series
Recorders...

You provide
the signals,

we’ll handle the rest

® 100 Mbyte Zip drive for storage
® 8 Channels with isolated inputs
® Real-time math option

® Rugged, compact and portable—
less than 20 Ibs

The all-new Dash 8 series features two models, each engineered for specific input types.
The Dash 8n is designed with high voltage, isolated inputs, while the Dash 8u features
universal inputs for voltage, temperature, DC bridge and optional F to V, RTD and high
voltage inputs. The Dash 8 series — truly remarkable recorders and data acquisition
instruments ideal for all your recording needs.

® Signal conditioning for any application

® 10.4 inch color monitor for real-time
viewing and playback

® Internal 2 Gbyte hard drive for data
capture

Call, E-mail, Fax, or write to us today for all the details.

"Astro-Med, inc.
TEST & MEASUREMENT DIVISION
Astro-Med Industrial Park, West Warwick, Rhode Island 02893
Telephone: (401) 828-4000 « Toll Free: 1-877-TMSYSTEM ¢ Fax; (401) 822-2430

In Canada Telephone: 1-800-565-2216
E-mail: astro-med@astro-med.com » Web Site: www.astro-med.com

-

Sales and Service Centers throughout the
U.S., Canada and Europe.
Dealers located throughout the world

Astro-Med is System Certified to ISO 9001

Other recorder and data acquisition products from Astro-Med

DASH 11
Portable 2-Channel Recorder

DASH IV
Portable 4-Channel Recorder

DASH 10
Portable 10-Channel Recorder

MT95K2
Flagship 32-Channel Rackmount
Recorder

AstroDAQ
30-Channel Data Acquisition System

AstroDAQ 2
Portable Data Acquisition System
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The Wer f IDL

IDL

. IDL combines all of
5= the tools you need for
any type of project
— from “quick-look,”
interactive  analysis
and display to large-
scale commercial programming projects. This
easy-to-learn, cross-platform, application
development software is relied upon by
analysts and engineers around the globe.

Research Systems offers off-the-
- e e shelf software packages built
= with IDL that deliver analysis and
4 results with point-and-click ease.

ION

ION brings the power of IDL to
the internet allowing you to

collaborate across networks and
the Web.

vip

Delivers the power of IDL data
analysis and visualization without
programming,

.’*‘ -
i b WA

Searching for powerful data
analysis and advanced graphics?

ENVI

ENVI, the Environment for
Visualizing Images, is the leader

Do you need a complete processing and visualization solution? Look to in remote sensing data analysis.

IDL', the Interactive Data Language.

NO&SYS

Access, edit, organize and
visualize large mulu-dimensional
data— without programming,

IDL combines a robust cross-platform environment for the access,
analysis, and visualization of any data with a full-featured suite of

development tools. With its object oriented 4GL, hardware accelerated

graphics system and powerful analysis, IDL is the ideal platform for

RiverTools

The most powerful DEM tool
for analysis of terrain and
river networks.

technical application development.

Download IDL today at

www.rsinc.com/results RESEARCH
A SYSTEMS

(1]
(1]
R | L tel: 303.786.9900 email: info@rsinc.com

any ¢ Liechtenstein  Luxembourg * Switzerland e The Netherlands  Brazil » China e France » Belgium  India » Italy » Japan » Korea o

§ trademark and ION 5 a trademark of Research Systems, Inc. VP 1s a trademark of Intersys, Inc. ENVI is 3 registered trademark of BSC, LLC. RverTools s a trademark of Rivix, LLC. Noesys & a trademark of Fortner Software LLC. All nghits
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