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“LabVIEW handles the ‘nuts and bolts’
of computer programming without my
knowledge of the details. That makes it
what I call an engineer’s and scientist’s
programming language.”

“Programming in LabVIEW reduced the
development time of our system from the
expected 16 months to four months and
allowed us to quickly make changes to
our system.”

MORE INFO
Keith Simmons o John O’Neal
Electrical Engineer Laboratory Automation Specialist
Process Monitoring and Control
Proven Productivity for Your Industry

'I‘o increase productivity and reduce time to market, you VXI instruments, serial devices, PLCs, and much more. Take

need software that’s easy to use, yet versatile enough to advantage of the hundreds of instrument drivers and ready-to-
handle your demanding applications. Whether you're in run programs included with LabVIEW.
research, production, automation, or test, the key to success
is software — software that empowers your organization to Solutions Worldwide - for Your Industry
build higher quality products faster and for less money. Today, LabVIEW is making a difference in many industries,
That’s where LabVIEW comes in. including automotive, telecommunications, semiconductor,

electronics, aerospace, chemical, and education. Industry

Software Innovation - for Your Applications leaders worldwide use LabVIEW because it delivers proven
LabVIEW, the leading graphical programming language, productivity over and over again. For specialized needs,
gives you the software to automate your measurement, hundreds of third-party Alliance Program companies are
control, and analysis applications. LabVIEW pioneered ready with their LabVIEW expertise.
Virtual Instrumentation almost a decade ago and continues
to deliver proven productivity through breakthrough If you want to learmm more about LabVIEW, give us a call. We'll
innovations and years of customer feedback. show you how you can benefit from the graphical programming

power of LabVIEW — It’s Proven Productivity for Your Industry.
Flexible 1/0 - for Your Instrumentation —

LabVIEW communicates with thousands ‘7 N ATION A'_ Call (800) 433-3488

of I/O devices, including our complete line - today for FREE LabVIEW
of data acquisition hardware, GPIB and INST RU M ENTS demo software.
The Software is the Instrument*
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If Henry Ford Had Used
The Power Of Visual CADD;
Things Might Look Different.

SUPER PRODUCTIVE DRAFTING FOR WINDOWS" 95

NUMERA VISUAL CADD 2.0 ESTABLISHES A NEW LEVEL OF CAD VISUAL CADD IS MICROSOFT® OFFICE COMPATIBLE AND DELIVERS SEAMLESS
PERFORMANCE FOR UNDER $600. THIS POWERFUL CAD PROGRAM DELIVERS INTEGRATION WITH CUSTOMIZED COMMANDS ON MENUS, TOOL PALETTES AND
PROFESSIONAL DRAFTING FEATURES, OPEN ARCHITECTURE AND FULL COMPATIBILITY KEYBOARD SHORTCUTS. GET FULL READ-WRITE CAPABILITIES FOR
WITH OTHER CAD PACKAGES. IT'S NATIVE FOR 32-BIT WINDOWS® 95 AND AUTOCAD® .DWG, .DXF FILES AND GENERIC CADD® .GCD FILES. THIS ISTHE FIRST

COMES LOADED WITH NEW FEATURES LIKE MULTIPLE VIEWS, DIRECT PLOT
AND WIZARDS. ENJOY ADVANCED,YET SIMPLE EDITING
TECHNIQUES THAT LET YOU ADD, SUBTRACT AND INTERSECT TWO
OR MORE CROSSING SHAPES. PLUS, IT NOW OFFSETS MULTIPLE ENTITIES.

OF A NEW GENERATION OF
WINDOWS 95 CAD. AS HENRY MIGHT
SAY, “THERE'S AVISUAL CADD INYOUR
FUTURE" AND IT'S ONLY $595!

BV ISUAL e

FOR MORE INFORMATION AND A FREE DEMO, CALL:

1-800-956-2233 EXT. |02

VISIT THE NUMERA HOME PAGE: http://www.numera.com B L
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Pratt & Whitney's 22" Advanced Ducted Propeller low-noise
fan model is tested in the 9' x 15' wind tunnel at Lewis
Research Center. Lewis' focus on aeropropulsion research
includes efforts in advanced subsonic transport. For more
information on facilities and opportunities at Lewis, see the
Resource Report on page 24.
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The CY-ASP is the fastest digital data stor-
age solution on the market, able to store up
to 70 GB at speeds of up to 200 MB per min-
ute, unattended.

But there’s more.

The fastest subsystem is also the most
flexible, giving you a choice of four record-
ing modes plus offline copy and verify
functions.

In Single Mode the drives operate
independently.

In Cascade Mode data automatically
writes to the next tape once the previous
tape is full.

In Mirroring Mode the same data
writes to multiple tapes simultaneously.

In Striping Mode data writes to two or
more tapes at once, maximizing throughput.

Consider it a data storage management
tool, a solution that will help you solve the
problems you encounter every day: the
need for higher capacity and speed, the
need to make duplicate tapes for off-site
storage and data exchange, the need for
real-time status information, and the need to
save resources and boost productivity on
every level.

Of course, we also know that a storage
solution is only as good as the data you get
back. With a bit error rate of less than 1 in
107 bits read, the CY-ASP gives you the
highest data integrity.

Based on proven 8mm helical scan
technology, each drive supports our switch-
selectable data compression option. And
each drive features a 2-line, 40-column back-
lit display that gives complete status informa-
tion.

Backed by a two year warranty that in-
cludes expert service and support from our
in-house engineering group, the CY-ASP is
setting the pace in performance, flexibility
and value.

Other configurations are available, rang-
ing from a 2.5 GB subsystem to an intelli-
gent, automated 3 TB tape library. And
they're all compatible with the widest range
of computer systems and networks.

When you're ready for a data storage
solution that means business, call for
complete information.

(804) 8339000
~BERNETICS

Tera One ¢ Yorktown, Virginia 23693 e Fax (804) 833-9300
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So, You Have Pro/ENGINEER®

It’s a fine product...

8-Node “Brick” Model by Houdini

Houdini meshed this CAD solid model directly from Pro/ENGINEER®
with 8-node “brick” finite elements. Note local mesh refinement.

...Now, add Houdini™ to automatically convert your CAD
solid models into 8-node “brick” finite element meshes.

CAD Solid Model Sources:

FEA Software Supported:

Pro/ENGINEER ¢ EDS/Unigraphics * CATIA
AutoCAD ¢ Cadkey ¢ Intergraph « SDRC ¢ More

Algor » Abaqus ¢ Ansys * Cosmos ¢ Nastran
NISA e Patran ¢ Procast * SDRC ¢ More

New

Optional
Video Training Kit
Learn how to use Houdini to auto-
matically produce an 8-node “brick”
finite element model from a CAD

solid model for analysis by any
FEA software.

Kit Contents:
1) The World of Houdini training
video.

2) The complete training notes
from Algor’s 2-day Houdini
classroom seminar, both print-
ed and in Microsoft PowerPoint
file format.

3) A CD-ROM with the models
used in the video for PCs and
UNIX workstations.

4) Viewpak™ software to examine
the models in detail on your
computer screen.

*ALGOR

When the Engineering
Has to be Right™

For UNIX workstations and Pentium®
processor-based systems

Algor, Inc.
150 Beta Drive, Pittsburgh, PA 15238-2932 USA

Phone: +1 (412) 967-2700

Fax: +1 (412) 967-2781

California: (714) 564-0844

Europe (UK): +44 (784) 442 246
E-mail: info@algor.com

Internet: http://www.algor.com

For free information on Houdini
and the Video Training Kit,
call, fax or E-mail today.

Pro/ENGINEER and Pro/MESH are Trademarks of Parametric Technology
Corp. ™ Houdini, Hexagen and Viewpak are Trademarks of Algor, Inc. Pentium
is a registered trademark of Intel Corporation. All other brand or product
names are trademarks of their respective holders.
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You can't exactly make
visionary products, unless,
of course, you have the
parts to go with them.

And there’s no better
place to go for visionary
parts than right here.

At Xilinx, we have a track record
for helping forward-looking compa-
nies meet their production deadlines.
Want specifics?

Here are a
few of the far-
sighted companies

that have come to
rely on Xilinx.

A. Key Technology uses Xilinx FPGA+
to give vision to their machines. In

this case, camera-controlled scanners
that can dpot a bad strawberry and
eject it while ;
moving 272

cm per
decond.

B. Want
to make

Figure B.

an ordinary PC perform like a super-
ry £Cp

computer! Giga Operations Corp

uses Xilinx FPGA+ as Reconfigurable
Computers to supercharge all sorts

of applications, including real time
video editing, telecommunications,

© 1995 Xilinx, Inc. 2100 Logic Drive, San Jose, CA 95124, Europe, 44 (332) 349401; Japan, 81(3) 2979191; Asia, 852 (3) 721-0900. Xilinx is

Figure C.

Itinigy,

TELL IF
Y FARSIGHTED.

and databadse processing.

€. Thanks to Xilinx

FPGAy, the doctor really

can see you now. MuTech

developed a PCI board

that works with todays
Pentium and Power PC com-
puters to deliver an affordable method
of diagnosing problems in real time.
D. StrataCom uses Xilinx FPGAd to
deliver the WAN ayatemd their cus-
tomers need today, while developing the
broadband
ATM solutions
theyll definitely

need tomorrow.

So if your

company has
any big projects
on the horizon, you owe it to your-

self to keep Xilinx in mind.
2 After all, if we can't

help you with your vision,

Figure D.

\ who can?

A\ T find out more about
' our visionary parts, call
us at 1-800-231-3386 or contact us

at http://www.xilinx.com

2 XILINX

The Programmable Logic Company.”

s a registered trademark and

The Programmable Logic Company is a service mark of Xilinx, Inc. All other trademarks or registered trademarks are the property of their respective holders.
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TELECONFERENCING

l NTSC or PAL l

RGB/Videolink

VIDEO SCAN CONVERTERS

* Autosync * Simple external
connections
*Flicker filter
* Optional graphics/

*Up to 1280 x 1024 video overlay

pixel input
= Models from
*Pan & zoom $7,995.00
SPECTRUM®

950 Marina Village Parkway Alameda, CA 94501
Tel: (510) 814-7000 Fax: (510) 814-7026
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NASA

Team

Commercial
Technology

NASA’s Technology Sources

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.

Ames Research
Center

Selected techno-
logical strengths:
Fluid Dynamics;
Life Sciences;
Earth and
Atmospheric
Sciences;
Information,
Communications,
and Intelligent
Systems;

Human Factors.
Syed Shariq

(415) 604-0753
syed_shariq@gm
gate.arc.nasa.gov

Dryden Flight
Research Center
Selected techno-
logical strengths:
Aerodynamics;
Aeronautics
Flight Testing;
Aeropropulsion;
Flight Systems;
Thermal Testing;
Integrated
Systems Test
and Validation.
Lee Duke

(805) 258-3119
duke@louie.dfrf..
nasa.gov

Goddard Space
Flight Center
Selected techno-
logical strengths:
Earth and
Planetary
Science
Missions; LIDAR;
Cryogenic
Systems;
Tracking;
Telemetry;
Command.
George Alcorn
(301) 286-5810
galcorn@gsfc-
mail.nasa.gov

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

Wayne Schober
(818) 354-2240
wayne.r.schober
@jpl.nasa.gov

Johnson Space
Center

Selected techno-
logical strengths:
Artificial
Intelligence

and Human
Computer
Interface;

Life Sciences;
Human Space
Flight Operations;
Avionics;
Sensors;
Communications.
Hank Davis

(713) 483-0474
hdavis@gp101.jsc.-
nasa.gov

Kennedy Space
Center

Selected techno-
logical strengths:
Emissions and
Contamination
Monitoring;
Sensors;
Corrosion
Protection;
Bio-Sciences.
Bill Sheehan
(407) 867-2544
billsheehan@
ksc.nasa.gov

Langley Research
Center

Selected techno-
logical strengths:
Aerodynamics;
Flight Systems;
Materials;
Structures;
Sensors;
Measurements;
Information
Sciences.
Charlie
Blankenship
(804) 864-6005
c.p.blankenship
@larc.nasa.gov

Lewis Research
Center

Selected techno-
logical strengths:
Aeropropulsion;
Communications;
Energy
Technology;
High
Temperature
Materials
Research.

Walter Kim

(216) 433-3742
wskim@limsO1.
lerc.nasa.gov

Marshall Space
Flight Center
Selected techno-
logical strengths:
Materials;
Manufacturing;
Nondestructive
Evaluation;
Biotechnology;
Space
Propulsion;
Controls and
Dynamics;
Structures;
Microgravity
Processing.
Harry Craft

(800) USA-NASA
susan.van.ark@
msfc.nasa.gov

Stennis Space
Center

Selected techno-
logical strengths:
Propulsion
Systems;
Test/Monitoring;
Remote

Sensing;
Nonintrusive
Instrumentation.
Anne Johnson
(601) 688-3757
ajohnson@ssc.
nasa.gov

NASA-Sponsored Commercial Technology Organizations

These organizations were established to provide rapid access to NASA and other federal R&D and
foster collaboration between public and private sector organizations. They also can direct you to the
appropriate point of contact within the Federal Laboratory Consortium.

Lee Rivers Dr. William Gasko
National Technology Center for Technology
Transfer Center Commercialization
(800) 678-6882 (800) 472-6785 or
(508) 870-0042
Robert Stark J. Ronald Thornton
Far-West Technology Southern Technology
Transfer Center Applications Center
University of Southern University of Florida
California (800) 472-6785 or
(800) 642-2872 or (904) 462-3913

(213) 743-2353

Gary Sera
Mid-Continent
Technology Transfer
Center

Texas A&M University

(800) 472-6785 or
(409) 845-8762

Lani S. Hummel

Mid-Atlantic Technology

Applications Center

University of Pittsburgh

(800) 472-6785 or
(412) 648-7000

Chris Coburn

Great Lakes Industrial
Technology Center
Battelle Memorial
Institute

(800) 472-6785 or
(216) 734-0094

Easy Access To The FLC: Call (206) 683-1005 for the name of the Federal Laboratory Consortium Regional
Coordinator in your area. The Regional Coordinator, working with the FLC Locator, can help you locate a
specific laboratory to respond to your needs.

NASA'’s R&D efforts produce a robust supply of promising technologies with applications in many industries. A key
mechanism in identifying commercial applications for this technology is NASA’s national network of commercial technol-
ogy organizations. The network includes ten NASA field centers, six Regional Technology Transfer Centers (RTTCs), the
National Technology Transfer Center (NTTC), business support organizations, and a full tie-in with the Federal Laboratory
Consortium (FLC). We encourage all businesses with technical needs to contact the appropriate organizations for more
information. For those who have access to the Internet, general information can be accessed with Mosaic software on
the NASA Commercial Technology Home Page at URL: http://nctn.oact.hq.nasa.gov. Instructions regarding how to
acquire the free Mosaic software can be obtained by sending an e-mail request to: innovation@oact.hq.nasa.gov.

NASA Program Offices

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
business units is: NASA Headquarters,
300 E St. SW, Washington, DC 20546.

Gene Pawlik

Small Business
Innovation Research
Program (SBIR)
(202) 358-4661
gpawlik@oact.hg.
nasa.gov

Robert Norwood
Office of Space Access
and Technology (Code X)
(202) 358-2320
morwood@oact.hgq.
nasa.gov

Philip Hodge

Office of Space Flight
(Code M)

(202) 358-1417
phodge@osfms1.hq.
nasa.gov

Gerald Johnson
Office of Aeronautics
(Code R)

(202) 358-4711
g_johnson@aeromail.
hq.nasa.gov

Bill Smith

Office of Space Sciences
(Code S)

(202) 358-2473
wsmith@sm.ms.ossa.
hq.nasa.gov

Bert Hansen

Office of Microgravity
Science Applications
(Code U)

(202) 358-1958
bhansen@gm.olmsa.
hqg.nasa.gov

Granville Paules
Office of Mission to
Planet Earth

(Code Y)

(202) 358-0706
gpaules@mtpe.hq.
nasa.gov

NASA's Business Facilitators

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.

Dr. Stephen Gomes
American Technology
Initiative

Menlo Park, CA
(415) 325-5353

Jill Fabricant
Johnson Technology
Commercialization
Center

Houston, TX

(713) 335-1200

John Gee

Ames Technology
Commercialization
Center
Sunnyvale, CA
(408) 734-4700

Dan Morrison
Mississippi
Enterprise for
Technology
Stennis Space
Center, MS
(800) 746-4699

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.
For software developed with NASA funding, contact NASA's Computer Software Management and Information Center (COSMIC) at (706) 542-3265, fax (706) 542-4807.

If you have a questions...NASA's Center for
the Feedback Card in this issue or call (410) 859-5300, ext. 245.
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Information can answer questions about NASA's Commercial Technology Network and its services and documents. Use
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Remove bottlenecks with
our PCI Frame Grabbers.

Our Mach Series PCI frame grabbers take full advantage of PCI

fOl‘ ds lOW ds 995. For scientific and industrial applications, there’s no better way to upgrade your imagi
pp grade y gng
system to the PCI bus. Our DT3152, variable-scan frame grabber adds flexibility and control to your high-resolution camera for just $1495.

Our DT3155 offers a standard video alternative for under $1000. With transfer to system

e

PER"  memory and display via your own VGA card, the Mach Series can transfer an unlimited
<*

number of consecutive frames through your system at breakneck speeds. Plus, Data

Translation’s proprietary circuitry ensures your data is accurate and consistent. So before

you restrict data throughput with a vintage imaging board, call us today at 1-800-525-8528.

DATATRANSLATION

World Headquarters: (508) 481-3700, UK Headquarters: (01734) 793838, Germany Headquarters: (07142) 95 31-0, Italy Headquarters: (030) 2425696
sales Offices: Argentina (1) 322-3791; Australia 02 979 5643, 03 350 7377, Austria 1 369 7660; Belgium (02) 569.56.47; Brazil 011-564-6024, (312) 915-3135; Canada (508) 481-3700, (416) 625-1907; China (1)-8331145; Denmark 48 14 14 88;
Finland (0) 3511800; France (1) 69.07.78.02; Greece (1) 361-4300; Hong Kong 2515-0018; India (22) 231040; Israef 09-545685, 09-407352; Japan (03) 5489-3871; Korea (02) 718-9521; Malaysia (3) 261 6786; Mexico (5) 575-6091;
The Netherlands 10-4795700; New Zealand (9) 415-8362; Norway (22) 43 41 50; Portugal (1) 7934834, (1) 7934934; Singapore 773 4300; South Africa (12) 803-7680; Spain (1) 555-8112; Sweden 08 765 02 80; Switzerland (1) 908-1313;
Taiwan (62) 3039836; Thailand (22) 233-9836; Turkey (212) 288-6312, (212) 288-6215, (212) 274-9097  07/21/95
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"The laboratory contacts
given to us by the NTTC's
technology access agent
helped to create a new
product that should
double our sales. . . saved

us $100,000 in research
costs and cut time-to-
market by almost a year."”

—Paul Fischione
E. A. Fischione Instruments, Inc.

Access to the world of
federally funded research
and expertise is now
available to you. . . for Free.

Whether your need is for
your own research efforts, a
manufacturing process or a
new technology, the National
Technology Transfer
Center's technology access
agents will help you.

You will receive:

* Personalized service
by an experienced
staff

* Prompt turnaround of
your request

* The best contacts
in the federal
research network,
giving you the
expertise, facilities
or technology you need

Call

800-678-6882
today!

National Technology Transfer Center
Wheeling Jesuit College
316 Washi Avenue
Wheeling, WV 26003
Fax: 304-243-2539

For More Information Write In No. 401

vl ENTS

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

Image Data Compression
Having Minimum
Perceptual Error
(U.S. Patent No. 5,426,512)
Inventor: Andrew B. Watson, Ames
Research Center

Image data compression helps reduce the
load on communication network computer
infrastructure by reducing redundancy, the
number of bits, and invisible image-compo-
nents-but perceptual error is often the cost. Mr.
Watson's invention provides a method for com-
pressing visual information, based on luminance
masking, contrast masking, and error pooling,
that provides a visually optimized image with
high resolution and low perceptual error, mini-
mizing such error for a given bit rate.

For More Information Write In No. 753

Extended Linear lon Trap
Frequency Standard Apparatus
(U.S. Patent No. 5,420,549)
Inventor: John D. Prestage, Jet
Propulsion Laboratory

The low number of confined ions in a trapped
ion-based frequency standard for atomic clocks
leads to a low signal-to-noise ratio, limiting
clock stability. The linear ion trap increases the
number of trapped ions tenfold and gives a sim-
ilar increase in clock stability. Dr. Prestage's new
extended linear ion trap, with two ion-trap
regions, requires magnetic shielding only in the
second region and decreases by a hundredfold
the volume of the region requiring shielding.

For More Information Write In No. 756

High-Energy-Density and High-
Power-Density Ultracapacitors
and Supercapacitors
(U.S. Patent No. 5,426,561)
Inventors: Shiao-Ping S. Yen and
Carol R. Lewis, Jet Propulsion
Laboratory

To increase efficiency sufficiently to make
them practical, batteries for electric vehicle
propulsion systems need low weight and vol-
ume, thus high energy and power densities in
the capacitors. Ultracapacitors and superca-

pacitors have been devised to this end, but nei-
ther yet are sufficient for an electric vehicle
propulsion system. Yen and Lewis' new ultraca-
pacitor and supercapacitor designs replace the
two discrete metal current collectors for anode
and cathode with a single thin polymer film,
reducing capacitor volume threefold and
increasing energy density ninefold.
For More Information Write In No. 755

Mechanical Energy Absorber
(U.S. Patent No. 5,423,400)
Inventor: Clarence J. Wesselski,
Johnson Space Center

Mechanical energy-absorbing systems often
are sensitive to friction coefficient changes and
extreme temperature changes, produce a sharp
load spike at the beginning of a stroke, and
require close manufacturing tolerances. The
present invention employs diaphragm elements
that frictionally engage the shaft and are
opposed by a force-regulating set of disc
springs that stabilize the load level even if the
friction coefficient greatly increases. This force
feedback counters the effects of manufacturing
tolerances, sliding surface wear, temperature
changes, dynamic effects, and lubricity.

For More Information Write In No. 751

Slow-Release Fertilizer
(U.S. Patent No. 5,433,766)
Inventors: Douglas W. Ming and
Dadigamuwage C. Golden,
Johnson Space Center

Mineral fertilizers such as apatite do not sup-
ply all nutrients, contain toxic elements, and
often need micronutrient supplements. Also,
multiple mineral phases diffuse in the soil at
varying rates, offer little control over a plant's
daily micronutrient needs, require large quanti-
ties because of soil impediments, and can be
washed away. This slow-release fertilizer is a
synthetic calcium phosphate apatite having
agro-nutrients embedded in its crystalline struc-
ture, is free of toxins, and releases micronutri-
ents as the apatite dissolves.

For More Information Write In No. 752

Extra-Corporeal Blood Access,
Sensing, and Radiation
Methods and Apparatuses
(U.S. Patent No. 5,429,594)
Inventor: Kent D. Castle, Johnson
Space Center
The apparatuses have one or more access
ports in tubing, through which blood flows, and
with associated windows for either treating or
analyzing the blood. Flow rate may be con-
trolled for treatment radiation such as neutrons,
ions, photons, or alpha particles; other possible
treatments through the apparatus include heat,
sound, electrical energy, or electrostatic force.
For More Information Write In No. 754
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FROM
SUPERCOMPUTER

Take the power of CFD
into your own hands, the

accomplished through con-

tinuous development and

way you work, where you application. The results:

work — at your own desk! CFD2000™,

wmiwrrein (CFD) SOLUTIONS rocors oo com

of CFD2000 can meet you on puter memory and computer
almost any platform: your PC, speed, in conjunction with
your workstation, or your I CFD2000s™ revolutionary ad-
supercomputer. vances in numerical meth-

Now, computer simu- ods and user interface

lations of physical processes graphics tools , provide an
involving fluid dynamics enabling technology for
coupled with heat transfer designers and analysts
can be performed on your

desktop. With CFD2000™,

who are addressing real
problems in engineering
full 3D viscous Navier— mechanics.
Stokes flow — once Equip yourself with
achievable only via the the tools that make engi-
supercomputer — is at your neering solutions flow. Call

fingertips. your Adaptive Technical

As a leader in compu- Sales Engineer today to

tational fluid dynamics for over 20 find out how to solve your design

.
Ada tlve challenges using computational
o ™ fluid dynamics.
RESEARCH

Cort

years, Adaptive delivers software with

advanced simulation capabilities,

“Adapt or Die.”

205 ¢ 830 ® 2620 4960 Corporate Drive, Suite 100-A » Huntsville, Alabama 35805, USA « FAX 205+ 830 * 2628
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New Product Ideas

New Product Ideas are just a in the appropriate the TSP referenced at the
few of the many innovations section in this issue. If you end of the full-length article
described in this issue of NASA are interested in developing a or by writing the Commercial
Tech Briefs and having product from these or other Technology Office of the
promising commercial NASA innovations, you can sponsoring NASA center
applications. Each is discussed receive further technical (see page 14).
further on the referenced page information by requesting

Thin-Film Power Trioxane: Electrochemical Deposition

Transformers

Microfabrication techniques would be
used to produce these transformers. The
proposed transformers could have geo-
metric features finer than conventionally
made models.

(See page 44.)

Process-Information
Display Panel for
Welder’s Visor

A head-up display mounted on a
welder’s visor would supply key process
information in real time. Such a display
would help the welders to follow process
parameters more uniformly and to guide
new welders away from problems previ-
ously encountered by others.

(See page 48.)

a Fuel for Direct-Oxidation
Fuel Cells

Trioxane can be used as a substitute
for formaldehyde in these cells. The
former has been identified as a high-
energy, nontoxic, solid substitute for
formaldehyde.

(See page 63.)

Closed-Loop System
Removes Contaminants
From Inert Gas

A limited quantity of inert gas is sufficient
for processing semiconducting materials.
The recycled gas is purified by cartridges
that remove water vapor and oxygen.
Porous metal filters remove particles.

(See page 64.)

of Thiolate Monolayers on
Metals

One potential use of this method is
fabrication of chemically selective thin-
film resonators for microwave oscillators
used to detect pollutants. Other uses are
in selective chemical derivatization for
improving adhesion, lubrication, protec-
tion against corrosion, electrocatalysis,
and electroanalysis.

(See page 65.)

Predatory Microorganisms
Would Help Reclaim Water

Harmless Dictyostellium amoebae can
be used to advantage to consume path-
ogenic bacteria in wastewater, without
toxic chemicals, intense heat, or ionizing
radiation.

(See page 97.)

NEW features!

* 64-bit support for R8000 machines
* system enhancements, including an
improved scripts interface; a new

visual “drag & drop” interface;
new widgets for module control
panels; editable groups

» new modules for vector data, geo-
metry, annotation, data analysis;
“NAG” modules based on the
NAG Graphics Library and NAG
numerical libraries

 completely revised, updated docu-
mentation
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Get to know the new IRIS Explorer

The latest version of the complete object-oriented visualization package
for scientists and engineers displaying and analyzing complex data

Varied applications!
IRIS Explorer is a valuable problem-
solving tool for:
* computational fluid dynamics
» mechanical, electrical engineering
* aerospace engineering
* geology
* physics
* biochemistry
* medical research
* atmospheric research
» architecture
» financial modeling
* and many more applications!

NUMERICAL ALGORITHMS GROUP, INC.
1400 Opus Place, Suite 200 » Downers Grove, IL 60515-5702 « 708.971.2337 « fax 708.971.2706

For More Information Write In No. 402

The Numerical Algorithms Group proudly announces IRIS Explorer™ release 3.
Designed for top-quality performance in distributed processing environments or
on individual workstations, this comprehensive package is the visualization software choice

of scientists, engineers and other business professionals worldwide.

NEW platforms!

* available now for SGI, SUN
SPARC (OS 4.1.x and Solaris 2.x),
IBM RS/6000, Cray YMP and HP
9000/700; available soon for DEC
Alpha (OSF1)

For more information about the
NEW & IMPROVED

%:? IRIS Explorer release 3

and other products for
software development and research,
contact NAG at the numbers below,
or e-mail info-nth@nag.com.

NAS

NASA Tech Briefs, October 1995

ntbad




w
i

l"mml”ll’h

4

Got a little project?

Turbo ZX For shockingly fast repaints.
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Presenting the new Sun™ Turbo ZX workstation. Its repainting speed blows the enamel off the competition.

Based on an average of the four leading MCAD workstation applications, Turbo ZX creates wireframe repaints

two to three times faster than comparable mid-range workstations. Now what are you
waiting for? For more information about our blazing new workstation, just contact

us on the Internet at http://www.sun.com or call 1-800-786-0785, Ext. 295. It's toll-free.

©1995 Sun Microsystems, Inc. All rights reserved. Sun, Sun Microsystems, the Sun Logo, Turbo ZX, and The Network Is The Computer are tr

For More Information Write In No. 567

D Sun

THE NETWORK IS THE COMPUTER™

f Sun Microsystems, Inc. in the United States and other countries.



NASA INNOVATIONS

Technology 2005 (October 24-26 at Chicago's McCormick Place) will showcase an
array of commercially promising inventions and processes developed by NASA's leading
technologists. Here is a sampling.

Camera On A Chip
The Active Pixel Sensor (APS), devel-
oped at NASA's Jet Propulsion

Laboratory, stores on a single computer
chip all of the components necessary to
produce an image. The camera-on-a-
chip technology makes possible an
imaging system that is smaller, less
expensive, and more efficient than cur-

The Active Pixel Sensor stores on a lnngh- rampul!-r chip nll compom’nln nec-

videoconferencing applications, and with
Kodak for electronic photography.

A Powerful Alternative
NASA's Lewis Research Center has
developed a thermophotovoltaic (TPV)
power system that converts heat energy
into electrical energy by coupling the heat
energy to an emitter to produce infrared
- memEy light. A low-bandgap
photovoltaic device or
solar cell, sensitive to
IR light, is placed in
front of the emitter to
produce electricity.
The thermal energy
can come from any
source, from fuel com-
bustion to nuclear
decay to concentrat-

ed solar energy.
Lewis researchers
have developed two
methods of convert-
ing thermal to radiant
energy. One involves
the use of a black-

essary lo produce an image. Minialure, low-power, low-cost imaging systems

are possible with the camera-on-a-chip technology.

rent charge-coupled device (CCD) imag-
ing sensors, according to Dr. Eric
Fossum, who led the development team
at JPL. CCDs cost about $1000 per mil-
lion pixels when made for low-volume
applications. APS devices are made in a
conventional integrated circuit facility for
one-third what a similar wafer using the
CCD process costs. The complementary
metal-oxide semiconductor (CMOS)
technology used to manufacture the
APS is used for almost all microproces-
sors and memory chips.

Developed by JPL's Center for Space
Microelectronic Technology for space
applications, the sensor enables the
manufacture of low-cost, low-power,
miniature cameras with on-chip timing,
control, and drive electronics. It can
communicate directly with a micro-
processor or computer.

Commercial uses include personal com-
puter visual communications, advanced
television, electronic still cameras, labora-
tory-based cameras, medical and nuclear
instruments, toys, automobiles, and
space-based surveillance systems. JPL
has signed an agreement with AT&T for

20

body emitter, such as
silicon carbide, to
produce a broadband photon spectrum.
A high-pass filter reflects the unusable
photons back to the emitter, where they
are adsorbed and aid in maintaining the
emitter temperature.
The second meth-
od couples thermal
energy to a selective
emitter, which is
composed of a rare
earth oxide that has a
characteristic emis-
sion band indicative
of the rare earth ele-

Flow Straightener/
Bearing Support

Flow

ment used ‘in the e
emitter. Outside this
band, the emitter

produces little radiant
energy. This method

power generation, and in co-generation
applications such as self-powered natu-
ral gas furnaces. The system also could
provide electricity for an electric vehicle,
resulting in reduced pollution since the
fuel would burn more thoroughly at lower
temperatures.

McDonnell-Douglas has teamed with
Lewis to develop TPV power systems for
utility scale power generation using con-
centrated sunlight.

Heart Helper

Developing a long-life implantable
artificial heart is a goal of medical
researchers worldwide. With no such
product on the near horizon, NASA's
Johnson Space Center has joined
forces with Baylor College of Medicine
to develop a Left Ventricle Assist
Device (LVAD) that doesn't replace the
heart, but supplements its pumping
capacity in the left ventricle.

Tools and techniques used by NASA in
spacecraft propulsion system compo-
nent design were used in the design of
the LVAD, which is a small, implantable,
axial-flow pump that minimizes red blood
cell trauma and thrombosis. The LVAD
consists of three components: a flow
straightener to direct the incoming flow
axially and support the front bearing; an
inducer/impeller (the only moving part)

»+ NASA/BAYLOR AXIAL FLOW VAD

Magnets in Impeller Blades Diffuser/

Motor Stator Bearing Support

Inducer

Impeller/
Io1or Rotor:

provides the highest

A small, i r' tabl

lhe hmrl s pumping cnparih‘ using

system efficiency, but
the blackbody/filter
method supplies the
highest power density. Both methods
employ rare earth doped YAG crystals.
The small, lightweight, quiet TPV
power systems have applications in
remote/RV power, consumer and utility

Jor a transplant.

pump
only one moving parl. The L rfl Ventricle Assist Device can assisl a weak
heart after surgery, maintain a heart until a transplant, or negate the need

that rotates between 10,000 to 12,000
revolutions per minute; and a diffuser that
redirects the tangential flow and supports
the rear bearing. There are no seals or
diaphragms which can fatigue, fail, or
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leak. Support equipment consists of a
potentially implantable controller, and pri-
mary and secondary batteries.

The device provides temporary ventric-
ular assistance to patients experiencing
weak cardiac function after surgery. It will
support the patient until the heart recov-
ers, usually less than one month. The
LVAD also can maintain the heart in a sta-
ble condition in patients requiring a total
heart transplant untii a donor is found,
which can range from one month to one
year. In some cases, the need for a trans-
plant may be negated by permanent
implantation of the LVAD, if the heart is sta-
ble but simply not able to produce suffi-
cient blood flow.

The LVAD is 25% more efficient than
other clinically available devices, which
can restrict mobility and limit the size
range of patients in which they can be
implanted. An estimated 50,000 to
60,000 patients per year in the U.S.
alone are in need of an implantable LVAD.

Generating Ozone by
Electrolysis

Lynntech, Inc. of College Station, TX,
teamed with NASA's Johnson Space
Center to develop an electrochemical
process of generating ozone for reclama-
tion and repurification of wastewater in
regenerative life support systems.

Ozone gas is a nonpolluting water
treatment chemical with a growing
number of commercial applications.
When introduced into water, it breaks
down into oxygen and water, leaving no
harmful residual chemicals. It has
become more widely used as a munic-
ipal drinking water disinfectant, replac-
ing chlorine which produces more dis-
infection by-products.

Ozone cannot be stored as a com-
pressed gas—it must be generated at the
application site-and usually is made by
the corona discharge process, which is
expensive on a small scale due to high
equipment costs. The new alternative

process forms ozone electrochemically
by the electrolysis of water, using ozone
in combination with ultraviolet light.
Electrochemical ozonizers have a
number of commercial applications, such
as creating ozone for disinfecting ultra-
high-purity water used in the manufac-
ture of semiconductor devices. Haz-
ardous wastewater containing organic
pollutants can be treated using the new
process, which eliminates the pollutants
by oxidation, rather than transferring
them from one place to another. The
process creates a concentrated ozone
source, generating a gas stream contain-
ing up to 20% ozone by weight. The
higher concentrations generated by this
process permit more effective transfer of
ozone into a process stream.
Small-scale water recycling systems
are becoming common, and alternative
disinfectants to chlorine are being
sought. Electrochemical ozonizers could
serve this growing market in the U.S.

Green Machine

Renew, reuse, recycle. From paper bags to soup cans to
soda bottles, virtually every type of packaging is recyclable.
Now, NASA is helping to drive an innovation that could make
your car totally recyclable.

The government's automobile standards for the future speci-
fy a low-emission, fuel-efficient, recyclable, affordable
"Supercar." XCORP of Beverly Hills, CA-in cooperation with 36
aerospace and automotive engineers and NASA-has designed
a concept car that could meet such requirements. The rear-
wheel-drive, rear-engine XCAR features an all-composite mono-
coque chassis. It's expected to get up to 90 miles per gallon
and reduce emissions by 80% compared to other vehicles. And
if that's not enough, the car also would be wallet-friendly, sport-
ing a sticker price between $10,000 and $13,000.

XCORP used a computer net across California to design the
car, and a consortium of suppliers and defense labs has devel-
oped a prototype in conjunction with NASA's Far West Regional
Technology Transfer Center at the University of Southern
California. NASA Langley Research Center's fluid dynamics
computer department will conduct crash simulations using the
Internet, and a new rapid prototyping plant at the Department of
Energy in Kansas City will produce the car's parts.

A class of materials called Environmental Composites (ECs)
is mixed with aluminum to produce an inexpensive, recy-
clable, one-piece car body. The lightweight, strong, noncorro-
sive, nonconducting, vibration-dampening composites are
made using a low-emission, low-energy manufacturing system.

They even can be formulated from agricultural waste or recy-
cled materials.

The XCAR can be manufactured using one-third as many
parts as a conventional car, eliminating spot welding, drilling,
bolting, and most finishing operations commonly used in the
manufacture of steel cars. And when the XCAR has reached
the end of its environmentally friendly road, it can be stripped
easily and its main components, advanced polymers and alu-
minum, can be recycled.

An XCAR model will be featured in Technology 2005's
“Transportation Tomorrow" exhibit pavilion of automotive, avi-
ation, marine, and mass transport advances.

NASA Tech Briefs, October 1995
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One Destination
.IWO0 Routes

For your Data Acquisition and Analysis needs

@=m Easy Street
Exit here for “express” data
acquisition and analysis. Each icon
represents a complete function, not
just single commands, avoiding the
“icon overload” of other software.

Create a simple instrument with the A/D Display and
DJsk icons to emulate oscilloscopes,
- recorde te;memnm gangesand more.. wnhout
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Seeing is Believing

Affecting nearly 50 million people each year worldwide,
cataracts remain the major cause of blindness. There is no
medical treatment to prevent, halt, or reverse the progression of
cataracts—surgery is the only recourse. A new method of
detecting the onset of cataracts noninvasively eventually may
be used to develop and test new drugs or diet therapies that
could slow the formation of cataracts, or dissolve them, before
surgery is required.

A compact fiber-optic probe developed for microgravity sci-
ence experiments on the space shuttle has been applied to eye
diagnostics through NASA's Lewis Research Center. The probe is
based on dynamic light scattering principles and has no moving
parts. It does not require optical alignment, and contains a minia-
ture microscope for imaging the eye. The size of a pencil, the
probe is positioned in front of the eye and delivers a low power
cone of laser light into the eye. The light is back-scattered by the
protein molecules of the lens through a receiving optical fiber to a
photodetector. The system provides a means for studying physi-
cal properties of the anterior and posterior chambers of the eye.

The device detects not only cataracts but also diseases of
the chambers and indicates patients affected by cholestrolosis.
Complete eye diagnostic capabilities are provided to ophthal-
mologists in one small instrument package.

A Unique Plastic

A patented thermoplastic, developed by Robert Bryant at
NASA's Langley Research Center, shows promise as a useful
tool in almost all manufacturing processes. LaRC SI (soluble
imide) is a moldable, soluble, strong, crack-resistant polymer
that can survive at high temperatures and pressures. While
originally designed for high-speed civilian aircraft, it promises to
be useful in aimost all manufacturing processes.

A new method of fabricating flexible printed circuils incorporates Langley's
LaRC SI soluble polyimide. The method completely eliminates the use of
adhesives and pressure bonding.

The polyimide is the highest-performing class of plastics. It is
superior to epoxies, polyesters, and other materials since it can
withstand hostile environments and be molded into any shape.
It bonds to itself and is soluble only once, making it ideal for
such applications as multilayer flexible circuits.

The thermoplastic is based on readily available compounds.
When melted, it can be painted or sprayed onto a surface,
where it hardens when dry. LaRC Sl is unlikely to burn, and is
resistant to hydrocarbons, lubricants, antifreeze, hydraulic fluid,
and detergents found in manufacturing environments. It also
can be used as a base film or adhesive for use by manufactur-
ers of mechanical parts, abrasive coatings and thin fims.

For more information on these technologies, contact the NASA
field center that sponsored the research (see page 14). For infor-
mation on Technology 2005, call 1-800-633-0062, ext. 117.
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Brilliaont Monitor!
Huge Memory!
Laser Resolution Chart!

TRUE FIELD RECORDER

M Bright, High Response Monitor
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M Analyze Data with FFT, etc.

m On-Board Floppy Drive for Setup and Memory
Transfer
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The all-new Dash 10 lets you receive up to 30 waveform
channels (DC to 25 kHz), see the data in real time on the
bright high-speed vacuum fluorescent monitor, record with
laser quality fidelity, and at the same time capture the data
for playback and analysis. Now you can do all this on a truly
portable package powered by internal battery or AC. The \ ) - Nerr N TN Z
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Resource Report

n 1940, the US Congress autho-
rized NASA's predecessor, the National
Advisory Committee for Aeronautics
(NACA), to build a facility solely for aircraft
engine research. Named for the NACA's
former director of aeronautical research,
George W. Lewis, the Cleveland, Ohio-
based laboratory sponsored valve
research for radial engines-the war's
workhorses—a cooling system for the B-
29, fuels, lubricants, and seals. The cen-
ter went on to develop liquid hydrogen
propellant and the Centaur upper-stage
launch vehicle for the space program,
enabling Apollo astronauts to reach the
moon. Lewis' chemical propulsion, seal
design, and engine bearings research
contributed to the space shuttle's main
engines.

As NASA's lead center and Center of
Excellence in aeropropulsion, Lewis con-
ducts research and technology develop-
ment in subsonic, supersonic, hyperson-
ic, and high-performance aircraft propul-
sion systems, supported by research in

Boeing's inlet concept for high-speed civil transport is tested at Lewis' 10 x 10 wind tunnel.
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materials, structures, internal fluid
mechanics, instrumentation and control,
interdisciplinary technologies, and aircraft
icing. For next-generation, high-speed
civil transport-which must improve upon
current supersonic jets for fuel-efficiency
and environmental considerations—Lewis
is collaborating with General Electric and
Pratt & Whitney to devise new enabling
propulsion materials. Ceramics matrix
composites, a major thrust of Lewis'
materials research, could operate
uncooled in the engine's extremely high-
temperature, low-emission combustors.

In satellite communications, another
Lewis specialty, the center manages the
Advanced Communications Technology
Satellite (ACTS) project, essentially an
orbiting technology laboratory, to meet
increasing communications demands.
ACTS is testing wide bandwidth chan-
nels and the Ka frequency band to com-
pensate for the already congested C and
Ku bands; spacecraft antennas that gen-
erate narrow spot beams; and a digital

communications processor that routes
traffic from the hopping spot-beams to
the appropriate destination

As with the ACTS program, Lewis
focuses many of its projects to benefit
the users in industry and academia who
work with the center during develop-
ment. Already, from ACTS, Motorola is
adapting Ka-band and onboard switch-
ing technologies to its worldwide com-
munications system, and Norris Com-
munications is constructing a Ka-band
spot-beam satellite.

Over 4000 personnel at Lewis' 350-
acre Cleveland site and 6400-acre Plum
Brook site carry out its aeronautical and
related programs in 24 major facilities
and over 500 specialized research facili-
ties. The Icing Research Tunnel, the
world's largest, was established in 1944
and led to the development of ice pro-
tection technologies that largely have
diminished icing problems for aircraft,
although research in
improvements continues
at the tunnel. The Hy-
personic Wind Tunnel,
the only nonvitiated
hypersonic tunnel in the
US, produces high
mass-flow rates of high-
temperature, uncontam-
inated air for simulating
Mach 5 through Mach 7
velocities. Lewis also
has 10 x 10-foot super-
sonic, 8 x 6-foot super-
sonic/transonic, and 9 x
16-foot subsonic wind
tunnels; a propulsion
systems laboratory; an
engine component re-
search laboratory; and a

powered lift research
laboratory.
Lewis' research in

spacecraft power is car-
ried out in facilities such
as the Energy Conver-
sion Laboratory, where
new photovoltaic tech-
nologies are created.
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search Laboratory devel-
weight nickel-hydrogen

Lewis' Materials Divi-
polymer matrix compos-
new Microgravity Materi-
government researchers to conduct low-
space station. To test the reliability and
which won the 1994 NASA Software of
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The Space Power Re-
ops electrochemical power
systems such as light-
batteries and hydrogen-
oxygen fuel cells.
sion furthers innovations
in ceramics, tribology,
ites, and ceramic and
metallic coatings. The
als Science Laboratory
offers access to academic, industry, and
gravity materials processing experiments
on the shuttle and in the future of the
life of ceramic structures, researchers in
Lewis' Structures Division wrote CARES,
the Year award (NASA Tech Briefs,
December 1994, p. 12).

Although aeronautics and aerospace

forms the primary thrust of Lewis
research, the center also offers technolo-
gy applications to other fields. For exam-
ple, the center reaches out to universities,
hospitals, and industry to encourage

NASA Tech Briefs, October 1995

technology transfers and collaborative
projects, employing the center's facilities
and expertise in fluid mechanics; surface
modification; energy storage systems
and thermal transport; materials develop-
ment and structural design; and electron-
ics, communication, and instrumentation.
"We were interested in areas that
might have a very strong coupling with
the immediate community (Cleveland),
which is known for its premier medical
facilities and research," said Ann
Heyward, chief of Lewis' Office of
Commercial Development (OCD). "We
already had many people in the lab trans-
ferring technologies from aerospace to
health and medical applications and
decided that it made sense to try and
integrate this under one umbrella."

(Left) Metallograph, 500 times actual
size, reveals the structure of a nickel
aluminide eutectic alloy used in air-
craft turbine blades, as developed
through Lewis materials research.
(Below) At Lewis' Engine Research
Branch, Test Installations Division, a
high-speed research duct model under-
goes testing.

Lewis has collaborated with the bio-
engineering community to produce bio-
logically compatible coatings for
implants; structural-modeling computer
codes for orthopedic implants; comput-
er-assisted, minimally invasive surgery;
acousto-ultrasonic detectors for bone
and muscle deterioration; fiber-optic sen-
sors; noninvasive, miniaturized sensors;
and improved wheelchair-batteries.

"Our ultimate goal is to solve our cus-
tomer's problem," said Heyward. "That
may involve taking a Lewis technology
and looking for an application for it-a
'technology push' approach. We are also
looking at 'market pull' factors-what
things are important to our customers
and where they are looking for technolo-
gies, and trying to make those matches
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where we can." Lewis is compiling a
directory of expertise to be available in
the next few months, she explained, "so
if customers know they need some
expertise in a particular area, they can
turn to it in this directory."

The OCD has streamlined some of the
processes by which industry can link up
with Lewis. For example, it has standard-
ized language in drawing up Space Act
Agreements. "By doing so, and making it
available electronically, we cut the time to
prepare and approve an agreement from
a year to about a month," Heyward said.
“In one directorate alone, we've had a
tenfold increase in the number of agree-

ments in the last two years."

Lewis now has over 500 cooperative
relationships of various kinds and leads
the NASA field centers in the number of
Small Business Innovation Research
(SBIR) participants it manages.

JIhis" emphasis on partnering has
restitéd in a prolific amount of spinoffs
and gther applications of Lewis technol-
ogy. In 1994, Lewis selected two compa-
nies, Hitec Products, Inc. and HITEC
Corp., to commercialize its advanced
high-temperature resistance strain
gauges. Critical to advanced gas turbine

Meeting the Human Challenge

Armstrong
Laboratory

?, '\
2 \

Air Force Human-Centered Technologies Now
Available for Licensing, as Service, or under
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engines and hypersonic aerospace vehi-
cles, the gauges can accurately measure
static strain to temperatures of 800° C,
compared to 400° C by other instru-
ments. Hitec sold 75 gauges in one
month, and HITEC received several
requests for gauge installation. Gauge
sales are projected at $3-5 million in the
next four years.

Lewis is a Center of Excellence in
microgravity science, researching com-
bustion science and fluid physics. This
has led to at least one potentially impor-
tant spinoff for the health care industry: a
medical diagnostic tool that is a fiber-
optic, laser light-scattering probe for early
detection of cataracts, cholestrolosis, and
other systemic and eye diseases. (For
more on this technology, see "NASA
Innovations" beginning on page 20.)

To increase the life of Allison Engine
Co.'s Model 250 helicopter and rotary-
wing aircraft turbine engine, Lewis and
the company signed an Aerospace
Industry Technology Program cooperative
agreement with Howmet Corp., Cannon-
Muskegon Corp., and Purdue University
last January. By integrating new materials
into the turbine wheel-doubling to tripling
wheel life-and other components, the
effort aims to maintain Allison Engine's
US market share against increasing for-
eign competition. On top of NASA's $1.9
million cost share to the project, its part-
ners contributed $4.4 million.

Other commercialized Lewis technolo-
gies include thin-film diamond-like car-
bon (DLC) used in scratch-resistant coat-
ings for eyeglasses, wear-resistant hip-
joint balls, and coatings for surgical nee-
dles to minimize needle-puncture dam-
age to the patient and reduce recovery
time. Research in ion propulsion for
spacecraft has filtered into the develop-
ment of industrial ion-beam sources,
used for etching electronic microcircuits
and depositing thin films for solar cells or
optical equipment-or depositing DLC.
When the center was hunting for a way
to feed fuel into a weightless orbiting
spacecraft's engine, it devised a magne-
tized fluid with finely ground iron oxide
particles. This gave birth to Ferrofiuidics
Corp. of Nashua, NH, which found that a
ferrofluidic rotary shaft seal solved a con-
tamination problem in a system for mak-
ing semiconductor chips. Now the use of
ferrofiuids in rotary shaft seals of all kinds
has increased, and most computer
memory disk drives use magnetic fluids.

For further information, contact Ann
Heyward, Office of Commercial Devel-
opment, Lewis Research Center,
Cleveland, OH 44135; Tel: 216-433-
3494; Fax: 216-433-5266; E-mail:
caann@Ilims01.lerc.nasa.gov.
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Next Generation Turbine/Wind
Tunnel Testing...Now!

o

Getting your aerospace test facility
ready for the 21st century means
looking to the innovators in pressure
instrumentation. Electronic pressure
scanning systems from Pressure
Systems, Inc. changed the way the
aerospace world measured pressure,
. and they remain the overwhelming
" standard in propulsion and wind
tunnel testing.

Now, PSl is introducing the next
generation of test equipment incor-
porating intelligent pressure scanners
that provide digital compensation

of sensor characteristics, including
temperature effects. This virtually
eliminates thermal error and
provides guaranteed system
uncertainty of less than +0.05% FS.

And, PSI has dramatically enhanced
the throughput of its VME-based
System 8400 pressure scanning
system with a new high performance
hardware/software package that is
also available for existing systems in
the field. This enhancement provides
the platform for significant system

Upgrcenpgens oI PRESSURE SYSTEMS
When you're getting your test

facility ready for tomorrow, don’t use , 34 Research Drive

yesterday’s technology. Call Pressure Hampton, VA 23666

Systems, Inc. today. 1-800-678-SCAN

Fax: 804-766-2644

Photo courtesy of Arnold Engineering Development Center
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Special Focus: Data Acquisition
and Analysis

Magnetic or Optical Surface Layer
Would Indicate Strain

The surface layer would be deformed along with the substrate.
Langley Research Center, Hampton, Virginia

In a proposed method of obtaining
information on strain at a surface of a
material specimen, a magnetic coat (like
that on magnetic tape) or an optical coat
(ike that on a compact disk) would be
applied to all or part of the surface to be
monitored. The coat would contain a
record of its initial geometrical condition
and would be read to determine
changes in its condition, which changes
would correspond to changes in the
monitored surface.

The coating layer and the associated
measuring equipment, taken together,
would constitute a system called a
“material strain monitor” (MSM). The
system (see figure) would include an
electronic module connected to a read-
ing/writing probe via a data cable. The
reading/writing probe would include
wheels or other means of determining
displacement of the probe along the sur-
face. The probe would also include a
reading/writing head, which would read
and write information in the coating
layer. A technician would press a “start”

button on the probe to initiate the strain-
monitoring procedure. The probe would
then move over the surface to be moni-
tored, writing or reading information in
the coating layer.

In coating the surface to be moni-
tored, magnetic particles could be
mixed with a bonding agent and the
mixture could be applied to the surface
as a paint or spray. The resulting thin
surface film would resemble the coat-
ing layer on a magnetic recording tape.
The reading/writing probe used with
such a film would be a standard mag-
netic reading/writing head capable of
aligning the random magnetic domains
in the film.

Alternatively, the coating layer could
be a photographic emulsion applied in
the dark. In this case, the reading/writing
head could be connected to the elec-
tronic module via a fiber-optic cable and
would include a lens to focus light onto
the photographically treated surface.
The fiber-optic cable could be used to
both write in (expose) the emulsion and

read from (measure the reflectance of)
the emulsion.

The electronic module would include
a logic submodule, a data bus, and a
displacement-voltage generator, which
together would measure the motion of
the reading/writing probe over the mon-
itored surface by use of rate-of-change-
of-voltage (dV/dt) processing: The out-
put of the displacement-voltage genera-
tor would govern the rate of generation
of pulses by a voltage-controlled oscilla-
tor. These pulses would drive an output
amplifier that would be connected to the
reading/writing probe during writing.
During reading, an input amplifier would
be connected to the reading/writing
head and a phase detector would com-
pare the phase of the input (reading) sig-
nal with the phase of the signal from the
displacement-voltage generator. The
output of the phase detector would be
digitized and stored in memory along
with the position calculated by the logic
submodule, which would integrate the
signal from the displacement-voltage

Electronic : ’
Modiile Specimen of Material
. Displacement- Voltage-
Su:)-r?ggule Voltage Controlled
Data Cable Data Bus Generator Oscillator
u P I I L
Start” Button Reading/Writing i i i
Head on Probe
Voltage Output ”
Memory e To Reading/
\ Strobe Amplifier Writing Head
I} 0 1T
Reading/Writing Probe Al I Al
(Reading)
Digitizer DF;T::tir Input From Reading/
Amplifier Writing Head

Magnetic or Optical Coat
on Surface To Be Monitored

Stored
Information

DETAIL OF ELECTRONIC MODULE

A Pattern of Information would be stored magnetically or optically in the coating. Deformation of this pattern would provide data on the defor-
mation of the underlying material. The electronic module would process the stored information.
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generator to calculate the distance (mea-
sured via rotation of the wheels) traveled
along the surface.

Information would be written into the
surface layer prior to deformation. The
information pattern would remain em-
bedded in the material and would suffer
the same deformation as that of the ma-
terial. Therefore, it would provide quanti-
tative data on plastic deformation of the
material. The data could be vectorized
by writing the information in orthogonal

tracks. Inasmuch as magnetic or optical
lines can be read at densities of more
than 10%in. (about 4 x 10*/cm), the MSM
could measure plastic deformations at
high data densities anywhere a surface
could be suitably coated. In contrast,
conventional strain gauges can measure
at single locations only, are vulnerable to
mechanical disturbances, and cannot
achieve high densities of data. The MSM
will likely be very important in research in
materials and mechanics; in particular, it

is expected to compete strongly with sys-
tems based on image-analysis and laser
techniqgues now being developed to
obtain information on strain fields.

This work was done by Joseph S.
Heyman of Langley Research Center.
No further documentation is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Langley Research Center; (804) 864-9260.
Refer to LAR-14510.

@ Media Controller for Receiving Data
From a TAXI™ Link

This circuit buffers data signals and detects some abnormalities in the signals.
Lyndon B. Johnson Space Center, Houston, Texas

The TAXI™" media controller (TMC) is
an interface circuit that supports the
operation of test equipment in diagno-
sis of a telemetry system in which data
are communicated via TAXI™ links. The
TMC is designed specifically for use
with a TAXI™ test adapter for monitor-
ing and testing telemetry data signals
generated by payloads and other sub-
systems of the Space Station Freedom.
The TMC can also be used with other
data-communication test equipment for
testing TAXI™ links or other links that
generate signals according to the same
protocols.

“TAXI” as used here means “transpar-
ent asynchronous xmitter/receiver inter-
face” (using “xmitter” for “transmitter” as
is occasionally done in the electronics

industry). A unidirectional high-speed
serial data link can be constructed with
TAXI™ transmitting and receiving inte-
grated-circuit chips: At the source of
data, a TAXI™ transmitting chip imple-
ments a 4-bit/5-bit coding scheme for
serial transmission in which extra bits
(beyond those needed to communicate
data) are added for command symbols.
At the receiving end of the link, a TAXI™
receiving chip decodes the signal and
deserializes the data stream.

The test equipment in the original
application is required to receive the
data output of the TAXI™ receiver, verify
the applicable data-packet protocol,
and verify that the data rate does not
exceed the data-buffering capabilities
of the high-rate frame multiplexer which

is used to receive the telemetry in the
real system. The TMC helps the test
adapter to perform these functions.
Overall, the TMC can be characterized
as providing an interface between the
output port of a TAXI™ receiving chip
and the input port of a memory system
in the test adapter (see figure).

The output of the TAXI™ receiving
chip consists of decoded parallel data
and command symbols, which could, in
principle, be clocked into compatible
test-adapter logic circuits by use of a
receiving clock signal derived from the
serial data signal. However, because
the phase and frequency of this clock
signal vary with the data stream, this
clock signal is not suitable for clocking
logic circuits in the test adapter that

Data 2 5 o e
FIFO Buffer Li . arity - Memory
Memory: X Gapé:?cs:; o0 Generator - System
8 Deep x _; Receive in
e __Data Valid Adaghon ¢
and Status
»| Media-Access- [ Stop Reception
Control State ;m
eqeionie | Data Valid Control o
- Register &
Status ] TAXI Command | _
Register i Register [
TAXI Media Controller ; Node-Processor
Data Bus

The TAXI™ Media Controller detects some abnormalities in the received data stream and resynchronizes the stream to a locally generated

clock signal.
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mean we can’t surprise you once in a while.

Now starting at
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HP DesignJet plotters are well
known for their crisp, clean print
quality. Are noted for their impres-
sive speed. And, of course, are
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on-site service warranty. Now,
with two new models, we bring you
affordability. The HP DesignJet 230
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ting for only $2,395. And for $2,995,
the HP DesignJet 250C finally
puts color plotting within reach’
For an output sample or the
name of your local HP demo
dealer, visit us on the World
Wide Web at http://www.hp.
com/info/9552.

Or, call 1-800-851-1170, Ext. 9552!

(15/0 HEWLETT®

PACKARD
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SPECIFY INCO SPECIALTY POWDERS
FOR WIDE RANGE OF
ELECTRONIC APPLICATIONS

Inco Type T 287 Filamentary Powder, parncle size (FSSS)
2.6-3.3 microns, apparent density 0.75-0.95 g/cc, relative
surface resistivity 0.30 ohms per square (O ).

Novamet HCA-1 Flake, screen mesh 98% minus 400,
apparent density 0.90 g/cc, thickness 1.0-1.1 microns,
surface resistivity 0.25 Q /0.

Inco Specialty Powder Products now has a wide
range of nickel and coated powders with exceptional
conductive and magnetic properties. These properties
make them ideal for a spectrum of electronic applica-
tions such as conducting film technology, coatings,
adhesives, gaskets and EMI shielding.

EXTENSIVE PRODUCT RANGE

The development of computer processed control
coupled with the continuous powder production
improvements enables us to meet your most stringent
powder specifications for electronic applications.

In addition to the products pictured above, INCO SPP
has available the following high performance powder
products. Novamet Conductive Nickel Spheres, particle
size (FSSS) 8-9 microns, apparent density 3.2-3.5 g/cc,
surface resistivity 1.0 ohms per square. Novamet 525
Conductive Nickel Pigment, screen mesh 100% minus
400, particle size 3.2 microns, 0.65 BET surface area
m?/g, surface resistivity 0.35 ohms per square. Silver
Coated Nickel Flake, 15% Ag, 2.6 g/cc apparent den-
sity, particle size (FSSS) 15 microns, screen mesh 99%
minus 200, surface resistivity 0.04 ohms per square.

Magnetic ferrites and surge arrestor applications also

Novamet Silver Coated Nickel Spheres, 15% Ag,
2.5 g/cc apparent density, particle size 10 microns,
screen mesh 99%-250, surface resistivity 0.03 Q/L1.

Novamet Nickel Coated Graphite, 60% fully encapsulated Ni,
apparent density 1.6 g/cc, particle size (FSSS) 100 microns,
screen mesh 63% — 150/ + 250, surface resistivity 0.3 Q /1.

use our specialized range of nickel oxides. High Purity
Black Nickel Oxide, 77.2% Ni, BET 75 (m?/g) particle
size (FSSS) 5.2 microns, minus 325 mesh 99% plus.
Green Nickel Oxide, 78.5% Ni, BET 3 (m?/g) particle
size 1.6 microns, — 325 mesh 100%.

Inco Specialty Powder Products is your unique
source for custom fitting high performance powders into
electronic applications. Our customer focused, world-
wide marketing service group is ready to help you with
your current and future needs.

For more information write INCO Specialty Powder
Products, Dept. 1-90, Park 80 West-Plaza Two, Saddle
Brook, NJ 07662
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depend on steady clock signals.
Therefore the TMC performs the initial
clocking in of the data signal, stores the
data in a first-inffirst-out (FIFO) buffer
memory, and resynchronizes the stored
data by transferring them from the FIFO
buffer memory to the memory in the
test adapter under control of a steady
local clock.

As an integral part of the resynchro-
nization and readout from the FIFO
buffer memory, the TMC inserts gaps
between packets of data that have been
received too close together for the

memory system in the test adapter to
manage without loss of data. When
command symbols in the data stream
are used to implement a low-level proto-
col (for example, encapsulating packets
of data between “start” and “stop”
delimiters), there is also a need for a
media-access-control state machine to
detect these protocol elements and
respond accordingly. The TMC includes
such a state machine, which supports
two low-level protocols used in the orig-
inal application. The TMC includes logic
circuits and a status register for detec-

tion of three abnormal phenomena; data
packets without end delimiters, data
packets received too close together,
and command symbols not defined by
the low-level protocol.

* “TAXI" is a registered trademark of
Advanced Micro Devices, Inc.

This work was done by David R.
Stauffer and Rebecca  Stempski
McMahon of International Business
Machines, Inc., for Johnson Space
Center. For further information, write in 6
on the TSP Request Card. MSC-22418

) Data-Logger Interface and Test Controller
Marshall Space Flight Center, Alabama

A data-logger interface and test
controller (hereafter “the controller” for
short) has been developed to enable
the automation of tests in conjunction
with data-acquisition functions per-
formed by data loggers that have
output-switching capabilities. The
controller includes relay logic circuits
that remain deenergized until an out-

of-tolerance condition on any data
channel is discovered. The controller
is designed to be connected to a
Fluke model 2286A (or equivalent)
data-logger system, which features 3
control channels with 6 data inputs
per channel. The controller includes an
elapsed-time counter that keeps track
of power outages.

This work was done by Donnie R.
Burch for Marshall Space Flight
Center. For further information, write
in 84 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention
should be addressed to the Patent
Counsel, Marshall Space Flight Center;
(205) 544-0021. Refer to MFS-28978.
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Q Wireless Infrared Data Link

The rate of repetition of infrared pulses indicates a measured physical quantity.
Lyndon B. Johnson Space Center, Houston, Texas

An infrared transmitter and receiver
have been designed for wireless trans-
mission of information on a measured
physical quantity (for example, temper-
ature) from a transducer device to a
remote-acquisition system. In the trans-
mitter, the output of a transducer (in
this example, a thermocouple) is ampli-
fied and shifted with respect to a bias
or reference level, then fed to a voltage-
to-frequency converter to control the
frequency of repetition of current puls-
es applied to an infrared-light-emitting
diode. In the receiver, the frequency of
repetition of the pulses is converted
back into a voltage indicative of the
temperature or other measured quanti-
ty. This voltage is fed to the data-acqui-
sition system.

In the original temperature-measure-
ment application, the transducer is a
type-T thermocouple. In the transmit-
ter, the voltage output of the thermo-
couple is amplified, shifted with
respect to a bias or reference level,
and fed to a voltage-to-frequency con-
verter to control the frequency of repe-
tition of pulses applied to an infrared-
light-emitting diode that radiates at a
wavelength of 880 nm. The frequency
is 3.6 kHz at a temperature of 20°C
and changes with temperature at a rate
of 5.1 Hz/°C. The temperature resolu-
tion of the transmitter is about 0.1 °C.

An infrared-sensitive phototransistor
in the receiver detects the modulated
infrared signal. The electrical output of
the phototransistor is processed by a
waveform-conditioning amplifier, then
by a frequency-to-voltage converter,
then by an adjustable-gain, adjustable-
offset amplifier. The final output voltage
of the receiver varies with the thermo-
couple reading at a rate of 26 mV/°C;
at this rate, the increment of voltage

Thermocouple Output to
/\ Data-Acquisition System
Amplifiers and Other :
Conditioners Adjustable Offset
Sgnal ‘ Amplifier
Y
Frequency-to-Voltage
v Converter
Voltage-to-Frequency A
WaveloiinCanditiond
Amplifier
=
Light-Emitting Diode Phototransistor
TRANSMITTER RECEIVER

The Frequency of Repetition of Infrared Pulses is varied according to a measured physical
parameter; in this case, temperature as sensed by the thermocouple. The receiver converts the
pulse-repetition frequency back to a voltage, which is thus indicative of the sensed temperature.

that corresponds to the temperature
resolution of the transmitter (2.6 mV
per 0.1 °C) matches the voltage reso-
lution of most commercial data-acqui-
sition systems.

The transmitter and receiver are small
and light in weight, and they consume
little power. Modified versions with suit-
able coding of signals could be used
to transmit multiple measurements.
Potential applications include logging
data while drilling for oil, transmitting
measurements from rotors in machines

without using slip rings, remote monitor-
ing of temperatures and pressures in
hazardous locations, and remote contin-
uous monitoring of temperatures and
blood pressures in medical patients,
who could thus remain mobile.

This work was done by Timothy E.
Roth of Allied Signal Technical Services
Corp. for Johnson Space Center. For
further information, write in 87 on the
TSP Request Card. MSC-22567

2 Neural Networks Analyze Data

in Particle-Impact-Noise Tests
Interpretation of test data is more objective and accurate.
Lewis Research Center, Cleveland, Ohio

Electronic neural networks and com-
puters have been put to use in analyzing
data acquired in particle-impact-noise-
detection (PIND) tests of packaged elec-
tronic components. PIND tests are per-
formed to detect loose particles in the

34

packages that could cause failures dur-
ing subsequent operation of the pack-
ages in the presence of accelerations
or other effects — for example, loose
electrically conductive particles that
could bounce into positions in which

they would cause short circuits.

A PIND test is an instrumented and
systematic version of the intuitive
“shake-and-rattle” test. In a PIND test,
the part in question is vibrated in a
controlled manner by use of a shaker,

NASA Tech Briefs, October 1995
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while a microphone picks up the noise
emitted by the shaken part. The output
of the microphone is recorded, yield-
ing a history of noise that is subse-
quently analyzed.

Previously, data from PIND tests were
analyzed in a labor-intensive and error-
prone process of subjective human
interpretation. The average accuracy of
such interpretation has been found to
be about 44 percent. Accordingly, the
neural-network computerized method
was introduced to automate the analysis
and to increase its accuracy by reducing
human subjectivity and error.

In this method, the recorded noise sig-
nal is first processed by a computer-
controlled analog-to-digital converter.
The digitized noise-signal data (see fig-
ure) are then processed into voltage data
bins, the contents of which serve as 00 01 02 4 i0:85e D& OB TO8 ) ST 08 . 08t .10
inputs to a neural network. The neural Time, Seconds
network then analyzes the data, decid-
ing whether or not the tested package
contained loose particles. This Plot Shows a Digitized Noise Signal from a one-second interval of a PIND test of an

Neural networks of both the back-  electronic part that contained loose particles.
propagation and the self-organizing-map
types have been successfully trained improvement in the quality and relia-  Scaglione of Lewis Research Center.
and tested on PIND data. Preliminary  bility and decrease in the cost of For further information, write in 65 on
results suggest that the use of neural  PIND testing. the TSP Request Card. LEW-16077
networks will result in significant This work was done by Lois J.
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Electronic Components
and Circuits

CCD/CID Processors Would Offer

Greater Precision

Each cell would contain 1 bit of the binary representation of a matrix element.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Charge-coupled-device/charge-injec-
tion-device (CCD/CID) data processors
of a proposed type would offer the ad-
vantages of massively parallel computa-
tional architecture and high computa-
tional speed typical of older CCD/CID
data processors, but with increased
precision. Typically, the precision of an
older CCD/CID processor is limited to
about 8 bits. The proposed devices
could be made precise to an arbitrarily
large number of bits. CCD/CID proces-
sors are especially useful in performing
matrixevector multiplications in a variety
of applications, including solving partial
differential equations, processing signal
and image data, control computations,
and neural-network simulations. The
greater precision of the proposed
devices could help to ensure accuracy in
CCD/CID implementations of pseu-
dospectral neural networks — a partic-

ular class of artificial neural networks
that are especially well suited to solving
nonlinear differential equations.

Figure 1 is a simplified schematic dia-
gram of a typical older CCD/CID array.
Each cell in the array is connected to an
input column line and an output row line
via a column gate and a row gate,
respectively. These gates acting togeth-
er hold, in a silicon substrate under-
neath them, a charge that represents an
analog matrix element. In a default
mode of operation, the matrix charges
sit under the column gates.

In the basic matrixevector multiplica-
tion mode of operation, with a binary
input vector, the column gates serve as
binaryeanalog multipliers by transfer-
ring the matrix charges toward the row
gates only where the input bits of the
columns indicate binary “ones.” The
charge transferred under the row gates

is summed capacitively on the output
line of each row, yielding an analog out-
put vector that is the product of the
binary input vector with the analog
charge matrix. By virtue of the principle
of operation of the CCD, the charges are
sensed nondestructively, and the charge
matrix is restored to its original state
simply by pushing the charges back
under the column gates.

A bit-serial digitaleanalog matrixevec-
tor multiplication can be obtained from
a sequence of binaryeanalog matrixevec-
tor multiplications, by feeding in vector
input bits sequentially, and adding
the corresponding output contributions
after scaling them with the appropri-
ate powers of 2. A simple parallel
array of divide-by-2 circuits at the out-
put accomplishes this task. Further
extensions of the basic matrixevector
multiplication scheme support full digi-
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Figure 1. A CCD/CID Data Processor contains CCD cells tied
together by row and column electrodes. Matrix elements are repre-
sented by packets of electric charge. Computation involves transfers

of charges from column gates to row gates.
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Input Vector in Binary Representation

v

Figure 2. This Improved CCD/CID Layout would enable matrixevec-

tor computations with precision of b bits.
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tal outputs by parallel analog-to-digital
conversion at the outputs, and four-
guadrant operation by use of differen-
tial-circuit techniques.

The key innovation in the proposed
CD/CID processors is to encode 1 bit of
the binary representation of each matrix
element in one cell. Thus, as shown in
Figure 2, if a matrix A were to be speci-
fied with b bits of precision, an element
A; would be located in cells

[bi-1)+¢,j], ford =1, ..b;

these bits would be denoted

ASAT

Thus, the price of increased precision
would be increased size (each matrix ele-
ment being spread over b rows). One added
benefit would be a reduction in refresh time,
inasmuch as each packet of charge would
represent only a binary quantity.

Computation would proceed as fol-
lows: At clock cycle one, the matrix A, in
its binary representation, would be multi-
plied by the binary vector

(WS,..uy)
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which would contain the least significant
bits of vector (uy, . . . uy). By virtue of the
charge-transfer mechanism, analog voltage

@9, . , O)b-1

would be sensed at the output end of
each row. At clock cycle two, these volt-
ages would be fed into a pipelined analog-
to-digital converter having d bits of preci-
sion (where d = log; N, and N denotes the
number of columns of A), while simultane-
ously A would be multiplied by

1 1
(U1, »ise UN)

[which would contain the next more sig-
nificant bits of (U, . . . uy)), yielding “v.

At clock cycle three, the digital repre-
sentations of

)70, . . O)b=1

would be bit-mapped into a register with
an appropriate offset (in general, & bits of
offset at clock cycle k for element

\7}), each offset pointer would be incre-

mented by one, the voltages v would
be fed into the analog-to-digital convert-
er, and A would be multiplied by vector

(u12,. i u,%)
to obtain ®v. Elements

k!
¥y

with same row index / would then be fed
into cascaded sum circuits, in parallel for
all /i, pipelined over k. Thus, the compo-
nents v; of the product v = Au would be
obtained after log, b cycles, and the
overall latency would be b + log; b + 3. If
one needed to multiply a set of vectors u
by the same matrix A, this pipelined
architecture would result in an output
vector every clock cycle.

This work was done by Jacob Barhen,
Nikzad Toomarian, and Amir Fijany of
Caltech for NASA's Jet Propulsion
Laboratory. For further information,
write in 130 on the TSP Request Card.

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:

William T. Callaghan, Manager

Technology Commercialization

JPL-301-350

4800 Oak Grove Drive

Pasadena, CA 91109
Refer to NPO-18972 volume and number
of this NASA Tech Briefs issue, and the
page number.
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Double-loop patch and slot elements are used
in two different frequency-multiplexing designs.

NASA'’s Jet Propulsion Laboratory, Pasadena, California
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Figure 1. This Array of Double-Round-
Loop Conductive Patches is highly reflec-
tive at frequencies around 33 GHz (in the K,
band).

Two different frequency-selective re-
flectors have been studied for use in
multiplexing signals at selected frequen-
cies in the S, X, K,, and K, frequency
bands in a microwave communication

system. One reflector is designed to be
highly transmissive at frequencies of 2.3
GHz (in the S band) and 13.8 GHz (in the
K, band); at the same time, it is highly
reflective at frequencies of 7.2 and 8.4
GHz (in the X band) and 32 and 34.5
GHz (in the K, band). The other reflector
is designed to be highly transmissive in
the K, band and highly reflective in the
S, X, and K, bands.

These frequency-selective reflectors
are closely related to the ones described
in several previous articles in NASA Tech
Briefs, including “Frequency-Selective
Microwave Reflectors” (NPO-18701),
Vol. 18, No. 1, (January, 1994), page 32;
“Improved Dichroic Microwave Reflector”
(NPO-18664), Vol.19, No.8, (August,
1995), page 34; “Double-Square-Loop
Dichroic Microwave Reflector” (NPO-
18676), Vol. 18, No. 3, (March, 1994),
page 38; “Triband Circular-Loop Dichroic
Microwave Reflector” (NPO-18714), Vol.
18, No. 8, (March, 1994), page 41;
“Making Curved Frequency-Selective
Microwave Reflectors” (NPO-18755),
Vol.19, No.8, (August, 1995), page 38;
and “More Circular-Loop Dichroic
Microwave Reflectors” (NPO-18940),
Vol.19, No.1, (January, 1995), page 42.

The first-mentioned reflector is de-
signed according to a double screen
approach. The double screens were
bonded to the front and back surfaces
of a foam- or honeycomb-core dielectric

NS o "

Figure 2. This Array of Double-Square Loop Slots in a Conductive Plane is highly trans-
missive in the S and K, bands and highly reflective in the X band.
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Unlike your VCR, with this RECORDER, you won’t need
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MEMBRANE SWITCH
BACKLIGHTING

Fiber Optic Backlighting of Membrane
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PR I TN T5T T i e R T
OptiBeam® Miniature
Light Sources

including: LED, Vacuum, Gas-filled
and Halogen

LCD BACKLIGHTING

LCD DISPLAY

PRINTED
CIRCUIT BOARD

Superior Alternative to EL for
Backlighting LCD’s
Features & Benefits:

» Rugged & Durable in Wide
Temperature & Humidity Ranges
No “Half Life” Problem
EMI & Heat Free
Uniform Brightness
Thin (.013" minimum) & Flexible
Low Power Requirement
Unlimited Variety of Colors
Low Tooling, Unit, Assembly &
Maintenance Cost
» No Inverter Required

®
Poly-0Optical’ Products, Inc.
Innovators in plastic optical fiber since 1965 ~

17475 Gillette Avenue Irvine, CA 92714-5612
Phone 714/250.8557 FAX 714/250.1840

E-mail:popi@ix.netcom.com
Internet:http:/www.poly-optical.com

Suppliers of plastic optical fiber devices for light,
image and data transmission

| SEE THOMAS REGISTER & EEM CATALOGS I

For More Information Write In No. 407

panel. In this case, the front surface con-
sists of a K,-band-reflective array of dou-
ble-round-loop electrically conductive
patches (see Figure 1) on a dielectric
sheet of polyimide. The other surface is
transmissive in the S and K, bands and
reflective in the X band.

The second-mentioned reflector is
designed according to a single screen
approach, in which only one surface of a
dielectric panel supports a single array of
antenna elements that provides the
required frequency-selective character-
istics. In this case, the array consists of
double-square-loop slot elements etched

into a metal fim on a polyimide sheet
(see Figure 2).

The two designs have been tested by
computer simulation and in experiments.
The measured and computed perfor-
mances were found to be in fairly good
agreement. The S-band loss was found
to be significantly smaller in the second-
mentioned design.

This work was done by Te-Kao Wu of
Caltech for NASA’'s Jet Propulsion
Laboratory. For further information,
write in 165 on the TSP Request Card.
NPO-19016

Thin-Film Power Transformers
Layers of ferromagnetic, conductive, and insulating

materials would be used.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Miniature power transformers would
be made by thin-film microfabrication
techniques, according to a proposal.
The microstructures of these transform-
ers would be built in multiple thin layers,
which would typically consist, variously,
of ferromagnetic, electrically conductive
nonferromagnetic, and electrically insu-
lating materials (see figure).

The proposed transformers could
have geometric features finer than those
of transformers made in the customary
way by machining and mechanical
pressing. In addition, some thin-film
materials exhibit magnetic-flux-carrying
capabilities superior to those of the cus-
tomary bulk transformer materials.
Taking advantage of the flexibility of

design afforded by thin-film microfabri-
cation techniques, one could choose
the materials, shapes, thicknesses, and
lateral dimensions of the thin layers to
shape magnetic-flux paths, suppress
eddy currents, obtain specified reluc-
tances, and otherwise generally opti-
mize designs and performance charac-
teristics. Thin-film transformers might
be suitable for low-cost, high-yield
mass production.

This work was done by Romney R.
Katti of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 94 on the TSP
Request Card. NPO-19092

Flux-Linking Conductors

<> = Insulation Layers (e.g., SIO; or SigN,)
= Ferromagnetic Layers (e.g., NiFe)

A Transformer Core would be made of thin layers of an insulating material interspersed with
thin layers of a ferromagnetic material. Flux-linking conductors made of thinner nonferromag-
netic-conductor/insulator multilayers could be wrapped around the core.

NASA Tech Briefs, October 1995



Miniature X-Ray Tubes

Micromachined field emitters would be used

instead of thermionic emitters.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Miniature x-ray tubes have been pro-
posed for use in portable instruments
used to analyze minerals. Instead of the
thermionic emitters (hot filaments or
cathodes heated by hot filaments) of
conventional x-ray tubes, microma-
chined field emitters (see figure) would
serve as the sources of electrons in the
proposed x-ray tubes. Filaments are

Target at
+15kV

X Rays /
S Y I NPT
Getter
Window Electrons
+100 V

218

Micromachined Vacuum Enclosure

Field Emitter

Electrons From a Field Emitter (instead of
a thermionic emitter) would be accelerated
to a target to generate x-rays.

subject to breakage, their lifetimes are
limited, and they are sensitive to opera-
tion in vacuum and near-vacuum envi-
ronments. Fabricated from silicon
wafers, the micromachined field emitters
(MFEs) would not be subject to break-
age or restrictions on lifetimes, and can
tolerate vacuums that filaments cannot.
MFEs use low voltage (£ +100V) to
obtain field emission across a micron-
size gap. Thus, they are small and use
little power.

The miniature x-ray tubes would be
very robust, immune to shock and vibra-
tion, and could be permanently sealed
with a getter for continued pumping.
They could be combined with solid-state
x-ray detectors for analysis of x-ray fluo-
rescence. For protective redundancy, a
single tube could contain an array of
field emitters. Because of the smallness
of the field emitters ( = 1um), the
x-ray tubes could be made quite small.
Very little power would be needed to
cause emission of electrons, and the
tubes could be operated in a flash
mode, so that the overall power
demand of such a tube would be so low
that it could be satisfied by a trickle-
charged battery.

This work was done by Gregory H.
Bearman of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 11 on the TSP
Request Card. NPO-19364

Sinterless Formation of

Contacts on Indium Phosphide
Heat is unnecessary to achieve low

contact resistance.

Lewis Research Center, Cleveland, Ohio

An improved technique makes it pos-
sible to form low-resistivity (=10™° Q-cm?)
electrical contacts on indium phosphide
semiconductor devices without damag-
ing the devices. Previously, metal con-
tacts were deposited on n-doped InP
and sintered to reduce the contact resis-
tivity. The sintering process caused inter-
mixing of the metal and semiconductor,
destroying all but the deepest junctions
under the contacts. In the improved

NASA Tech Briefs, October 1995

technique, a layer of AgP, 40 A thick is
deposited on the InP before depositing a
metal contact. The AgP, interlayer
sharply reduces the contact resistance,
without need for sintering.

This work was done by Victor G.
Weizer and Navid S. Fatemi of Sverdrup
Technology Corp. for Lewis Research
Center. For further information, write in 4
on the TSP Request Card. LEW-15814

Precision Analog
Measurement

High performance data acquisition is
now available on PC/104 boards. In-
troducing 12- and 16-bit 100 kHz PC/
104 boards from Analogic, with 8 DI or
16 SE channel inputs, software-selec-
table input ranges, low power require-
ments, and the precision you expect
from Analogic. These boards will re-
duce your development costs and mini-
mize technical risks so your products
get to market faster.

For more information on these
advanced boards, or how we can meet
your custom PC/104 requirements, call

1-800-446-8936, Ext. 2394 FAX: 617-245-1274

PC/104 and the PC/104 logo are trademarks
of the PC/104 Consortium

Analogic Corporation
360 Audubon Road, Wakefield, MA 01880

DATA CONVERSION PRODUCTS

ANALOGIC =

The World Resource
for Precision Signal Technology

For More Information Write In No. 497



Multilayer Active Control for Structural Damping
and Optical-Path Regulation

Two control concepts are combined.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Two active-control concepts have
been incorporated into a system for
suppression of vibrations in a truss
structure and regulation of the length of
an optical path on the structure to the
nanometer level. In the original intended
application, the structure would be a
lightweight truss structure supporting a
stellar interferometer in zero gravitation.
However, the control concepts should
also be applicable wherever there is a
need to maintain high precision and
make a lightweight structure behave as
though it had the stiffness of a much
heavier structure.

One of the active-control concepts
involves direct control of the length of
the optical path, one end of which lies
within a retroreflective optical assembly.
In an experimental version, the optical
assembly is mounted on a trolley,
attached via flexures and a low-frequen-
cy large-amplitude voice coil actuator to
the free upper end of a tower-like can-
tilevered flexible structure. A lightweight
mirror within the assembly is mounted
on a high-frequency, small-amplitude
piezoelectric actuator. The two actua-
tors respond to measurements from
optical-path-length sensors: the outputs
of the sensors are processed into actu-
ator commands by a feedback control
subsystem (see Figure 1). This concept
has been described in more detail in a
number of previous articles, including
“Stabilizing Optical-Path Length on a
Vibrating  Structure” (NPO-19040),
NASA Tech Briefs, Vol. 19, No. 8
(August, 1995), page 48; “Controllable
Optical Delay Line for Stellar
Interferometry” (NPO-18686), Laser
Tech Briefs, Vol. 1, No. 1 (September,
1993), page 44; and “Test Bed for
Control of Optical-Path Lengths” (NPO-
18487), Laser Tech Briefs, Vol. 2, No. 1
(Winter, 1994), page 61.

The other active-control concept,
called “dial-a-strut”, has also been dis-
cussed in previous articles, though not
under its present name. In dial-a-strut
control, one uses active structural mem-
bers (struts that contain both sensors
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Figure 1. The Optical-Path-Length-Control Subsystem contains two feedback control
loops to obtain active damping in a wide amplitude-and-frequency range.

and actuators) in conjunction with active
feedback control subsystems to achieve
a form of active damping in which each
active member acts like a passive
damper in a frequency range of interest.
Ideally, one would optimize damping by
making the effective mechanical imped-
ance of an actively controlled member
equal to the complex conjugate of the
mechanical impedance of the rest of the
structure. In practice, this is not feasible,
and instead one adjusts dials on the
front panel of the control electronics
(hence the name, “dial-a-strut”) to adjust
the effective stiffness and damping para-
meters of the controlled strut to match

the magnitude of the impedance of the
strut to a smoothed (in terms of frequen-
cy dependence) approximation of the
magnitude of impedance of the rest of
the structure (see Figure 2). The results
of the experiments indicate that the
combination of optical-path-length con-
trol and dial-a-strut control is effective
for stellar interferometer applications.

This work was done by Zahidul H.
Rahman, John T. Spanos, and James L.
Fanson of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 57 on the TSP
Request Card. NPO-19041
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Figure 2. The Impedance-vs.-Frequency response of an experimental actively controlled
structural member was adjusted to a smooth approximation of the impedance of the rest of

the structure.
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Systolic Processor Array

for Recognition of Spectra

Spectral signatures of materials would be detected and identified quickly.
NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed systolic array of digital
data processors would quickly detect
and identify spectral signatures of
materials of interest that appear in
images produced by advanced imaging
spectrometers of high spectral resolu-
tion. Called the Spectral Analysis
Systolic Processor Array (SPA?), this
array would be relatively inexpensive
and would satisfy the need to analyze
the large, complex volume of multispec-
tral data generated by imaging spec-
trometers to extract the desired infor-
mation: the computational performance
needed to do this in real time exceeds
that of current supercomputers.

The SPA? would be able to locate high-
ly similar segments or contiguous sub-
segments in two different spectra at a
time. Exploiting this capability, the SPA
could compare sampled spectra from
instruments with a data base of spectral
signatures of known materials. The SPA®

NASA Tech Briefs, October 1995

would compute and report scores that
would express the degrees of similarity
between the sampled and data-base
spectra. Higher scores would be

deemed to indicate that the material(s) of

The Biological Information Signal Processor
would be the building block of the SPA?,

interest had been detected at the sam-
pling locations in the spectral images.

The building block of the SPA? would
be a 400,000-transistor complementary
metal oxide/semiconductor very-large-
scale integrated circuit chip called the
“Biological Information Signal Processor”
(BISP). This chip (see figure) contains 16
processing elements that operate at a
clock frequency of 12.5 MHz. It can
compare spectral images as long as
4,194,304 elements. The SPA? com-
posed of BISPs could operate orders of
magnitude faster than does a CRAY-2
computer, yet it would fit in a package
smaller than 20 cm®.

This work was done by Edward T.
Chow and John C. Peterson of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 22 on the TSP Request Card.
NPO-18808
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Computer-Aided Air-Traffic Control

in the Terminal Area

Ames Research Center, Moffett Field, California

A developmental computer-aided
system for the automated management
and control of arrival traffic at a large
airport would include three integrated
subsystems. One subsystem, called
the Traffic Management Advisor, estab-
lishes optimized landing sequences
and landing times for aircraft arriving in
designated airspace several hundred

miles from the airport. Another subsys-
tem, called the Descent Advisor, gener-
ates advisory data for fuel-efficient and
conflict-free de-scents of aircraft
assigned to available terminal gates. The
third subsystem, called the Final
Approach Spacing Tool, provides head-
ing and speed clearances that produce
an accurately spaced flow of aircraft on

their final approaches. A data base that
includes current wind measurements
and mathematical models of perfor-
mances of types of aircraft contributes to
effective operation of the system.

This work was done by Heinz
Erzberger of Ames Research Center.
For further information, write in 58 on
the TSP Request Card. ARC-13332

Process-Information Display Panel

for Welder’s Visor

Information would be presented adjacent to the welder’s

usual field of view.

Marshall Space Flight Center, Alabama

A head-up display (HUD) unit would
be mounted in a welder’s visor or hel-
met (see Figure 1) to provide process
information in real time, according to a
proposal. Until now, success in manual
welding has depended on the welder’s
training and intuition in judging the
progress of a weld by interpreting
sights and sounds. The proposed dis-
play would enable the welder to gain
greater awareness of the effects of
welding while controlling the welding
process in the usual way(s) by use of a
foot pedal, voice command, and/or
manipulation of the welding torch. Data

.

Figure 1. A Compact Head-Mounted
Display Unit like this commercial one devel-
oped for a different purpose would be
mounted in a welder’s visor or helmet.

obtained during the welding process
could be used to compare welding per-
formance with a guideline or model per-
formance established through laborato-
ry tests or through a data base com-
piled from experience, making it possi-
ble to avoid the need for every new
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welder on the job to solve the same
problems that were previously solved
by other welders.

One candidate design concept calls
for a fully packaged HUD that would
present computer-generated graphics
adjacent to the normal viewing window
of the welder's visor or helmet (see
Figure 2). The virtual-reality industry has
created a new generation of such
devices, with color and with resolutions
of as much as 640 x 480 pixels and
with higher-resolution units expected to
come to market. Some modifications
may be necessary to mount the display
unit in the visor or helmet.

The HUD could be used, for exam-
ple, to inform the welder of binary para-
meters like the states of solenoid-actu-
ated switches and valves. Such contin-
uously varying parameters as the rate
of travel of the torch along the work-
piece could be depicted by use of
arrows, the lengths of which would be
proportional to the deviations of the
parameters from desired values or
ranges of values. Colors could also play
a key role; for example, the color of an
arrow could be made to change from
yellow to red as the error increased to
an intolerable level. Such symbolic rep-
resentation of the data would favor
quick, intuitive interpretation.

In many cases, manual arc welding
(as contrasted with automated arc
welding) still offers the best balance of
setup time, production volume, capital
investment, and quality. Display devices
of the proposed type could be espe-
cially beneficial in supporting and

enhancing the continued practice of
manual arc welding in such cases; even
NASA and its contractors continue to
use manual arc welding for fabrication
and repair of much flight hardware and
ground support equipment. The pro-
posed display devices could also be of

Figure 2. A Graphical Display would be
presented to the welder, adjacent to the nor-
mal field of view through the visor.

value in industries that invest millions of
technician-hours each year in manual
arc welding for a variety of products.

This work was done by Carolyn
Russell of Marshall Space Flight
Center and Ken Gangl of Advanced
Welding Concepts, Inc. No further doc-
umentation is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center; (205)
544-0021. Refer to MFS-26322.
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MATLAB graphics enbance understanding of neural network bebavior. This plot compares training rates
for standard backpropagation (white, 108 steps) and the fast Levenberg-Marquardt algorithm (blue, 5
steps). Each trace illustrates the mumber of steps from initial conditions to the minimum error.

Take command with
neural networks,
whether or not
you've completed
basic training,

oth newcomers and

experts have found the

MATLAB® Neural
Network Toolbox to be ideal for
exploring and applying neural
networks to fields as diverse as
signal processing, nonlinear con-
trol, and financial modeling.

Version 2.0 offers five new

network paradigms, major speed
improvements, and expanded

support for experimentation.

Beyond backpropagation
The MATLAB Neural Network
Toolbox offers a comprehensive
set of over fifteen proven net-
work architectures and learning
rules. You can take advantange
of backpropagation, radial
basis, recurrent, associative,
and self-organizing network
architectures, and choose either
supervised or unsupervised

training.

The first neural network
engineering environment
The Neural Network Toolbox is
a complete engineering environ-
ment for neural network
research, design, and simula-
tion. Unlike other neural net-
work packages, you never work
in isolation from real world con-
siderations.

Flexible data import and
transformation functions
simplify preprocessing of input
data. Powerful analysis and
advanced graphics help you
evaluate network behavior and
performance in the context of
complete system designs.

With no limits on network
size or connectivity, you can
implement networks as complex
as your application demands.

You can easily change any
architecture, learning rule, or
transfer function — or add new
ones — without writing a single

line of C or Fortran.

Neural Network Controller Simulation
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makes learning a breeze, with
tutorials and examples for each

type of network.

MATILAB

Picture the Power

Neural Network Toolbox

* Network architectures include

- backpropagation

- fast backprop (Levenberg-
Marquardt training)

- perceptron

- adaptive linear

- radial basis functions

- recurrent (Elman, Hopfield)

- associative

- self-organizing

- learning vector quantization

* Supervised and unsupervised
learning rules

* Competitive, limit, linear,
sigmoid, and user-defined
transfer functions

* Performance analyses & graphs

* Unlimited layers, elements, &
interconnections

* Fully open and customizable

* Runs on PCs, Macintosh, and
workstations

The Ultimate Technical
Computing Environment™
MATLAB is an extensible, inter-
active Technical Computing
Environment that seamlessly
integrates computation, visual-
ization, and modeling — the
ideal way to discover the power

of neural networks.

For a free neural network
technical information kit,

call 508-653-1415

Ask about our new
Fuzzy Logic Toolbox

The

MATH
&

24 Prime Park Way, Natick, MA 01760-1500
Phone: 508/653-1415 Fax: 508/653-6284
E-mail: info@mathworks.com
Web: http://www.mathworks.com

MATLARB is a registered trademark of The MathWorks, Inc

The MathWorks is represented in the following countries:  Austrofio: +61-2-922-6311 @ Brazit: +55-11-816-3144  Fronce: +33-145:342391 © Germany: +49-241-26041 © India: +91-80-2-260-260  Isroel: +972-3:561-5151 @ lialy: +39-11-24-85332 o Jopan: +81-3:5978-5410 » Kovea: +82-2517-1257
Portugol: +34-34154904 » Scondinovio: +46-815-30-22 @ Spain: +34-3415-45-04 © Switzerdond: +41-31-998-44-11 # Toiwon: +886-2-501-8767 @ For Belgium, Luxembourg, The Netherdands, United Kingdom ond Republic of kelond call Combridge Control, d: +44-1223423-200 o Ropid Data, nd: +44-1903-821-266

302v0

For More Information Write In No. 604



Five-Channel Polychromator Head

This device is part of a Raman-scattering temperature-measuring system.

Marshall Space Flight Center, Alabama

Figure 1 illustrates the five-channel
polychromator head of a laser Raman
polychromator that is being developed
for use in measuring the rotational tem-
peratures of H, molecules in subscale
combustors. Each channel consists of a
1-mm fiber-optic cable that is individual-
ly translatable along the dispersion axis
of a spectrometer to provide both flexi-
bility and fine-tuning capability.

The basic idea is to measure the tem-
perature in terms of the temperature de-
pendence of Raman scattering of a laser
beam from hydrogen molecules in the Q
branch of the vibrational ground state. The
Raman-scattered light can be resolved into
a small number of spectral lines, the rela-
tive intensities of which indicate the popula-
tion distribution of the hydrogen molecules
in various rotational states. These spectral
lines are denoted by their rotational quan-
tum numbers, J, and the ratio between the
intensities of any two of these spectral
lines is related in a known way to the tem-
perature at the point of measurement.

Figure 1. The Five-Channel Polychromator Head samples the Raman-scattering spectrum
simultaneously at five wavelengths.
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Figure 2. The Laser Raman Thermometer is not a thermometer in the usual sense of the word, but a noncontact spectrometer that measures
temperature indirectly in terms of the relative intensities of selected Raman-scattering spectral lines.
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Temperature & Voltage Measurement

The 19" rack-mountable MultiScan/1200™
temperature and voltage measurement
instrument offers both channel-to-channel
isolation and high accuracy. It can scan
thermocouples and volts at up to 147 chan-
nels/s and digitize waveforms at up to 20
kHz. It can accept 24 differential voltage
and temperature inputs, and can be easily
expanded up to 744 channels. $2490.
I0Otech, Inc. (21
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Visual Basic™ Software Tools

VisuaLab 4.0™ software provides Visual
Basic™ users with over 100 point-and-
click tools for adding graphical user inter-
faces (GUIs), charts, and statistics and
anal functions to their data acquisition
and IEEE 488 control applications. $395.
IOtech, Inc. (216) 439-4091.
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accepts RS-232C data at 9600 bps. $295.
I0tech, Inc. (216) 439-4091.
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The five-channel polychromator is used
in conjunction with five photomultipliers
(one photomultiplier for each channel) for
simultaneous measurement of the J = 0
through J = 4 transitions of thev=0—> v
= 1 Q branch. The photomultipliers offer
high sensitivity and dynamic range, and
the multiple channels eliminate the need
for time-consuming scanning.

Figure 2 illustrates the laboratory
configuration of the Raman thermome-
ter in which the five-channel polychro-
mator head is installed. The head is

mounted on the exit plane of a double
monochromator (spectrometer) with
plane holographic gratings of 2,400
grooves/mm. The reciprocal linear dis-
persion at the middle of the spectrum
(wavelength of 538 nm) is 0.14
nm/mm. The output signal of each indi-
vidual fiber-optic cable is sent to a sep-
arate photomultiplier, the output of
which is sent to a signal-conditioning
amplifier. The outputs of the amplifiers
are gated and boxcar-averaged. A
computer digitizes, stores, and ana-

lyzes the boxcar-averaged data via
real-time algorithms.

This work was done by Richard
Eskridge, Chris Dobson, Mike Lee, and
Tony Robertson of Marshall Space
Flight Center. For further information,
write in 46 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center; (205) 544-
0021. Refer to MFS-28846.

Improved Bakeout Chambers Within

Vacuum Chambers

Heated enclaves reduce contamination further.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The figure illustrates schematically
one of several vacuum-bakeout
chambers that have been redesigned
to reduce contamination. When oper-
ated according to a revised bakeout
procedure, they yield measurements
of contamination on vacuum-bake
test articles more accurate than were
available previously, and the potential
for post-bake recontamination of the

vacuum-baked articles is reduced.
These chambers are improved ver-
sions of the one described in “Bakeout
Chamber Within Vacuum Chamber”
(NPO-18959), NASA Tech Briefs, Vol.
19, No. 5 (May, 1995), page 52. As
before, each of the present vacuum-
bakeout chambers includes an inner
heated chamber surrounded by an
insulating blanket that is, in turn, sur-
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rounded by a cold shroud, all mounted
within a conventional vacuum chamber.
The heated inner chamber, previously
called a “bakeout chamber,” is now
called an “enclave.” The cold shroud is
cooled by flowing liquid nitrogen: the
cold shroud is used to reduce back-
ground pressure in the vacuum cham-
ber and thereby reduce the deposition
of background contamination on con-
tamination detectors located near the
bakeout chamber.

The improvements in design and
bakeout procedure were made to satis-
fy the following three criteria: (1) A test
article must not become contaminated
by outgassed volatile materials at any
time during bakeout, contamination-
level testing, or post-test warmup of the
cold shroud; (2) The background rate
of outgassing by the chamber hard-
ware must be negligibly small in com-
parison with that of the test article; and
(8) the method used to measure con-
tamination must positively verify that
the required degree of cleanliness has
been achieved.

The enclave consists mostly of a can
and cover made of stainless steel and
electropolished to remove contamina-
tion embedded in their surfaces. Con-
tamination detectors of several different
types (residual-gas analyzer, thermo-
electric quartz-crystal microbalance,
and cryogenic quartz-crystal microbal-
ance) are mounted facing orifices in the
cover, so that their directional sensitivi-
ty patterns cause them to measure pre-
dominantly the outgassed contami-
nants that stream from the enclave
through the orifices. The measurement
of contamination involves a multistep
procedure in which the various detec-
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tors are operated at various tempera-
tures and pressures.

By enclosing the test article in the
enclave and keeping the walls of the
enclave hotter than the test article during
bakeout, one prevents condensation of
contaminants on the inner walls of the
enclave. In preparation for measurement
of contamination of the test article, the
background rate of outgassing by the
chamber hardware is minimized by bak-
ing the enclave at a temperature greater
than the maximum expected operating
temperature of the test article. During
bakeout, contaminants leave the enclave
through the orifices and are removed from
the vacuum chamber — some by the vac-
uum-chamber pump, others by condens-
ing onto the cold shroud.

After bakeout is complete and before
a post-bakeout test of cleanliness of the
test article, the enclave is cooled slowly
enough to prevent the condensation of
volatile contaminants that are still being
emitted from the test article (contami-
nants are still being emitted because the
temperature of the test article lags
behind the temperature of the enclave;
that is, the test article is still hot at this
phase of operation). After the post-
bakeout test, the shroud is warmed
slowly enough to limit the flux of desorp-
tion from the shroud to an acceptably
low level, while the enclave is purged
with high-purity gaseous nitrogen to
minimize backstreaming of contaminants
into the enclave.
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This Improved Bakeout Chamber incorporates hardware features that, in conjunction with
an improved bakeout procedure, reduce spurious contamination and increase the accuracy of

contamination measurements.

This work was done by Kenneth R.
Johnson, Daniel M. Taylor, Robert W.
Lane, Maximo G. Cortez, and Mark R.
Anderson of Caltech for NASA’s Jet

Propulsion Laboratory. For further
information, write in 96 on the TSP
Request Card. NPO-19015

Techniques for Topographical Mapping

via Interferometric SAR

Data-processing techniques combined with advanced navigational
capabilities yield terrain-height maps.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Two techniques for processing data
acquired by an airborne interferometric
synthetic-aperture-radar (SAR) system
yield terrain-height maps. The tech-
niques are predicated on the availability
of an accurate navigational system that
yields data on the motion and orienta-
tion of the airplane that carries the SAR
system and, thus, also effectively gives
the orientation of the baseline between
the two radar antennas of the system.

The figure presents a simplified view
of the broadside-looking interferometric-
SAR geometry. For an SAR system
operating at a wavelength A = ¢/f (where
¢ = the speed of light and f = the radar
carrier frequency), the phase shift, ¢,
between the radar returns received at

56

the two antennas is given by
'g—i = ||'21|COS(0 - 921)

where ry, is the baseline vector between
the two antennas and 6;, is the angle of
this baseline above the nadir direction.
This angle can be computed from the
navigational data. The other quantities
indicated in the figure are given by

oA
6 = 6,4 +arcco
yoaod 4L 21]

h=H-rcos6, and y =rsiné.

Thus, in principle, the three-dimen-
sional coordinates of a target point on
the terrain can be determined from (1)
the position and orientation of the air-
plane as given by the navigational sys-
tem and (2) the slant range r and phase
shift ¢ as measured by the SAR system.

One of the two techniques resolves
the 2N ambiguity (where N is an inte-
ger) in the measured value of ¢,
enabling an absolute determination of
the terrain height h. In an older tech-
nique, this ambiguity was resolved by
use of a reference terrain point of known
elevation. In the present technique, no a
priori elevational information is needed:
Instead, this technigue involves the con-
struction of a differential SAR interfero-
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gram within which the maximum varia-
tion of phase is less than 2x.

First, SAR data are acquired at two
slightly different frequencies 7, and f,
which could be, for example, sidebands
of the carrier frequency f. Then the differ-
ence A¢ between the phase shifts at the
two frequencies is computed. In princi-
ple, A¢ = (f, — f)¢/f; thus, by choosing 7,
and f; sufficiently close, one can restrict
the range of A¢ to less than 2zn. Also

r21

Antenna 1

Antenna 2

Flightpath

N
\ Slant Range =R

/
N
Altitude of

SAR System = H

Target Point
\ on Terrain

=

Terrain
Height

The Three-Dimensional Coordinates of a
target point can be computed if the position
along the flightpath, the angle 8 of the line of
sight, and the slant range are known.

in principle, one can then compute
an unambiguous value of ¢ from
¢ = fA@/(f, - ). In practice, this compu-
tation amplifies the phase noise in the
differential interferogram, and it is
necessary to average the noisy com-
puted phase over an image patch
containing a large number of pixels to
determine N.

The other technique is an algorithm for
efficient computation of the three-dimen-
sional coordinates of a target point. The
algorithm computes the unit vector along
the slant range from ¢, r,, and the veloc-
ity of the airplane (which affects the
Doppler centroid frequency). It computes
the position of the target point, relative
to the airplane, as the product of the
slant range and the unit vector along
the slant range. Then it adds this rela-
tive-position vector to the position
vector of the airplane to obtain the
position vector of the target point.

This work was done by Soren N.
Madsen, Howard A. Zebker, and Jan
M. Martin of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 193 on the TSP
Request Card. NPO-18840

Verifying Dissolution of Wax From

Hardware Surfaces

Wax removed by cleaning solvent is revealed by
cooling the solution with liquid nitrogen.

Marshall Space Flight Center, Alabama

An improved solvent cleaning proce-
dure and associated cleanliness test
have been devised for removing wax
that previously coated a piece of hard-
ware and for verifying that the wax has
been removed. Such a procedure and
test are needed in the case of hardware
that must be protected by wax during
machining or plating but is required to
be free of wax during subsequent use. In
a previous solvent cleaning procedure
and cleanliness test, carbon tetrachlo-
ride (which is highly toxic) was used as
the solvent, and infrared spectroscopy
was used to detect wax in the solvent
flushings. A typical infrared analysis took
as long as 2 1/2 hours.

The improved cleaning procedure
and test take less than 5 minutes.
Unlike the previous infrared-analysis
cleanliness test, the improved test does
not require special skill or equipment
and can be performed at the cleaning
site. In addition, the improved proce-

dure and test enable recovery of all the
cleaning solvent.

In the improved cleaning procedure,
one uses 1,1,1-trichloroethane or per-
chloroethylene as the solvent. In the
improved cleanliness test, liquid nitro-
gen, in a proportion of up to 40 volume
percent, is mixed into the solvent
flushings to cool them. The same pro-
portion of liquid nitrogen is mixed into
an equal amount of solvent known to
be pure. If the solvent flushings con-
tain a significant quantity of wax, a
separate waxy phase collects on top
of the flushing solution and can be
identified by visual comparison with
the clean solution.

This work was done by Benjamina G.
Montoya of Rockwell International Corp.
for Marshall Space Flight Center. For
further information, write in 51 on the
TSP Request Card. MFS-29978
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Simple Magnetic Device Indicates Thickness of Alloy 903
Relative strength of attraction shows whether an alloy overlay is thinner than allowable.
Marshall Space Flight Center, Alabama

The figure illustrates a simple, hand-
held, magnetic device that can be used to
determine whether an overlay of alloy 903
on a body of alloy 718 is thinner than
allowable in a specific application. The
device is called a “ferrite indicator” and
was originally designed to be used in
determining the ferrite content of a spec-
imen of steel. It is placed in contact with
the specimen and functions by indicating
whether a magnet that it contains is
attracted more strongly to the specimen

or to a calibrated reference sample.
An experiment showed that the mag-
netic characteristics of alloy 903 make it
suitable for inspection of overlays of this
material by the ferrite-indicator tech-
nique. In the application that motivated
the experiment, there was a need to
ensure that the overlay of alloy 903 was
at least 0.020 in. (about 0.5 mm) thick.
In the experiment, one of the available

reference samples gave an indication of
0.025 in. (about 0.6 mm). [The extra
0.005 in. (@about 0.1 mm) can be used to
advantage as a margin of safety.]

This work was done by Pin Jeng
Long, Sergio Rodriguez, and Mark L.
Bright of Rockwell International Corp. for
Marshall Space Flight Center. For
further information, write in 100 on the
TSP Request Card. MFS-29980
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The Ferrite Indicator is shown here with
several reference samples.

Slide Rule for
Calculating

Curing Schedules
Marshall Space Fight Center,
Alabama

A special-purpose slide rule has been
devised for calculating schedules for stor-
ing and curing adhesives, sealants, and
other materials that are characterized by
known curing times and shelf lives. The
use of the slide rule can prevent mistakes
that are commonly made in determining
storage and curing schedules. The slide
rule is calibrated in days and hours. In
using the slide rule, one simply selects the
curing time and the starting calendar day
and time; the slide rule indicates the num-
ber of days of curing and the hour when
cure will be completed on the final day. It
is, however, necessary to account sepa-
rately for the number of days when the
cure extends into the following month.

This work was done by Don Heater of
Thiokol Corp. for Marshall Space
Flight Center. For further information,
write in 93 on the TSP Request Card.
MFS-28938
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Trimethoxymethane: A Fuel for

Direct-Oxidation Fuel Cells
Trimethoxymethane can be oxidized to CO, and H,0 at high rates,

without poisoning electrodes.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Trimethoxymethane (TMM) has been
identified as a high-energy fuel for direct-
oxidation fuel cells. TMM can be synthe-
sized from natural gas (methane) and
can be handled easily because it is a
non-toxic, low-vapor-pressure liquid.
Data obtained from both half-cell and
full-cell tests indicate that TMM can be
oxidized at very high rates. Thus, TMM
is considered to be an excellent candi-
date for use in direct-oxidation fuel cells
in vehicles and portable power supplies.

The electrochemical oxidation of
TMM, represented by

(CH30):CH + 5H,0 — 4CO; +
20H" + 20e,
has been studied in experiments in half
cells in which the electrolyte was 0.5 M
sulfuric acid and the electrocatalysts were
Pt/Sn and Pt/Ru electrodes. It was found
that TMM can be oxidized at potentials
considerably more negative than those of
methanol. As shown by the data plotted
in Figure 1, increasing the concentration
of TMM increases the kinetics of its oxi-
dation. The kinetics are also increased by

increasing the temperature: at tempera-
tures as high as 60 °C, the rate of oxida-
tion is twice that at 25 °C.

Experiments on the direct oxidation of
TMM were carried out in a liquid-feed-
type fuel cell developed previously for
direct oxidation of methanol. In this cell,
Nafion 117, a commercial proton-con-
ducting solid-polymer membrane, was
used as the electrolyte. The membrane
electrode assembly included a specially
constructed fuel-oxidation electrode
made of an unsupported Pt/Ru catalyst
layer (4 mg/cm?® and a gas-diffusion-
type unsupported platinum electrode (4
mg/cm?) for the reduction of oxygen. A
fuel solution of 2 M TMM was circulated
past the anode of the cell, while oxygen
at a pressure of 20 psi (=140 kPa) was
applied to the cathode. The CO, pro-
duced by the oxidation of TMM was
easily separated from the fuel solution in
a tall glass column.

Analysis revealed no oxidation prod-
ucts other than methanol, which may be
an intermediate product in the process
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of oxidation of TMM to carbon dioxide
and water. Inasmuch as the particular
fuel cell was designed to handle
methanol in the first place, the presence
of methanol is no cause for concern.
Figure 2 shows current-vs.-voltage
characteristics of the cell in an experi-
ment using TMM and in another experi-
ment using methanol as the fuel.

This work was done by George A.
Olah, Surya G. Prakash, Sekharipuram
R. Narayanan, Eugene Vamos, and
Subbarao Surampudi of Caltech for
NASA’s Jet Propulsion Laboratory.
For further information, write in 63 on
the TSP Request Card.

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

William T. Callaghan, Manager

Technology Commercialization

JPL-301-350

4800 Oak Grove Drive

Pasadena, CA 91109
Refer to NPO-19228, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.
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Figure 1. These Galvanostatic Polarization Curves show the electro-oxidation characteris-
tics of several concentrations of TMM at Pt/Sn electrodes of the gas-diffusion type, at room
temperature, in a solution with 0.5 M H,SO, and 0.01 M perfluorooctanesulfonic acid (Cg

acid) at 25 °C.

60

Figure 2. The Current-vs.-Voltage Char-
acteristics of a liquid-feed direct-oxidation
fuel were measured with TMM and with
methanol as the fuel at 60 °C.
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ADVERTISEMENT

GE PLASTICS

GE Plastics' New Material Selection Database, GE Select™,

Is The Most Comprehensive Ever

GE Plastics has unveiled a new
disk-based material selection database
designed to make the specification of
its engineering thermoplastics easier
than ever before. This comprehensive
database, named GE Select, covers the
diverse family of GE polymers and
provides complete properties and engi-
neering data on over 500 commercially
available resin grades.

The data is presented in an easy-
to-use format designed to help en-
gineers maximize material potential,
optimize material usage, and eliminate
costly over-design. GE Select was
developed by GE Plastics' Advanced
Design Engineering group and
drew heavily on results from
a comprehensive survey of de-
sign engineers from across the
U.S. Many of the engineers
surveyed said they would pre-
fer a disk-based system as
opposed to accessing an engi-
neering database via an on-line
service. GE Select is the answer
to this and many other cus-
tomer needs.

User-Friendly Format

Once a user has determined
some or all of the perfor-
mance criteria required for an
application, he or she accesses
the GE Select program. The
database opens automatically
with material and grade names
displayed in a Grade Table
Window. By using a Material
Selection dialog box, users can
conduct a search of product
grade property profiles to
match specific application
requirements.
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GE Select searches the database and
displays property information and
engineering data for those resin grades
that meet the criteria established by
the user.

Special functions on the menu bar
permit the plotting of engineering data,
such as Tensile Stress vs. Strain, for
product/grade comparisons. GE Select
also allows users to overlay combina-
tions of materials and test parameters—
a key feature for design engineers. En-
gineering data available on GE Select
include: Tensile Creep Data, Tensile
Fatigue Data, Dynamic Mechanical
Analysis Data, and Rheology Data.

With GE Select, users can customize
query windows, browse through mate-
rial data sheets and display engineering
data from the GE Engineering Design
Database (EDD).

Easy Access

The two-disk program is available
in both Microsoft® Windows and
Macintosh® formats. It also can be
downloaded directly from the Internet
by accessing GE Plastics’ www.ge.com
on-line address.

For more information on GE Select,
call 800-845-0600.

For More Information Write In No. 533

File Edit Sort Select Data Search Units Help Window
0.125 in

CYCOLAC AR ABS 350 ag 1.0

CYCOLAC |BDT6500 |ABS 30| 1.0

CYCOLAC |CGA ABS 240 g 1,03

CYCOLAC |DFAR ABS 360 1.04

CYCOLAC |DFN1200 |ABS 350 q 1.04

CYCOLAC |DSK ABS 370 g 1.05
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Dimethoxymethane: A Fuel for

Direct-Oxidation Fuel Cells
This fuel can be electro-oxidized at sustained high rates without poisoning electrodes.
NASA's Jet Propulsion Laboratory, Pasadena, California

Dimethoxymethane (also called methy-
lal), is a nontoxic liquid that has been
identified as one of several high-energy
fuels for direct-oxidation fuel cells. DMM
has been found to undergo facile elec-
tro-oxidation to carbon dioxide and
water, with methanol as a possible inter-
mediate product. The electro-oxidation
is catalyzed at Pt/Sn and Pt/Ru elec-
trodes. The high rates of oxidation sus-
tained by DMM make it possible to
operate liquid-feed cells at significant
power densities at temperatures close
to ambient. The performance of DMM is
superior to that of methanol at the same
temperature. DMM can be synthesized
from natural gas (methane) and is thus a
viable alternative to methanol in direct-
oxidation fuel cells.

The electro-oxidation of DMM involves
a series of dissociative adsorption steps
followed by a surface reaction to form
carbon dioxide and water. The electro-
oxidation reaction is represented by

(CHz0);,CH; + 4 H,O — 3 CO; +
16H + 16 €

Experiments on the electro-oxidation
of DMM were carried out in half cells in
which the electrolyte was 0.5 M sulfuric
acid and the electrocatalysts were gas-
diffusion-type Pt/Sn and Pt/Ru elec-
trodes. It was found that DMM can be
oxidized at potentials considerably more
negative than those of methanol.

Although increasing the tempera-
ture was found to increase the rate of
oxidation significantly, the low boiling
temperature of DMM (41 °C) made it im-
practical to use temperatures greater
than 37 °C in the half-cell experiments.
As shown in Figure 1, increasing the
concentration of DMM increases the
rate of its oxidation.

Experiments on the direct oxidation
of DMM were carried out in a liquid-
feed-type fuel cell developed previous-
ly for direct oxidation of methanol. In
this cell, the electrolyte was a mem-
brane of Nafion 117, which is a com-
mercial proton-conducting solid poly-
mer. The membrane electrode assem-
bly included a specially constructed
fuel-oxidizing electrode made of an
unsupported Pt/Ru catalyst layer (4
mg/cm®) and a gas-diffusion-type
unsupported platinum electrode (4
mg/cm?) for the reduction of oxygen. A
fuel solution of 1 M DMM was circulat-
ed past the fuel-oxidizing (anode) side
of the cell, while oxygen was supplied
to the cathode at a pressure of 20 psi
(=140 kPa). The carbon dioxide pro-
duced by the oxidation of DMM was
easily separated from the fuel solution
in a tall glass column.

Analysis revealed no oxidation prod-
ucts other than methanol, which may be
an intermediate product of the process

o=00.1 M DMM
0=00.5 M DMM
»—a 1 M DMM
*—e2 M DMM

of oxidation of DMM to CO, and H,O.
The presence of methanol is not a
cause for concern because the fuel cell
was designed for use with methanol
and the methanol is ultimately oxidized
to carbon dioxide and water.

Figure 2 shows the current-vs.-volt-
age characteristic of the cell at 37 °C.
The cell potential was 0.20 V at a cur-
rent density of 50 mA/cm?; this perfor-
mance was comparable to that
obtained using methanol as the fuel.
Better performance is expected at high-
er temperature and by use of Pt/Sn cat-
alyst. Alternatively, the low boiling tem-
perature of DMM also makes it a candi-
date for a gas-feed operation.

This work was done by George A.
Olah, Surya G. Prakash, Sekharipuram
R. Narayanan, Eugene Vamos, and
Gerald Halpert of Caltech for NASA’s
Jet Propulsion Laboratory. For further
information, write in 81 on the TSP
Request Card.

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

William T. Callaghan, Manager

Technology Commercialization

JPL-301-350

4800 Oak Grove Drive

Pasadena, CA 91109
Refer to NPO-19229, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

Figure 2. The Current-vs.-Voltage Char-
acteristics of a liquid-feed direct-oxidation
fuel were measured with DMM at 37 °C.

Figure 1. These Galvanostatic Polarization Curves show the electro-oxidation characteristics
of several concentrations of DMM at Pt/Sn electrodes of the gas-diffusion type, at room tem-
perature, in a solution with 0.5 M H,SO,4 and 0.01 M perfluorooctanesulfonic acid (Cs acid).
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Trioxane: A Fuel for Direct-Oxidation Fuel Cells
Trioxane can be used as a substitute for formaldehyde.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Trioxane has been identified as a high-
energy, nontoxic, solid substitute for
formaldehyde as a water-soluble fuel for
use in direct-oxidation fuel cells. Tri-
oxane has been found to undergo facile
electrochemical oxidation to water and
carbon dioxide at platinum and platinum-
alloy electrodes in liquid-feed-type fuel
cells that contain acid electrolytes or solid
proton-exchange membrane electrolytes.
Trioxane exhibits less crossover than do
such conventional fuels as methanol and
formaldehyde. Being a solid at ambient
temperature, trioxane offers significant
advantages in handling and transporta-
tion. Trioxane can be synthesized from
natural gas with relative ease.

The electro-oxidation of trioxane to
carbon dioxide and water is believed to
occur according to the reaction

(CH,0); + 6H,0O — 3CO; +
12H" + 12e

Experiments on the electro-oxidation
characteristics of trioxane were per-
formed in half cells with temperature
control. The electrolyte was sulfuric acid
at various concentrations between 0.5
and 2.0 M. The cells contained gas-dif-
fusion-type electrodes consisting of
platinum/tin at an areal density of 0.5
mg/cm, on a high-surface-area carbon.
The data in Figure 1 indicate that
increasing the concentration of trioxane
results in an increased rate of oxidation.
Current densities as high as 100
mA/cm, were realized at potentials of
0.4 V — comparable to the performance
realized with formaldehyde.

Cyclic voltammetry showed that the
mechanism of oxidation of trioxane
does not involve a breakdown to
formaldehyde before electro-oxidation.
Increasi-ng the concentration of acid
was also found to result in increased
rates of electro-oxidation. Therefore, it
was projected that very high rates of
electro-oxidation would occur when
using a solid electrolyte of Nafion™ (a
commercial perfluorinated, hydrophilic,
proton-exchange polymer), which ex-
hibits an acidity equivalent to that of 10
M sulfuric acid.

Experiments on the direct oxidation of
trioxane were carried out in a liquid-feed-
type fuel cell developed previously for
direct oxidation of methanol. In this cell, a
Nafion proton-conducting solid-polymer
membrane was used as the electrolyte.
The membrane electrode assembly
included a specially constructed fuel-oxi-
dation electrode made of an unsupport-
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ed Pt/Ru catalyst layer and a gas-diffu-
sion-type unsupported platinum catalyst
for the reduction of oxygen. A fuel solu-
tion of trioxane at a concentration of 1 M
was circulated past the anode of the cell,
while oxygen at a pressure of 20 psi
(=140 kPa) was applied to the cathode.
The CO, produced by the oxidation of tri-
oxane was separated from the fuel solu-
tion in a tall glass column.

Figure 2 shows the cument-vs.-voltage
characteristics of trioxane in this fuel cell.
This performance can be improved con-
siderably by use of platinum/tin electrodes.
The measured rate of crossover was found
to be no more than 1/5 that in a compara-
ble methanol fuel cell. Decreased rates of
crossover are extremely desirable, inas-
much as crossover re-duces the efficiency
and performance.

DuPont Vespel® bushings

deliver performance that

| metal parts just can’t duplicate.

In photocopiers, DuPont Vespel® polyimide is a cost-

effective alternative to metal in gear hub bushings. That’s

because parts made of Vespel can stand

up to ultra-high temperatures, offer
a low coefficient of friction, and

never need lubrication. If you want a

cost-effective solution that works, specify

the parts that last. Vespel.

To put Vespel to work in your

application, call 1-800-426-7246.

Mt\pci

) Dul
uni O

For More Information Write In No. 422 63



This work was done by George A.
Olah, Surya G. Prakash, Sekharipuram R.
Narayanan, Eugene Vamos, and

Subbarao Surampudi of Caltech for
NASA’s Jet Propulsion Laboratory.
For further information, write in 64 on
the TSP Request Card.

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:

William T. Callaghan, Manager

Technology Commercialization

Figure 1. These Galvanostatic Polarization Curves show the electro-oxidation characteristics

of several concentrations of trioxane at Pt/Sn electrodes of the gas-diffusion type, at a tempera-
ture of 55 °C, in a solution with 0.5 M H,SO, and 0.01 M perfluorooctanesulfonic acid (Cg acid).

JPL-301-350

4800 Oak Grove Drive

Pasadena, CA 91109
Refer to NPO-19230, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

acteristics of a liquid-feed direct-oxidation fuel
cell were measured with a 1 M solution of tri-
oxane as the fuel, at a temperature of 60 °C.

Closed-Loop System Removes Contaminants

From Inert Gas

The system can be used in place of a supply of purge gas.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A closed-loop system for the purifica-
tion of an atmosphere of inert gas
includes a bellows pump, a cartridge for
removal of oxygen, a cartridge for removal
of water vapor, and porous metal filters
at the ends of the cartridges for removal
of particles. These components are con-
nected in series with each other and with
a chamber in which the gas is to be used
(see figure). In the specific application
for which the system was devised, the
chamber is one in which semiconduct-
ing materials are processed. By virtue
of the closed-loop operation, a limited
supply of inert gas is adequate to pro-
vide an atmosphere for industrial pro-
cessing of semiconductors.

The rate of leakage of the bellows
pump is less than 10°° cm¥/s. All tubes
in the system are electropolished and
connected together by VCR fittings.
Because the gas comes in contact with
only metallic parts, the pump does not

64

add new impurities to the gas.

The oxygen-removing cartridge con-
tains a packed oxygen-sorbent materi-
al. The cartridge can be heated to a
temperature as high as 300 °C for oper-
ation in the scrubbing mode or for
regeneration of the spent sorbent. Four
classes of oxygen sorbents have been
developed at NASA's Jet Propulsion
Laboratory, each class being best suit-
ed for operation in a specific tempera-
ture range. These classes of sorbents
are (a) copper-exchanged zeolites (200
to 400 °C), (b) copper-modified carbon
molecular sieves (room temperature to
250 °C), (c) copper-containing platinum
zeolites (100 to 400 °C), and (d) cobalt-
containing platinum-modified zeolites
(400 to 800 °C).

All of these sorbents take in oxygen
by catalytic oxidation of copper. The
equilibrium level of oxygen after removal
is well below 1 part per trillion at tem-

Supply of
Research-Grade
Argon &
"
Porous i
Cartridge
Metal Containing
Filter Oxygen
Soent |
Processing
Chamber
Cartridge
Containing
Water-Vapor
Sorbent

The Concentration of Oxygen in this closed-
loop system is kept low by use of a heated cat-
alytic sorbent bed in a cartridge. It is also pro-
posed to keep the concentration of water vapor
low by use of a predried zeolite sorbent bed in
another cartridge, and to remove particles small-
er than 0.1 pm by use of porous metal filters.
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peratures up to 400 °C. The oxygen-
removing cartridge can be packed with
one or a mixture of the oxygen sorbents;
the mixture can be tailored, along with
the other design parameters, to help
adapt the system to meet various design
requirements, including temperature of
operation, initial level of oxygen impuri-
ty, and the like.

The oxygen-removal capability of the
system was tested in closed-loop oper-
ation, using copper-modified zeolite 13X
as the oxygen sorbent. When the sorbent

Electrochemical
Deposition of
Thiolate Mono-

layers on Metals

The degree of coverage can
be controlled with relative ease.

NASA’s Jet Propulsion
Laboratory, Pasadena,
California

An electrochemical method has
been devised for coating metal (usually,
gold) surfaces with adherent thiolate
monolayers. In comparison with older,
nonelectrical chemical solution meth-
ods, the present electrochemical me-
thod affords greater control over the
location and amount of material deposit-
ed and makes it easier to control the
chemical composition of the deposits.
One important potential use for this
method lies in the fabrication of chemi-
cally selective thin-film resonators for
microwave oscillators used to detect
pollutants: a monolayer can be formulat-
ed to bind selectively the pollutant chem-
ical species of interest, causing an
increase in mass of the monolayer and a
corresponding decrease in the frequency
of resonance. Another important potential
use lies in selective chemical derivatiza-
tion for purposes of improving adhesion,
lubrication, protection against corrosion,
electrocatalysis, and electroanalysis.

A compound used in this method is
denoted by the general chemical formu-
la XRSY. “S” is used here in the stan-
dard sense to denote sulfur, which is the
component that bonds to the metal
substrate. Y denotes a group that is lost
during deposition, partly because it
bonds to S less strongly than does the
metal substrate; Y can represent hydro-
gen (in which case XRSY is a thiol), a

NASA Tech Briefs, October 1995

was heated to a temperature of 250 °C,
and argon containing oxygen at a con-
centration of 100 parts per million was
introduced, the concentration of oxygen
fell, in less than 10 s, to a level below the
sensitivity limit (100 parts per billion) of
the oxygen-detecting instrument. The
rapidity of the decrease in the oxygen
level indicates that the ultimate attain-
able oxygen level is considerably lower
than 100 parts per billion.

The water-vapor-removing cartridge
was not included in the initial closed-

loop tests. It is proposed to remove
water vapor by use of pretreated zeolite.
The pretreatment would consist in drying
the zeolite for 48 h. at a temperature of
300 °C. (The use of zeolite for removal
of water vapor is well known.)

This work was done by Pramod K.
Sharma of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 60 on the TSP
Request Card. NPO-18879
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metal (in which case XRSY is a thiolate
salt), or another organic group.

R is a molecular group that forms
somewhat of an isolation layer in that it
lies between the S moiety attached to
the metal and the X moiety at the outer
end. R is chosen to obtain a desired
packing density, stability, thickness,
and/or other characteristics of the mono-
layer to suit a specific application. R can
be any of a variety of organic groups; for
example, a linear alkane chain [(CH,),,
where n is an integer].

R and X together determine the char-
acteristics of the deposit. The outer end
group, X, is chosen to provide the end
functionality required in a specific appli-
cation. X end groups that have proven
useful include CH,;, CF4(CF,);, COOH,
and OH; other potentially useful end
groups include inorganic complexes with
thiol ligands, organometallic compounds,
cyclodextrins, and crown ethers.

In preparation for the deposition
process, XRSY is dissolved in any of a
number of compatible electrolytes; typi-
cally, the electrolyte is an aqueous solu-
tion of KOH. The process can be carried
out in any suitable electrochemical sys-
tem that includes a voltammetric analyzer
and cell assembly. The XRSY/electrolyte
solution and the working, reference, and
counter electrodes of the system are
placed in the cell. (The working electrode
is the metal substrate to be coated.) The
cell is purged with a chemically inert gas
to remove dissolved oxygen.

The electrodes are connected to the
voltammetric analyzer. For the first 10 to

30 s, the applied voltage is set at a level
at which any adsorbed compounds are
desorbed so as to clean completely the
working electrode, with stirring of the solu-
tion to facilitate transport of any desorbed
impurities away from the substrate to pre-
vent readsorption. The voltage is then
stepped to the deposition voltage, which
has been preselected from the anodic
deposition wave, to establish a redox
equilibrium, thus providing for the desired
level of coverage. Typical deposition times
range upward from about 1 min.

The figure shows a cyclic voltammo-
gram that contains peaks showing the
oxidative adsorption and reductive de-
sorption of a layer of the thiolate
HOCH,CH,S- on Au on a mica substrate.
This plot shows that the adsorption and
desorption processes are well-defined
and reproducible.

This work was done by Marc D. Porter
and Duane E. Weissharr of lowa State
University for NASA’s Jet Propulsion
Laboratory. For further information,
write in 88 on the TSP Request Card.

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:

Marc D. Porter, Director

Microanalytical Instrumentation Center

45 Spedding Hall

lowa State University

Ames, IA 50014

Refer to NPO-19469, volume and
number of this NASA Tech Briefs issue,
and the page number.
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1.4 = -1.0

Applied Potential, Volts (vs. Ag/AgCl/Saturated KCl)

-0.8 -0.6

This Cyclic Voltammogram was obtained with a working electrode of gold on a mica sub-
strate in a solution of 10 mM mercaptoethanol in an 0.5 M aqueous solution of LiOH.
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Twenty years ago when our SITe Through the years we've listened Today, the SITe team is pushing
team was developing the first to our customers, and worked with CCD technologies to the limits
thinned CCD imagers for some of their system integrators to create with integrated digital solutions
the world’s most powerful telescopes, the semi-custom or application- that have the industry’s highest
we were already thinking ahead. We specific CCD imaging module quantum efficiency, sensitivity,
were visualizing all the ways our solutions they’ve needed. As a contrast range and resolution.
research, design experience, and result, they’ve dramatically shortened Other companies can give you -
manufacturing capability could be their prototype cycle and delivered components. SITe gives you
applied to creating imagers for a finished products to market on time. solutions.

broad range of appllcanons that need That same cost effective, advanced

analytical or diagnostic imaging CCD technology is available now Call us today for more information

precision. We called those first
such imagers “Scientific CCD’s”.
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A three-dimensional isometric plot of the atomic velocity distribution in a "Bose-Einstein condensate” achieved by a group of
scientists from NIST, the University of Colorado, and JILA. Using laser trapping, followed by magnetic trapping, the group got
the rubidium-87 atoms in a dilute gas down to 170 nanokelvins. There the peak indicated a cluster of atoms "frozen" into a
stationary quantum state, and acting like a single atom, as predicted independently in 1924 by Albert Einstein and Indian
physicist Satyendra Nath Bose. Photo by Mike Matthews,/University of Chicago, courtesy of Science News.
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In tests conducted for 3M and Owens-
Corning, researchers at the University of
Michigan's Center for Ultrafast Oprical
Sciences (Ann Arbor) recently drilled a hole
25 microns in diameter through a stainless
steel plate 0.5 mm thick using a 160-fs pulsed
Ti:sapphire laser with a repetition rate of 1
kHz. It took about half a minute to perform
the operation. UM scientist Peter Pronko says
the technique can also be used to drill sub-
wavelength and sub-spot-size holes in many
materials. Experiments have been done on a
variety of metals, glasses, and plastics. In semi-
conductor manufacturing the method could
create channels, layers, and holes in a silicon
wafer without damaging films or circuitry.
Focused inside transparent materials, the laser
could carve out internal structures without
making holes in the surface. UM researchers
say the method could increase the capacity of
CD-ROMs and other data storage devices.
UM has applied for a patent on the microma-
chining technique. Research at the Center is
funded by the National Science Foundation.

A hole 35 microns in diameter drilled by a pulsed
Ti:sapphire laser in a stainless steel plate at the
University of Michigan's Center for Ultrafast Optical
Sciences. Photo courtesy Xinbin Liu, Univ. of Michigan.

FCI Environmental Inc. and EG&G
Energy Measurements, both of Las Vegas,
NV, will collaborate to develop rugged
miniature fiber optic sensors to monitor the
environment for petrochemicals and other
pollutants. The cooperative agreement
involves EG&G technology originally creat-
ed to support the Department of Energy's
nuclear weapons testing program. With it,
said Geoff Hewitt, FCI's president, the com-
pany will be able to build sensors that can be
placed in remote locations for long periods of
time to detect a variety of chemicals and haz-
ardous toxins. FCI, a wholly owned sub-
sidiary of FiberChem Inc., developed the first
commercial fiber optic chemical sensor to
detect and quantify petroleum hydrocarbons
in air or water in real time.
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Formally announced in July, OptoSigma
Corp. (Santa Ana, CA), a new company,
brings together a group of US optical-indus-
try veterans led by Paul Kenrick, formerly of
Melles Griot US, and Sigma Koki Co., a
Japanese manufacturer of electro-optical and
laser components. "We will offer a broad-
based catalog of laser-quality optical compo-
nents and optomechanical products,”
Kenrick says, "backed by the best technical
support.” Sigma Koki plans to invest in a
modern production facility in the US.
OptoSigma will offer "items selected from
around the world" to complement its own
product range. The company is located at
2001 Deere Ave., Santa Ana 92705; (714)
851-5881; (714) 851-5058.

Newport Corp. (Irvine, CA) has
announced it will be the exclusive distributor
of LightPath Technologies Inc.'s (Tucson, AZ)
standard catalog and custom products using
its patented GRADIUM material for all
laser/electro-optic and semiconductor applica-
tions. GRADIUM lenses are the first com-
mercially available components that use the
material, which has a refractive-index gradient
along the optical axis, eliminating spherical
aberration. Made up of glass layers diffused
into a single piece, the lenses can be produced
in much larger sizes than standard GRIN rod
lenses or molded aspheres, LightPath says.
Twelve-mm and 25-mm positive and negative
lenses are now available from Newport.

The Richardson Grating Laboratory
(Rochester, NY) has been sold to Life
Sciences International plc (LSI) of London,
England, and is now an operating unit of
Spectronic Instruments. The Laboratory,
which designs and fabricates ruled and holo-
graphic diffraction gratings for the research
and commercial optics markets, became part
of Milton Roy Co. in 1985; Milton Roy later
became a subsidiary of Sundstrand Corp. The
analytical instrumentation businesses of
Milton Roy are included in the LSI purchase.
With 1994 sales of $273 million, LSI is an
international supplier and manufacturer of
scientific equipment for laboratories. Among
its other operating units in the United States
is NESLAB, the Portsmouth, NH, manufac-
turer of recirculating chillers.

MicroE Inc. (Needham Heights, MA) has
purchased the diffractive-optics-based mic-
roencoder business of BEI Electronics Inc.
(San Francisco, CA). MicroE was formed by
CEO Don Mitchell, with funding from
Massachusetts and Pennsylvania venture cap-
ital firms and private investment, to develop
the patented scale-based interferometric lin-
ear and rotary position sensor technology for-
merly owned by BEIL Mitchell invented the
MicroEncoder, a device based on physical
optics for measuring linear or rotary motion.

According to Mitchell, the MicroEncoder

offers accuracy comparable to conventional
laser interferometers at much lower cost and
in a much smaller size. MicroE is located at
130 A St., Needham Heights 02194; (617)
455-1414; FAX (617) 455-6514.

Coherent Inc. (Santa Clara, CA) and
Uniphase Corp. (San Jose, CA) entered into
a patent license agreement and an asset pur-
chase agreement. Uniphase obtained a limit-
ed nonexclusive sublicense on the Sipes
patent, assigned to Coherent by Amoco, the
original corporate holder, and covering the
technique of focusing the output of a diode
pump laser into the solid-state lasing medi-
um. In exchange for this, Coherent acquired
the assets of Uniphase's Torrance, CA, diode
laser operation. Kevin Kalkhoven, president
of Uniphase, said the patent technology will
materially aid the company's development of
green and blue solid-state microlasers. For
Coherent, said Bernard Couillard, general
manager of the Laser Group, the addition of
diode laser technology to its diode-pumped
solid-state business, recently buttressed by
the acquisitions of Adlas GmbH and
Amoco's non-telecommunications assets,
would strengthen its position in the medical
and OEM markets.

Digital Instruments (Santa Barbara, CA)
has established an Internet "mailing list" for
scanning probe microscopy (SPM) users. It
calls the list "an open and unedited forum for
discussing and exchanging technical informa-
tion, views, issues, and applications of
SPM...." Those who wish to subscribe should
send a line similar to the following to major-
domo@di.com: "subscribe spm <your E-mail
address>." Instructions for use are provided on
log-in. Once subscribed, the user may submit
articles to spm@di.com. The company also
offers a Home Page at http://www.di.com,
which includes applications information, sup-
port hints, bibliographies and information on
products and services.

Edmund Scientific Co. (Barrington, NJ)
dedicated the new $1.2-million 19,000-sq.-ft.
"Pauline Edmund Wing" at a ceremony July
31. President Robert M. Edmund said the
two-story structure was named to recognize
the great contribution made to the company
by his mother, who served for some 30 years
as vice president of operations. He noted that
"based on our sales growth for the past five
years, the new addition will take care of the
present expansion needs while satisfying a
projected growth five years from now."
Edmund's work force has increased by 60%
to0 160 in the past decade, as its product offer-
ings and its familiar 236-page catalog expand-
ed to encompass a wide selection of optical
components and instruments, scientific
instruments, and educational aids. New Jersey
Congressman Robert E. Andrews was the
keynote speaker at the ceremony.
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A Field Medical System Using a Laser Diode

The portable unit makes incisions, stops bleeding, and closes wounds.
USAF Phillips Laboratory, Kirtland Air Force Base, New Mexico

A medical laser system developed at
USAF Phillips Laboratory is a very com-
pact device that provides the field para-
medic or physician with a unique portable
battery-operated medical capability. The
laser system is able to cut like a scalpel,
coagulate bleeding, and close wounds.

Emergency medical system physicians
and battlefield medics have a similar
need to improve emergency wound pro-
cedures to reduce treatment time and
trauma to the victim. Phillips Laboratory's
MedPac consists of a completely self-
contained system based on a laser diode
and operated by a rechargeable battery.
The laser energy is delivered by a fiber
optic cable that provides the very high
power density necessary at the tip to cut
and cauterize tissues.

The system dimensions are 3" X 7" X
9" and its weight is eight pounds; it will
easily fit into a small beltpack. It is pow-
ered by one rechargeable sealed lead-
acid battery. A recharging port is also
provided, as is a key lock for safety and
security. If the system is used in a belt-
pack, only the optical fiber will extend
from the pack. The laser light at the tip
of the fiber is very intense: one kilowatt
per square centimeter. Several standard
disposable sterile medical tips are avail-
able that can be directly applied to the
wound and are being evaluated for cut-
ting and coagulation.

The most important electronic element
in the MedPac is the high efficiency con-
stant-current laser driver. This driver uses
the latest DC-to-DC converter technolo-
gy combined with extremely low-resis-
tance power MOSFETs to provide a
compact, efficient package that is ideally
suited for battery-powered field devices.
Typical efficiency is greater than 82% for
load currents up to 30 A. This helps
reduce energy losses due to heat gener-
ation in the laser driver, and also extend
battery life.

An important requirement for driver cir-
cuits is that they accurately regulate the
current flowing through the laser. The
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current variation for this device is typical-
ly less than 1% as the input is varied
between 9 and 15 V. Current overshoot
at turn-on is less than 0.5%.

DC-to-DC converter technology helps
to reduce the current drain on the battery
power source. The supply current is
reduced by approximately the ratio of
Vi/Vou. In the present application, which
uses a 12-V battery, the battery supplies
3.5 A for a laser drawing 20 A at 2.0 V.
This improves efficiency by a factor of 6
over a circuit using a voltage regulator to
reduce the input voltage to the level
required by the laser. A 12-V 4.6-A/hour
battery provides approximately 60 min-
utes of maximum power from the laser.

The laser driver also has a unique fea-
ture that allows it to utilize nearly 100%
of the available battery energy. The
internal low-dropout current regulator
will keep the laser current constant until
the battery voltage drops below 3.8 V.

This provides a longer useful run time
per battery charge.

The MedPac control unit is made up of
three functional parts. These are the ther-
mal-electric (TE) cooler controller, a sig-
nal-conditioning circuit for the display,
and a temperature watchdog circuit.

The TE cooler circuit is made from a
thermistor circuit and a switching current
supply. The thermistor has a constant
current flowing through it that is used
to set the idle temperature of the laser.
The voltage across the thermistor is fed
into the switching current supply, which
drives the cooler. The current supply has
three modes of operation: on (not switch-
ing), on (switching), and off. When the
laser temperature is above 17 °C the
cooler circuit is turned completely on
(non-switching). It supplies 2.5 A to the
cooler and draws 2.5 A. When the laser
temperature reaches 15 °C the circuit
starts to switch, supplying 2.0 A and
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drawing 0.6 A. As the laser reaches 14 °C
the circuit turns off. The laser tempera-
ture at system idle is between 14 °C and
15 °C. The system is 90% efficient when
in the switching state, and draws less
than 300 pA in the idle state.

The front-panel display has the ability
to show either the laser's temperature or
output power. The power is derived from
the laser's current. This is only a rough
estimate, because the power varies over
temperature and the laser is set up to
have a running temperature between 15-
30 °C. It is read from a current-sensing
resistor on the laser current supply board.
Both the temperature and power signals
are fed into the digital panel meter.

The temperature watchdog circuit will
shut off the laser's power supply when it
reaches a high temperature of 30 °C and
will re-enable the laser power supply
when the temperature falls below a set-
ting of 25 °C. The input temperature sig-
nals are derived from a thermistor.

Clinical research examined the medical
viability of the Field Medical Laser
System. Tests were conducted with the
MedPac at the University of lllinois
School of Medicine in altitude chambers,
and on-board aircraft from the 126th Air
National Guard, O'Hare Field, Chicago.
Two different procedures, cutting and
coagulation, were conducted with the

MedPac and compared with two other
medical instruments, the scalpel and the
CO, medical laser system. The tests indi-
cated that the MedPac can function in
various ground and air environments
ranging from Arctic, tropics, and pressur-
ized flight environments.

In conjunction with the Medical
School, environmental and altitude
chamber tests followed a matrix that
included standard day, Arctic (18 °C,
20% humidity), tropical (100 °C, 100%
humidity), and flight (60 °C, 7000 ft.,
pressurized). Both lasers, CO, and
diode, can be varied up to 9 W of output
power, but were set to operate at 5 W.
The results were as follows:

e Standard day: scalpel cut (1 cm) 2 sec-
onds; CO, 3 seconds; MedPac 3 seconds;
* Arctic environment: scalpel cut 2 sec-
onds, CO, 4 seconds; MedPac 3 seconds;
» Tropical environment: scalpel cut 2 sec-
onds; CO, 3 seconds; MedPac 2 seconds;
¢ Flight environment: scalpel cut 2 sec-
onds; CO, 3 seconds; MedPac 3 seconds.

The resulting times for the incisions
were not as important as the conditions
of the cuts. However, the important out-
come of these particular tests is that the
MedPac laser provided a clean, blood-
less incision.

MedPac, the Field Medical Laser
System, provides the physician with a

lightweight, portable surgical laser tool
that can produce immediate coagulation
and closure of wounds. This results in
less loss of blood, an improved view of
the wound site, and better control of
patient care, thereby sustaining home-
ostasis. Furthermore, with the advent of
diode laser technology, other applica-
tions are surfacing that allow for
advanced battlefield trauma care, as well
as patient stabilization in civilian care.
These include wound sterilization, bac-
teriology, and tissue welding.

This work was done by Michael Allen,
Mark Gaddis, Dan Garber, Doug Webb,
John Kelly, and Michael Colvard for US
Air Force Phillips Laboratory. A patent
is pending. The group wishes to
acknowledge one of the inventors, Capt.
Andy Keipert, for his dedication to the
Field Medical Laser System Program.

Inquiries concemning rights for com-
mercial use of this invention should be
addressed to Michael S. Allen, USAF
Phillips Laboratory, PL/LIDA, 3550
Aberdeen Ave. SE, Kirtland AFB, NM
87117-5776; (505) 846-7034; FAX (505)
846-4313. Alternatively, inquiries may be
directed to the Alliance for Photonic
Technology, 851 University Blvd. SE,
Bldg. 1, Suite 200, Albuquerque, NM
87106-4339; (505) 272-7001.

In,Ga,_,As/GaAs Quantum-Well Infrared Photodetectors
Detectivities of experimental devices were found to be comparable to those

of Al,Ga,_As/GaAs devices.

NASA’s Jet Propulsion Laboratory, Pasadena, California

The first infrared photodetectors that
operate at wavelengths as long as 18
um have been made with multiple-quan-

Outer Contact Layers: GaAs Doped to 10" cm™

tum-well structures that consist of quan-
tum-well layers of In,Ga;_As alternating
with non-lattice-matched gquantum-bar-
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The outer undoped GaAs layers in the second device reduce the dark current.

4a

rier layers of GaAs. Heretofore, quantum-
well infrared photodetectors (QWIPs) have
been made with quantum-well layers of
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GaAs alternating and lattice-matched,
variously, with quantum-barrier layers of
Al,Ga_As, GayslngsP, or AlysingsP. Note
that GaAs is the well material in the older
devices and the barrier material in the
present devices.

The choice of materials for the present
QWIPs was affected principally by two
considerations. One was that in compar-
ison with GaAs, In,Ga;_As is potentially
a superior quantum-well material be-
cause of its stronger absorption of
infrared radiation. The other considera-
tion was that in comparison with
AlLGa;_As, which is the usual barrier
material in the older devices, GaAs is
potentially a superior barrier material
because it exhibits superior transport
properties (lower scattering and higher
mobility of charge carriers).

The figure illustrates the quantum-
well layer configurations of two
experimental QWIPs made  of
Ing.1sGag ssAs/GaAs. The first device
contains five 80-A-thick IngisGaossAS
quantum-well layers doped to 5 x 10"
cm™, separated by 500-A-thick quan-
tum-barrier layers of undoped GaAs.
The outer contact layers are made of
GaAs doped to 10" cm™: unlike in older
QWIPs, the heavily doped contacts are
made of the higher-band-gap GaAs
semiconductor — in this case, GaAs.
This is quite different from the
Al,Ga,_As/GaAs heterosystem, in which
the GaAs is the low-band-gap quan-
tum-well and contact material.

This reversal of roles is necessary
because a thick contact layer of the
strained, non-lattice-matched Ing 1sGagesAS
would contain too many defects and
threading dislocations. The design of the
first device makes use of the strong
bending of the energy band in the region
between the heavily doped GaAs contact
layers and the first and last Ing.15Gag.ssAS
quantum wells. This results in a large
quantum-mechanical-tunneling current,
which essentially short-circuits the first
and last wells, thus effectively making
contact with the low-band-gap material.
The active quantum-well structure
therefore consists of the middle three
quantum wells.

The second device contains three 85-
A-thick Ings:GagesAs quantum-well lay-
ers doped to 1 x 10" cm™®, interspersed
with four 500-A-thick quantum-barrier
layers of undoped GaAs. The outer con-
tact layers are made of GaAs doped to 1
% 10" cm™, It is worth noting that unlike
the first device, this device contains
undoped GaAs spacer layers between
the outermost quantum well and the
outer contact layers: as a result, the tun-
neling injection current from the contacts
to the quantum wells should be signifi-

October 1995

cantly smaller than it is in the first device.
Therefore, the dark current of the second
device should be smaller, resulting in
higher detectivity.

Experiments have confirmed that the
dark current of the second device is
much smaller than that of the first device
at temperatures below 60 K. The spec-
tral responsivities of the devices were
measured at 40 K with a bias of 100 mV:
For the first and second devices, the
responsivities peak at wavelengths of
15.3 and 18 pm, respectively, while both
devices reach their long-wavelength
(half-peak) cutoffs at 18.3 pm. The
detectivities of both devices increase

with decreasing temperature: at 10 K,
the detectivities of the first and second
devices were found to be 8.0 x 10°
cmeHz'?/W and 9.7 x 10" cmeHz"*/W,
respectively — comparable to the detec-
tivities of Al,Ga,_As/GaAs QWIPs.

This work was done by Sarath D.
Gunapala, Jin S. Park, True-Lon Lin, and
John K. Liu of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 69 on the TSP
Request Card. NPO-19323
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Air and water cooled PowerMax probes
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New Laser Treatment

for Enlarged Prostate
A diode laser device could result in a cost-effective,

safer, and less painful treatment.

Inhalation Toxicology Research Institute (ITRI), Albuquerque,

New Mexico

Enlarged prostate (benign prostatic
hypertrophy) is a common disease
affecting up to half of all men over the
age of sixty. As the part of the prostate
gland around the urethra increases in
size with advancing age, the urethral
opening decreases, resulting in difficult
urination and urine retention in the blad-
der. Symptoms include frequent urina-
tion, discomfort, urinary-tract infections,
and in severe cases, urinary tract
obstruction. Treatment is directed at

reducing the prostatic tissue surrounding
the urethra. Hormone treatment some-
times succeeds, but most treatments
involve destroying the prostatic urethra
and tissues by surgical excision or laser
coagulation necrosis via the urethra.
Both require several days of hospitaliza-
tion; in addition, laser treatment uses
fairly expensive equipment.

ITRI is collaborating with indigo™
Medical, Inc., of Palo Alto, CA, to demon-
strate a new treatment procedure in

A

Development and testing of the indigo™ 830 portable diode laser may lead to effective inter-
stitial thermotherapy for chronic enlarged prostate.
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which a small fiber attached to a diode
laser is placed directly into the prostate
to necrotize tissue. The laser costs
much less and is safer to operate than
the Nd:YAG lasers typically used in laser
coagulation necrosis. Because it deliv-
ers its energy more slowly, it is easier
to control. Moreover, unlike current
approaches, interstitial thermotherapy
does not destroy the urethra, which can
lead to significant pain, increased risk of

bleeding, and need for transfusions.
This work began as a collaboration
between Air Force Phillips Laboratory,
Los Alamos National Laboratory, and
Indigo™ Medical, Inc., to design a proto-
type laser and fiber that could be
used in tissue. The collaboration contin-
ued, under the direction of Dr. Bruce
Muggenburg at the Inhalation Toxicol-
ogy Research Institute, as the system
was evaluated. The treatment is now

being further evaluated in clinical trials.
Patents are pending.

Inquiries regarding use of the treat-
ment can be directed to Dr. Horst Adam,
Indigo™ Medical, inc., 1049 Elwell Court,
Palo Alto, CA 94303, or Dr. Charles H.
Hobbs, Inhalation Toxicology Research
Institute, PO Box 5890, Albuquerque,
NM 87185; (505) 845 1037; FAX (505)
845-1198.

Measuring Pixel-Position Errors on CCD Imagers
Interference fringes are used as a reference pattern.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Deviations of the positions of pixels on
a charge-coupled-device (CCD) image
detector from a nominal rectangular grid
pattern can be measured by a method
in which coherent-light interference
fringes are used as a reference pattern.
These deviations are attributed, at least
in part, to imperfections in step-and-
repeat machinery used to generate the
grid patterns in manufacturing. The
method was conceived for use in deter-
mining pixel-position errors in astromet-
ric cameras to be flown aboard space-

craft. The method can also be applied to
the determination of similar errors in (and
calibration of) terrestrial CCD cameras
used as position sensors; for example,
position-measuring cameras that are
parts of robotic systems.

Figure 1 illustrates schematically how
the interference fringes are formed on
the CCD and measured. Light from a
helium/neon laser is coupled into a sin-
gle-mode optical fiber that is split into
two single-mode optical fibers at a
directional coupler. The other ends of

the two fibers are held a few millimeters
apart in an aluminum block. The ends of
the fibers lie on the surface of the block
that faces the CCD, with their optical
axes perpendicular to this surface. This
surface is polished to make it reflective
so that the optical axes can be aligned
perpendicular to the face of the CCD by
use of an ancillary technique that
involves observation of multiple reflec-
tions of a laser beam.

The ends of the fibers are held at a
distance of about 1 m from the CCD, so
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Figure 1. Interference of Laser Beams emerging from the two opti-
cal fibers forms a fringe pattern that is used as a reference grid.

that in the case of a CCD of typical dimensions, the spatial inter-
val between successive interference fringes is about 20 pixels.
The fringe spacing, the polarization of the laser light, and the ori-
entation of the fringes in the CCD plane are not critical; it is not
even necessary to suppress jitter because the effects of fluctu-
ations on the readouts of the pixels are suppressed by integrat-
ing the readouts over exposure times of a few seconds. In addi-
tion to the exposure taken with interfering light from both fibers,
an exposure is taken with light from each fiber alone; these sin-
gle-fiber exposures provide calibration data that are used to
correct for spatial variations of the intensities of the beams from
the fibers when analyzing the readouts from the two-fiber expo-
sure by the technique described next.

The time-integrated CCD readouts from the two-fiber exposure
are digitized, corrected for beam spatial variations, and com-
pared with the corresponding computer-generated data on ideal
interference fringes. The global fringe spacing, orientation, phase,

Least-Squares-Best-Fit Interference Pattern
-——~ Interference Pattemn Computed From Measurement Data

Relative Intensity

Figure 2. The Error in the Position of a Pixel is estimated from the
residual quantity, for that pixel, obtained from the least-squares best
fit of the idealized interference pattern.
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amplitude, and modulation of the actual
interference pattern are deemed to be
those of whichever computer-generated
pattern best fits the measurement data
according to the method of least squares.

The residual (error) quantities of the
least-squares best fit are due to (1) poor
quantum-efficiency calibration, (2) subpix-
el gradients in illumination and/or sensitiv-
ity, and/or (3) the pixel-position errors that
one seeks to determine. The effects of
quantum-efficiency calibration errors can
be suppressed by taking many single-
fiber exposures. The effects of intrapixel

A Continuous
Emissions Monitor

for Metals

Laser-spark spectroscopy
(LASS) is the basis for a
prototype system.

Sandia National Laboratories,
Livermore, California

One of the greatest challenges in gain-
ing approval to operate hazardous waste
treatment plants is convincing the public
and regulators that the effluent from the
treatment process will be free of toxic com-
pounds. Continuous monitoring of the efflu-
ent stream could provide the necessary
assurance, but suitable monitors are not
available to do such measurements of many
common pollutants, including metals.

Currently, stack emissions of toxic
metals are measured using extractive
sampling followed by off-line batch
chemical analysis. This largely manual
procedure is costly, introduces sampling
errors, and typically has turnaround times
of days or weeks, making continuous
assurance impossible.

The Department of Energy's Sandia
National Laboratories is developing a
laser-based instrument that continuously
monitors metals in a flow in situ, eliminat-
ing the need for sample extraction. The
instrument would not only provide envi-
ronmental assurance, but also would
eliminate the potential for sampling errors
and provide data that could be used for
on-line control of metal emissions.

The Sandia monitor is based on an
advanced optical technique called laser
spark spectroscopy (LASS). In this tech-
nique, a high-power pulsed laser is focused
in the effluent stream. The high energy den-
sity in the focal region generates an optical
breakdown, commonly called a laser spark
or laser induced plasma, in which particles
and molecules are decomposed into excit-
ed atoms and ions. The variation of the
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gradients can be suppressed by making
the fringe spacing much larger than a
pixel, and preferably at least 10 pixels;
this is the reason for the choice of the 20-
pixel fringe spacing mentioned above.
The remaining residual quantities can
thus be attributed to pixel-position errors;
the position error, Ax, for each pixel is
estimated from Ax = /M, where € is the
residual quantity for that pixel and M is
the gradient (change per unit pixel width)
of the idealized interference pattern at the
nominal position of the pixel (see Figure
2). The position errors are thus estimated

only in the neighborhoods that contain
the maximum gradients of the idealized
interference pattern; a map of position
errors across the entire CCD is obtained
by piecing together maps made from
fringe patterns with different phases.

This work was done by Stuart B.
Shaklan, Mike Shao, Yekta Gursel, and
Jeffrey Yu of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 44 on the TSP
Request Card. NPO-19419

Anatomy of a
Great Frame Grabber

processing. Our designs
exploit the host CPU
without sarificing
performance.

Board

Half slot ISA, PC/104

and STD boards for embedded
and compact designs.

~~——

Precision
JSeeeesccssscncns lm-ge

+3nS. Video noise
less than 1 LSB.

sesses E-‘y
Interface

Image processing

library, C librory including
source, Windows DLLs
for C and Visual Basic.

Call 800-360-9131

Call and find out how ImageNation’s
quality products, responsive technical

support and elegant software get
your application quickly to market.

ImageNation

Vision Requires Imagination™

1-800-366-9131 ® Phone: 503-641-7408 ® Fax: 503-643-2458

E-mail: info@ImageNation.com
Homepage: http://www.ImageNation.com/-image
P.0. Box 276, Beaverton, OR 97075-0276

For More Information Write In No. 465 9a



intensity of light emitted by these excit-
ed species correlates directly with the
type and quantity of metal present.

Because the monitor relies on the
measurement of optical output resulting
directly from laser input, measurements
can be performed in situ, with both input
and output transmitted through windows
in the exhaust duct transporting the efflu-
ent. A major advantage of the LASS
technigue is that it can measure metals
embedded in particles or in liquid aero-
sols, which account for most of the met-
als emitted from hazardous waste treat-
ment processes.

Sandia's transportable continuous emi-
ssions monitor (CEM) is suitable for in-
plant application. The prototype consists
of three basic components: (1) an optical
probe, shown schematically in the figure;
(2) rugged instrumentation racks that con-
tain a spectrometer, detector, and control
instrumentation; and (3) a personal com-
puter for data acquisition and control.

The optical probe unit contains a pulsed
Nd:YAG laser plus focusing and collection
optics. Frequency-doubled (532-nm) Q-
switched laser output is expanded and
collimated by a pair of lenses and then is

focused in the effluent stream by a third
lens. The final laser-focusing lens also
serves to collect and collimate a portion
of the optical emission from the laser-
induced breakdown. This emission is
focused on the tip of a fiber-optic bundle,
which transmits the plasma emission to
the instrumentation-rack-mounted spec-
trometer and detector. The prototype
monitor is controlled remotely by a per-
sonal computer, which also analyzes mea-
sured optical-emission spectra to deter-
mine metal concentrations in real time.

The prototype CEM was successfully
demonstrated at DOE funded pilot-scale
waste-treatment facilities in South Caro-
lina and Idaho. These tests showed that
hazardous metals can be measured in
the effluent from thermal-treatment facil-
ities that are processing metal-containing
wastes. This was the first demonstration
of the ability of a laser-spark CEM to
determine metal concentrations through
analysis of individual spectral lines in a
complex "real" effluent, where numerous
spectral features from nonregulated
species were also present. Well-isolated
spectral lines of regulated metals were
identified and analyzed, even in the pres-

ence of large abundances of interfering
species. The measurements also provide
the first real-time insight into how emis-
sions change as system operating para-
meters are changed. An advanced proto-
type will be demonstrated at a full-scale
thermal treatment facility in 1996.

In addition to the application to haz-
ardous waste treatment facilities, the
LASS metals monitor has potential com-
mercial application to a wide variety of
other sources, including fossil-fuel power
plants, industrial furnaces and boilers,
electroplating facilities and semiconduc-
tor manufacturing processes.

This work was done at Sandia
National Laboratories under the spon-
sorship of the Dept. of Energy Office of
Technology Development's Characteriza-
tion, Monitoring, and Sensors Technology
Crosscutting Program. For further infor-
mation, contact Bill Flower, Principal
Investigator, MS 9103, Sandia National
Laboratories, Livermore, CA 94551 0969.

Inquiries regarding rights for the com-
mercial use of this device should be
directed to C.V. Subramanian, Manager,
Licensing, Sandia National Laboratories,
Livermore, CA 94551-0969.

Laser Spark

Schematic diagram of the optical probe used as a continuous emissions monitor for metals.

Micromachined, Electrostatically Deformable Reflectors
Beam-control reflectors could be integrated with electronic control circuits.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Micromachined, closed-loop, electro-
statically actuated reflectors (UCLEARS)
are being developed to provide relatively
simple and inexpensive alternatives to
the large, complex, expensive adaptive
optics used to control wavefronts of

10a

beams of light in astronomy and in
experimental laser weapons. The devel-
opment of JCLEARs may not only over-
come some of the disadvantages and
limitations of older adaptive optics but
may also satisfy demands of a potential

market for small, inexpensive defor-
mable mirrors in electronically controlled
film cameras, video cameras, and other
commercial optoelectronic instruments.

Micromachining can be used to make
a deformable mirror, its supporting
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structure, and actuation circuitry. The actuation circuitry can
include electrostatic-actuator electrodes, sensing electronics,
drive circuits that apply electrostatic-deflection voltages to the
actuator electrodes, and control circuits. The actuation circuitry
can be fabricated on the same silicon wafer that contains the
supporting structure; this integration minimizes electrical noise
and results in a compact, lightweight, inexpensive, electrically
and optically sensitive adaptive optic that is relatively insensitive
to environmental effects. Typically, the deformable mirror is

Cr/Au Reflective

Y " Mirror Transparent Electrode
UhravnoElel Sensiive Window / Coat on Window
poxy
Silicon Nitride
Epitaxial Layer [,

About 0.5 pum Thick

Cr/Au Ground
Electrode

] 7] .
- ias Voltage
<—Silicon About
400 pm Thick

P~ e I

Actuator Electrodes

Silicon or Glass With
Electrode Well
About 30 um Deep

Ultraviolet-Sensitive
Epoxy

Electrostatic Attraction between the flexible mirror and each of the
electrodes varies with the voltages applied to the electrodes. Thus,
the applied voltages can be varied to deform the mirror to a desired
shape. A typical practical uUCLEAR would contain more than the three
actuator electrodes shown here.

made from a separate piece of silicon or other material and
attached to the supporting integrated circuit structure.

The figure illustrates the configuration of a basic prototype
UCLEAR without integrated actuation circuitry. This uCLEAR
includes a micromachined mirror mounted on a micromachined
silicon frame. The mirror can be a thin film as shown here or it can
be thicker — even as thick as the frame, depending on the
required stiffness of the mirror. The mirror is electrically grounded
and aligned above a planar array of actuator electrodes, forming
an array of parallel-plate capacitors. A window that holds a trans-
parent electrode is mounted in the front of the mirror surface.

A bias voltage applied to the transparent electrode moves the
mirror into a preload deformation position away from the array
of actuator electrodes. Application of a voltage to an actuator
electrode results in electrostatic attraction between that elec-
trode and the mirror, resulting in a deformation, concentrated in
the vicinity of that electrode, of the mirror toward that electrode.
The capacitances between actuator electrodes and a mirror can
be exploited to obtain capacitive feedback indicative of the dis-
tances between the electrodes and the mirror and thus indica-
tive of the state of displacement or deformation of the mirror.
The capacitive displacement feedback from each actuator elec-
trode eliminates the need for costly and complex optical defor-
mation feedback, and enables more accurate position control
than can be obtained from conventional open-loop systems.

Electrostatic actuation can be achieved at powers and volt-
ages smaller than those of piezoelectrically actuated adaptive
optics. The thicknesses of mirrors and structural boundary con-
ditions can be widely varied among HCLEAR designs to obtain
deformations in various preferred modes. Actuator electrodes
can be laid out in specified patterns to achieve the desired
deformations with minimum numbers of electrodes and simpli-
fied control algorithms and electronics. Closed-loop electrosta-
tic actuation can be combined with advanced control algo-
rithms that take into account the nonlinear structural behaviors
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of mirrors. For example, layouts of actuator electrodes, control
algorithms, and actuation circuits can be designed to provide
control of individual deformation modes (e.g., finite numbers of
Zernike modes), with minimal interactions among modes.

This work was done by Randall K. Bartman, Paul K. C. Wang,
Linda M. Miller, Thomas W. Kenny, William J. Kaiser, Fred Y.
Hadaegh, and Michael L. Agronin of Caltech for NASA’s Jet
Propulsion Laboratory. For further information, write in 79
on the TSP Request Card. NPO-19154

Scene Generation
Test Capability

Lasers can test focal plane arrays
against realistic mission scenarios.

Engineering Development Center,
Arnold Air Force Base, Tennessee

A scene generation test capability (SGTC) has been devel-
oped that can test visible and IR sensor subsystems. This capa-
bility will enable sensor developers to reduce development risks
by testing focal plane arrays (FPAs) and data subsystems
against realistic mission scenarios in a space environment. The
SGTC can simulate the sensor's mission by projecting complex
scenes directly onto the sensor's array in real time. Such scenes
will test a sensor's capacity to detect, track, and discriminate
targets against realistic backgrounds. The SGTC was imple-
mented in two phases, the transportable direct-write scene
generator and the focal plane array test chamber.

The SGTC uses laser beams to paint scenes directly onto the
sensor's FPA much as an electron gun paints pictures directly
onto a television screen. Like a movie, a mission scenario is bro-
ken down into a sequence of individual scenes or frames. SGTC
scenes are created in the visible and infrared at discrete wave-
lengths and projected onto the FPA in real time. The SGTC
design is versatile enough to accept scene data from a variety
of sources such as the Strategic Scene Generation Model
(SSGM) and SDIO's Phenomenology Data Centers. The scenes
projected by the SGTC are virtually unlimited in content.

The key to the success of the SGTC is the direct-write scene
generator (DWSG) technique (see figure), which uses acousto- -
optic devices to position and control the intensity of the laser
beam that paints the scene. Scene information is fed into a com-
plex electronic system that controls the acousto-optic devices.
The DWSG is synchronized to the FPA integration time to ensure
proper registration of each frame or image. The image process-
ing system is capable of controlling this synchronization, as well
as creating, editing, and displaying the contents of the scene.

The advantage of an electronically controlled, computer-pro-
grammable system is that each pixel is addressed directly dur-
ing each frame of operation. The ease of storage and playback
facilitates comparison testing between various FPAs. The main
strengths of the DWSG system are: (1) relatively unlimited scene
content (blooming targets, complex backgrounds, plumes,
gamma events); (2) compatibility with staring or scanning FPAs;
(8) no moving parts in the cryovacuum environment; and (4)
lower initial and operating costs.

The system can also simulate the effects of degraded sensor
components such as optics, focal planes, and stray light con-
trol baffles. Algorithm robustness can be evaluated by the con-
trolled addition of noise to the scenario.

The use of a laser as an external radiation source in conjunc-
tion with narrow spectral bandpass filters means that the test
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Schematic of the direct-write scene generator.

article can be placed in a small cryovacuum dewar rather than
a large test chamber. The DWSG hardware can reside outside
this dewar as well, so that physical changes do not have to be
made with the test chamber at ambient conditions whenever
scene content is changed. Time to change scenes and/or mis-
sion scenarios is reduced to a matter of hours. Time to recon-
figure the test capability from one sensor type to another (star-
er to scanner or vice-versa) is estimated at two to four weeks.
A traceable blackbody reference source, also located outside
the chamber, is used to perform blackbody characterizations of
the test article, thus providing a critical traceability path from
DWSG scenes to real-world phenomena.

The transportable direct-write scene generator (TDWSG) was
developed to validate the DWSG concept and meet near-term
test needs. A single TDWSG module, using a 1.06-micrometer
laser, can paint a scene area as large as 128X128 pixels. There
are twelve such modules currently available.

A validation test was conducted using an 80-frame scenario
developed using the strategic scene generation model. The sce-
nario consisted of several targets over a mountain-sea back-
ground. The first test used an FPA (128 by 128) with 20-microm-
eter pixels and a cutoff wavelength of 2 micrometers. The sce-
nario was projected at a frame rate of 0.5 kHz.

The second validation test was successfully performed using
an FPA (6 by 64) with 100-micrometer pixels and a cutoff wave-
length of 25 micrometers. The same scenario was projected at a
frame rate of 3 kHz. The 1.06-micrometer laser source success-
fully addressed both FPAs despite the wide difference in cutoff
wavelength (visible vs. LWIR). System stability tests have been
performed as well. Single DWSG modules can be grouped
together to address a variety of test requirements such as large
rectangular or offset test areas.

Development of a more capable yet transportable focal plane
array test chamber was completed last year. The scene genera-
tion hardware is located outside the chamber (one of three types
is available) at ambient conditions. A traceable blackbody refer-
ence source is used to perform characterizations of the test arti-
cle. As with the TDWSG, this establishes a critical traceability path
from the scene generated with the DWSG to real-world phenom-
ena. Hardware and software tests have been completed for this
program; scene projection demonstrations have been performed
at 0.514, 1.06, and 5.4 micrometers, and the system is ready for
use. A 10.6-micrometer diagnostic capability also exists.

This work was done by Microcraft Technology, Inc., the aero-
dynamic ground-test contractor for the Arnold Engineering
Development Center. Inquiries concerning rights for the com-
mercial use of this invention should be addressed to Heard
Lowery, Arnold Engineering Development Center, Arnold AFB,
TN 37389-6400; (615) 454-3709.
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Correcting for Capacitance in Tests of Solar Cells
Modifications of the test procedure and software yield corrected /-V characteristics.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A modified procedure for testing solar
photovoltaic cells and modified software
for processing the test data provide cor-
rections for the effects of cell capaci-
tance. The modified test procedure and
software are needed because (a) some
photovoltaic devices (for example, sili-
con solar cells with a back-surface field
region) store minority charge carriers in
the cell junction and thus exhibit signifi-

cant capacitance, (b) capacitance affects
current-vs.-voltage (-V) measurements
made when a transient load is connect-
ed to a cell, and (c) a transient load is
used in the unmodified version of the
test procedure.

In the modified testing procedure as in
the unmodified one, / and V are mea-
sured under various loads when the
solar cells are illuminated by a pulsed
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source of artificial sunlight. The first part
of the modified procedure consists of
the unmodified procedure, in which /-V
measurements are taken as the load is
swept from short to open circuit during a
pulse of artificial sunlight. This procedure
yields a complete /-V curve, but in the
case of high cell capacitance this proce-
dure yields measured values of V that
are below the true cell voltages for the
corresponding measured values of /.

In the modified procedure, /-V mea-
surements are also taken under four

Corrected Curve From
Modified Procedure
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The Corrected |-V Curve obtained in a test
of a solar cell according to the modified pro-
cedure approximates the true cell voltage
vs. cell current more closely than does the
transient-load |-V curve obtained in the
unmodified test procedure.

fixed-load conditions: (1) at a current a
few percent below the short-circuit cur-
rent, (2) at a current near the maximum-
power point, (3) at half the short-circuit
current, and (4) near the open-circuit
voltage, where the current is only a few
percent of the short-circuit current.

The modified software uses the fixed-
load -V data, which lie on the true /-V
curve, to produce an interpolated /-V
curve that closely represents true /-V
data. This approximation of the true /-V
curve resembles the transient-load /-V
curve but is shifted to slightly higher
voltage at a given current (see figure).

This work was done by Robert L.
Mueller of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further infor-
mation, write in 2 on the TSP Request
Card. NPO-19516
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Laser-Based Metal Surface

Decontamination System
A new system reduces secondary wastes and provides

more protection for personnel.

Ames Laboratory, lowa State University, Ames, lowa

Developed at Ames Laboratory of the
US Department of Energy (DOE), a new
system uses lasers to remove contami-
nants from metal surfaces. Unlike other
surface cleaning tools, lasers can be used
to remove both tenacious surface coat-
ings and portions of the metal substrate
without creating copious secondary
wastes. With the proper laser parame-
ters, it is possible to simultaneously
ablate and efficiently collect materials
from a metal surface. This is particularly
useful when samples contain hazardous
(i.e., radioactive) or valuable materials.

Laser energy can be transmitted over
long distances by either mirrors or fiber
optics. Thus, exposure of workers and
equipment to hazardous materials can
be significantly reduced.

Research in laser surface decontamina-
tion at Ames began in 1990 to support the
recycling of metal wastes generated dur-
ing the decommissioning of former DOE
facilities. Many millions of tons of stainless
steel and high-value metals such as nick-
el are expected to result from the decom-
missioning program. Without efficient sur-
face decontamination technologies, these
metals could be consigned to landfill bur-

ial--a waste of resources and a potential
source of pollution.

The technique should find applications
in the commercial nuclear industry. Also,
it can replace the use of hazardous
organic solvents and corrosive acid
baths needed for surface cleaning and
plating removal, respectively.

During the surface cleaning process, a
plasma forms close to the sample's sur-
face. It is possible to control the cleaning
process in real time by monitoring a
spectral line emitted by the plasma asso-
ciated with a species of interest.

The technology has been demonstrat-
ed on planar and cylindrical surfaces as
well as on internal cylindrical surfaces.
Cleaning rates vary with the metal treated
and the tenacity of the surface coating.
For aluminum, an easily ablated material,
a radioactive thorium oxide coating
deposited during decades of service was
removed at rates exceeding two square
meters per hour using an excimer laser.

Because the cleaning rate varies sub-
linearly with the laser's irradiance and lin-
early with its repetition rate, a high-repe-
tition-rate laser is optimal for surface
cleaning. Such a laser was part of a sys-

Decontamination of Stainless Steel
via Excimer Laser Irradiation (248 nm)
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tem used to remove fission product con-
tamination from Haynes 25, an extreme-
ly hard alloy. Much slower cleaning rates
(about 0.1 m® per hour) were required
than was the case for aluminum. In
another application, the surfaces of lead
bricks were efficiently decontaminated at
high cleaning rates. In each case, an
optical fiber delivered energy from the
high-repetition-rate laser to the material.

A proprietary system designed to opti-
mize laser removal rates and provide fiexi-
ble beam-delivery options was developed
co-operatively by Ames and Lockheed

Martin Idaho Technologies Company (LMIT).

This work was done by Ho-ming Pang
and M.C. Edelson for the Dept. of
Energy's Ames Laboratory. Russel L.
Ferguson at LMIT coinvented the propri-
etary system.

Inquiries concerning rights for the
commercial use of this invention should
be sent to Lidia Clarksean, LMIT,
Technology Transfer Office, Idaho
National Engineering Laboratory, 2525
Fremont Ave., ldaho Falls, ID 83415
3805; (208) 526-0012.

MQW Optical Feedback Modulators

and Phase Shifters

Modulators would consume less drive power
and would be compatible with integrated circuits.

NASA’s Jet Propulsion Laboratory, Pasadena, Californial

Multiple-quantum-well (MQW) devices
would be used as optical feedback
modulators in conjunction with laser
diodes, according to a proposal. Laser
diodes equipped with the proposed
MQW optical feedback modulators may
prove useful in a variety of analog and
digital optical-communication applica-
tions, including fiber-optic signal-distrib-
ution networks and high-speed, low-
crosstalk interconnections among super-
computers or very-high-speed integrat-
ed circuits.

Whereas most of the previous effort to
develop MQW modulators focused on
exploitation of the electro-absorption
aspect of the quantum confined Stark
effect (QCSE), the proposed develop-
ment would exploit the accompanying
electro-optical aspect of the QCSE — a
variation in the index of refraction with
the applied electric field. The proposed
development would also exploit the sen-
sitivity of laser diodes to optical feed-
back. This approach is the reverse of the
prior approach, in which optical feed-
back was regarded as a nuisance
because it could cause unstable opera-
tion and laser diodes were therefore
packaged with optical isolators to sup-
press optical feedback.

The upper part of the figure illustrates
the use of an external modulator,
according to the prior approach, to
achieve well-behaved modulation of the
laser output. Typical radio-frequency
and optical insertion losses in this
arrangement are about 40 dB. More-
over, because of the low damage-
threshold power of the modulator (typi-
cally, 10 mW) and optical insertion loss

as high as 10 dB in the external modu-
lator, it is often difficult to achieve an
acceptably high signal-to-noise ratio at
the receiver.

The lower part of the figure illustrates
the use of a proposed MQW optical feed-
back modulator. Because the sizes and
capacitances of the proposed MQW
optical feedback modulators would be
smaller than those of typical external
modulators used previously, the pro-
posed modulators would require lower
drive voltages. Other expected advan-
tages of the proposed modulators
include smaller optical insertion losses
and compatibility of MQW structures with
control electronic circuits of the monolith-
ic microwave integrated-circuit and very-
high-speed integrated-circuit types.

To reduce insertion losses and re-
quired radio-frequency drive voltages,
an MQW modulator according to the
proposal would be designed expressly
for the purpose, with a novel MQW and
electrode structure to achieve feedback
modulation through the back side of the
laser. Calculations of the electro-optical
aspect of the QCSE indicate that opti-
cal phase shifts of the order of & radi-
ans are potentially achievable with
some MQW structures.

An MQW device of the proposed type
would include a patterned metal elec-
trode on the surface facing the laser
diode. This electrode would be used to
bias the device to reflect part of the light
incident upon it, shifting the phase of
that part of the light by = radians. The
part of the light not reflected by this
electrode would enter the device, travel
back (leftward in the figure) through the
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MQW layers, be reflected from the rear
(leftmost in the figure) mirror, pass
through the MQW layers again, then
leave the device through the electrode
gaps and return to the laser. The phase
of this part of the light would depend on
the voltage applied to the MQW device.
Thus, one could vary the phase of light
returned to the diode laser in a spatially
complex manner, thereby influencing the
spatial pattern of the output laser beam.
Because changing the spatial pattern of

the laser beam would change the effi-
ciency of coupling of the beam into an
optical fiber, the part of the beam that
entered the fiber would become corre-
spondingly amplitude-modulated.

This work was done by Deborah J.
Jackson of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, write in 13 on the TSP Request
Card. NPO-19310

Optical
Isolator

Radio Frequency
Source

Laser D_*@E#EQEE
Optical Fiber

EXTERNAL MODULATION ACCORDING TO PRIOR APPROACH

MQW Layers
—~~

Mirror,

Patterned
Electrode

b/

FEEDBACK MODULATION ACCORDING TO PROPOSED APPROACH

Radio-Frequency
Source

The Proposed Modulation Scheme would differ from the prior external-modulation
scheme in that it would exploit feedback, taking advantage of the electro-optical effect in an

MQW device.

Databases for Laser Effects on
Aerospace Materials

A database resource covers laser effects on many materials.

High Temperature Materials Information Analysis Center,
Purdue University, West Lafayette, Indiana

Laser effects data and technical infor-
mation on aerospace materials are being
collected and analyzed from a variety of
sources, and will be made available to
qualified users. The objective is to bring
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together analyzed data in the form of a
computer searchable database for con-
venient access by user communities. An
analyzed database is offered as a means
of providing informational support to

Model No. LUPI-II
AFAS Interferometric Test Station

Model No.
TOAN 7.5-8Q
Reflective Collimator

Off-Axis Parabolic,
Flat & Spherical
Mirrors/Mounts

COAR - 10x10-HQ Off Axis
Beam Expander

FX15/5 F Fourier System

SPACE OPTICS
RESEARCH LABS
ADIVISION OF INTERGRAPH

7 Stuart Road, Chelmsford, MA 01824

(508) 256-4511, 1-800-552-7675
FAX (508) 256-5605

For More Information Write In No. 476



Free catalogs and literature for Laser
sponding number on the

DIGITAL
DELAY/PULSE
GENERATOR

The DG535 is a four-chan-
nel delay generator that can
accurately provide four
independent delays or two pulses with 5-picosecond reso-
lution. Each output level is independent and can be set
from -3 to +4 V. The instrument may be triggered at
rates up to 1 MHz (internally or externally) with chan-
nel-to-channel jitter less than 50 ps rms. A GPIB (IEEE-
488) computer interface is standard. DG535 Delay
Generator, US List Price $3500. Tel: 408-744-9040.

Stanford Research Systems

For More Information Write In No. 390

HIGH-QUALITY
OPTICS IN
HIGH-VOLUME
QUANTITIES

Plummer Precision Optics’

full-color brochure outlines
its total in-house capabili-
ties, from polishing and
coating to finished assem-
blies--everything needed to

- manufacture high-quality
optics ranging from 0.2-12 in. diameter. Plummer deliv-
ers quality custom optics in high volumes economically
and on time. Statistical Process Control monitors prod-
uct quality and controls processes, and sophisticated rest-
ing equipment insures conformity to MIL-1-45208.

Plummer Precision Optics
For More Information Write In No. 391

1995 BERTAN
HIGH-VOLTAGE
POWER SUP-
PLY CATALOG

A newly updated version of
Bertan's high-voltage power
supply reference and catalog
is now available. This guide
features detailed specifica-
tions on precision DC power
supplies with outputs ranging from 100 V to 125 kV. The
publication also includes a section covering theory of opera-
tion, a glossary of terms, and a handy selection and applica-
tions guide. Bertan High Voleage Corp., 121 New South
Road, Hicksville, NY 11801; Tel: 800-966-2776; e-mail :
info@bertan.com.

Bertan High Voltage Corp.
For More Information Write In No. 392

C-MOUNT
COMPACT

{ TRONIC
IMAGE PRO-
CESSING

* for 1/2" and 2/3" CCD imaging devices

* ruggedized design for industrial applications

* variable iris, with locking mechanism

« variable focus, with locking mechanism

* optically designed for spectral range 400 nm to 1000 nm
SCHNEIDER CORPORATION OF AMERICA, 400
Crossways Park Drive, Woodbury, NY 11797; Tel: 516-
496-8500; Fax: 516-496-8524.

Schneider Corporation of America
For More Information Write In No. 393

LATEST VER-
SION LIGHT
MEASUREMENT
CATALOG

IL offers their latest version
full-line caralog describing
instrumentation, applica-
tions and basic concepts of
Radiometry/Photometry.
Many new products are
introduced, including the IL1800 Lock-in Radiometer,
A420 Oprtical Chopper and various application dedicated
detector/filter/input optic configurations. All technical
details such as spectral and spatial responses, measurement
ranges and descriptions have cither been updated,
enlarged or expanded in scope.

International Light
For More Information Write In No. 394

FREE

' CATALOG:
e OFF-THE-
SN SHELF OPTICS
L il Free 130-page product cata-
log from Rolyn, the world’s
largest supplier of “off-the-
shelf ™ optics. 24-hour deliv-
ery of simple or compound
lenses, filters, prisms, mir-
rors, beamsplitters, reticles,
objectives, eyepieces plus thousands of other stock items.
Rolyn also supplies custom products and coatings in pro-
totype or production quantities.

ol Ve

|

Rolyn Optics Co.
For More Information Write In No. 395

several types of laser-effects data
requirements, from public-access infor-
mation through restricted levels includ-
ing classified data.

The US Department of Defense High
Temperature Materials Information
Analysis Center (HTMIAC), which is
operated by the Center for Information
and Numerical Data Analysis and
Synthesis (CINDAS) of Purdue
University, is sponsored by the Defense
Technical Information Center. HTMIAC's
mission is to promote timely dissemina-
tion of information and provide unbiased
data-analytical and evaluative support
on topics within its scope. Laser effects
coverage by HTMIAC concerns laser-
induced damage, damage threshold,
and property degradation following
exposure. Definition of damage, test
methods, and laser-beam parameters
are of course also important. Materials
of interest include aerospace structural
materials, infrared detector materials,
optical system components, insulation,
coatings, and filters, etc.

Data and information are collected
from government reports and, depend-
ing upon the data restriction levels for
each project, from public access litera-
ture available in the form of journal arti-
cles and conference proceedings. For
one project currently under way, HTMI-
AC staff have been visiting government
document repositories to assemble a
laser-effects database covering various
wavelengths on many different materials.
Another current topic of interest is laser-
induced damage-threshold data that
have been published in the open litera-
ture for optical system components. The
databases will be distributed in diskette
form for use on a personal computer.
One version will be a public-access
diskette, and another a classified ver-
sion containing all available information.

Laser use is increasing, especially for
industrial applications. Accessing an
information repository should prove a
much less expensive way of satisfying
data requirements compared to regen-
erating new test data.

The point of contact for this activity is
Dr. R.H. Bogaard of the High Tempera-
ture Materials Information Analysis
Center of the Defense Technical
Information Center. Dr. Bogaard may
be reached at HTMIAC/CINDAS,
Purdue University, 2595 Yeager Rd.,
West Lafayette, IN 47906-1398; (317)
494-9393; FAX (317) 496-1175. For fur-
ther information write in 15 on the TSP
Request Card.

October 1995



NEW LITERATURE

Ve Catalog Optics

oo A for Industry

5 Catalog 195 from Rolyn
Optics Co., Covina, CA,
has 128 pages of reference
data, product offerings, and
specifications for the
house's lines of lenses,
mounts, accessories, and
other components. In-
cluded are simple and com-
pound lenses, photolenses,
enlarging lenses, prisms, flat
and concave mirrors, flats
and glass, neutral density
and other filters, beamsplitters, reticles and gratings, micro-
scopes, mounts, and HeNe lasers.

For More Information Write In No. 815

Narrow-
Linewidth Ti:
Sapphire Laser

A specification sheet for the
SenTinel, the newest addition
to its solid-state laser line from
MPB Technologies, Dorval,
PQ, Canada, says the tunable
flashlamp-pumped Ti:sapphire
laser has the narrowest
linewidth of its kind available.
2995 #= | Itis grating-tunable from 690-
T =emrmm— = | 980 nm with a single set of
mirrors, with a linewidth throughout this range of 0.005 nm.
Additional line narrowing to 0.0005 nm can be achieved
with an optional intracavity etalon.

For More Information Write In No. 816

980-nm Pump
Laser Reference
Lasertron, Burlington, MA,
makes available a specifica-
tion sheet called the "980-
nm Pump Laser Reference
Guide." The pumps are
: used to energize ergium—
= . doped fiber amplifiers for
=====——| long-distance fiber optic
‘ ; telecommunications. The
_' “tzZr— | sheet describes the com-
e pany's 14 980-nm pump
remrmme e ewm= = | products, offered in four
basic packages: longhorn, butterfly, double pump and
"super-cooled" single pump.
For More Information Write In No. 817
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=buleich Icll‘iﬁh-Accuracy

SR Wavelength
P .. | Measurement
o T Burleigh Instruments, Fish-

ers, NY, calls its Model WA-
1500 Wavemeter™ the
most accurate laser wave-
length-measurement instru-
ment available. The specifi-
cation sheet indicates
absolute wavelength mea-
surement accuracy for most

L conti_nuous-wave lasers to +1
Ss=s=========___ | partin 107, or £0.0001 nm
at 1000 nm. Real-time monitoring continuously confirms

actual wavelength as an experiment progresses. Effective
range is from 200-4000 nm.

For More Information Write In No. 818

SensaVac* Series 907
e Analog Convection Transducer A.Ilﬂlﬂg Convec-
(ACT) tion Transducer
The HPS Division of MKS
Instruments Inc., Boulder,
CO, releases a single-sheet
full-color brochure on its
SensaVac® Series 907 Ana-
log Convection Transducer,
a convection-enhanced
Pirani sensor integrated
with an electronic control
R e ‘ circuit. Capable of measur-
® SEET=SpmmmEE SEEEL | ing vacuum pressure from
10-3 to 1000 Torr, the 907
can be used as a system control element, relay, gauge, alarm,
and remote sensor. The brochure describes the 907's oper-
ating principle, specifications, and pricing.

For More Information Write In No. 819

Pressure Measurement Range of 10 to 1,000 Torr
[oe—
W

Making,
Moving, and
Measvuring
Light

The "New Products for
Light Research" catalog
from Oriel, Stratford,
CT, features the com-
pany's latest instruments
for making, moving,
and measuring light,
including  pulsed
sources, nitrogen lasers,
calibrated irradiance
sources, imaging monochromators and spectrographs. Also
included are a full line of UV-IR detectors, CCDs, ICCs,
and fiber optics.

For More Information Write In No. 820
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NEW PRODUCTS

C-Mount
Liquid Crystal
Shutter for
CCD Systems

The CC2200 high-
speed liquid crystal
sﬁutter from Dis-
playtech Inc., Boulder,
CO, meets the C-mount-to-C-mount requirements of high-
performance charge-coupled-device (CCD) camera sys-
tems. It enables exposure times shorter than 200 ps and
frame rates greater than 1 kHz. Contrast ratio is 1000:1, and
IR and/or UV blocking filters can be built in. Based on the
company's ferroelectric liquid crystal technology, the
CC2200 can provide exposure control, reduce blur and
smearing, and replace mechanical shutters, strobe, or flash-
lamp systems.

For More Information Write In No. 801

Diode-Pumped Nd:YAG for
FT-Raman Spectroscopy

Spectra-Physics Lasers, Mountain View, CA, calls its Model
T10-106¢ an advanced diode-pumped CW laser optimized
for high-performance FT-Raman spectroscopy. The Nd:YAG
head is pumped by a 10-W diode bar coupled into a bun-
dle of multimode optical fibers. Pump source is field-replace-
able without realignment, the company says. Output power
is 2.5 W. All diode-pumped products carry a 12-mo. 5000-
hr. warranty.

For More Information Write In No. 802

TE Coolers for Thermal

Viewer Systems

Marlow Industries, Dallas, TX, makes available a broad
line of thermoelectric coolers for thermal viewer systems.
They provide temperature stabilization down to 175 K in
coolecr and uncooled FLIR systems. Marlow says the cool-
ers provide no vibration in the focal plane, high mean time
between failures, and low life-cycle costs.

For More Information Write In No. 803

20a

Gradient Index
Capability for Software

Focus Software Inc., Tucson, AZ, announces that Light-
Path Technologies' LPTPBD lead silicate glass, an axial gra-
dient index (AGRIN) optical material, is to be included in
the materials database of XE and EE editions of Focus's
ZEMAX optical design program. Because this material's
dispersion also varies along the optical axis, the data files con-
tain coefficients describing the variation of Buchdahl coef-
ficients throughout the material, enabling the ZEMAX pro-
gram to compute the index at any wavelength. Focus's
software models lenses, mirrors, tilted and decentered sys-
tems, holograms, diffractive optics, and more.

For More Information Write In No. 804

Laser Diode
Control
Instrumentation

Three new product lines
from Newport Corp.,
Irvine, CA, include tem-
perature controllers, laser
diode drivers, and temperature-controlled mounts. The
Model 300 series thermoelectric temperature controllers
provide control of £0.005 °C over a range of -50-+150 °C.
The Model 500 series drivers span power levels of -50 mA
to 6 A. The series 700 mounts have two 12.5-W TE cool-
ers to control diodes with outputs up to 3 W. The Model
740 telecom mounts allow easy mounting of diodes with
dual in-line and butterfly packaging.

For More Information Write In No. 805

Pulse Genera-
tors for Noisy
Environments

The isolated outputs of
the models PG-9310,
PG-9410, and PG-
9510, making up the new line of power generators from
Quantum Composers Inc., Bozeman, MT, were designed
specifically for electrically noisy environments. Functions
include precise control of pulsewidths and recall of up to
12 savcf configurations. All channels have independently
programmable pulsewidth, delay, and output polarity. Sys-
tem operating modes include continuous, single-shot, exter-
nal trigger/gate, and other special control modes.

For More Information Write In No. 806
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Optical Construction
Plates

AF Optical Co., Trabuco Canyon,
CA, offers optical construction plates
e for component linking and mount-
ing. The system permits the user to detach his setup and
use it as a standalone unit. Plates feature built-in post-mount
capability and precise three-point mounting and adjust-
ment. Tilts and shifts are possible. Researchers can create
setups in the Z direction to expand table capacity, and R&D
setups can be converted to portable show-ready systems.

For More Information Write In No. 807

Visible Laser
Sensors for
Distance
Measvuring
g = bl The visible red laser sen-
=, ~ 8 sors from Aromat Corp.,
= = == New Providence, NJ, join
the company's broad line of IR devices for measuring and pro-
filing distances. Both are triangulation systems, and thus are less
costly than interferometric systems by a factor of 10. Available
as the LM 100 and LM200 series, the sensors offer measurable
ranges from 30-400 mm, small spot size (0.07 x 0.03 mm), and
ease of target positioning because of the visible beam.

For More Information Write In No. 808

Frequency-Doubled Nd:YAG
for Industrial Use

Lee Laser, Orlando, FL, introduces the Model 818TQ/40G,
a high-power frequency-doubled Nd:YAG laser for indus-
trial micromachining. Rated at 25 W average at a pulse rate
of 10 kHz, the laser is intended for applications where the
530-nm wavelength makes possible greater power absorp-
tion or smaller beam focus diameter. Lee's wavelength trans-
fer module enables rapid change between the fundamental
1064-nm wavelength and the 530-nm harmonic.

For More Information Write In No. 809

Photoelectric
Sensor with
Laser Light
Source

Keyence Corp. of
America, Woodcliff
Lake, NJ, calls its
- Model FS-L the first
fiber optic photoelectric sensor to use a laser light source.
The small FS-L amplifier (2.5 in. long x 1.6 in. high x 1.1
in. wide) couples a visible-spot semiconductor laser to a
specially designed optical system to produce a parallel beam
tEat can detect a 10-mm object at a distance of 10 m.
Response time is 0.25 ms.

For More Information Write In No. 810
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High-G Color
Electronic
Camera

Eastman Kodak's new EktaPro
RO (record-only) image cap-
ture device is designed for documenting tests conducted in
severe environments, such as crash-sleds. The company says
it can withstand up to 100 Gs at 10 ms and up to 50 Gs at
100 ms in any axis. The camera's 16-x-16-um pixel size suits
it for computer image analysis applications. It can record
500 512-x-384-pixel images at up to 100 fps, upgradable
to 2000 images next year, Kodak says. Images can be trans-

ferred to a PC with a PCMCIA hard drive.
For More Information Write In No. 811

imcge I;l;;ées;i;ig
with 1000s of
MFLOPs

The SPIRIT-Image PC image
processing system from Sonitech,
Wellesley, MA, is designed for
both digital signal processing
(DSP) and non-DSP program-
mers whose tasks need 100s to
1000s of MFLOPs of computa-
tion. Standard functions and sev-
eral example software routines are included for immediate
out-of-the-box setup and processing.

For More Information Write In No. 812

Laser Eye
Protection
Filters

Glendale Protective
: Technologies, Lakeland,
n FL, has added six absorp-
tive polycarbonate-base
eye protection filters to
its Laser-Gard™, Laser-Med™ and Laser-Line™ series.
The new hard-coated filters are Ti:sapphire, Excimer/CO,,
Laser-Med Argon, Diode I, single-lens Argon/NDGA, and
Argon/Krypton. They come in a variety of frame styles.

For More Information Write In No. 813

Compact
Nd:YAG with
Wavelength
Options

Big Sky Laser, Bozeman,
MT, calls its new Model
CFR 200/MINICE the
smallest, lightest Nd:YAG available. According to the man-
ufacturer, the rugged, environmentally sealed system, designed
for maximum flexibility, versatility, and simplicity, is more
than 70% smaller than other commercial systems. The laser
delivers 200 m] of Q-switched 1.06-um energy at up to 30
Hz. Other wavelengths available are 532 nm, 355 nm, 266
nm, and 1.57 pm.

For More Information Write In No. 814
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@ Computer Programs

COSMIC: Transferring NASA Software

COSMIC, NASA'S Computer Software Management and Information Center, distributes software
developed with NASA funding to industry, other govemment agencies and academia.

COSMIC's inventory is updated regularly; new programs are reported in Tech Briefs. For additional
information on any of the programs described here, write in the appropriate TSP number.

If you don't find a program in this issue that meets your needs, call COSMIC directly for a free
review of programs in your area of interest. You can also purchase the annual COSMIC Software
Catalog, containing descriptions and ordering information for available software.

COSMIC is part of NASA's Technology Transfer Network.

Mathematics and
Information Sciences

C-Language Integrated
Production System,
Version 6.0

CLIPS facilitates the develop-
ment and delivery of expert-
system software.

The C Language Integrated Production
System (CLIPS) computer program pro-
vides a complete programming environ-
ment for developing expert system soft-
ware — programs that are specifically
intended to model human expertise or
other knowledge. CLIPS is designed to
enable research on, and the develop-
ment and delivery of, artificial intelli-
gence on conventional computers.

CLIPS 6.0 provides a cohesive soft-
ware tool for handling a wide variety of
knowledge with support for three differ-
ent programming paradigms: rule-
based, object-oriented, and procedur-
al. Rule-based programming enables
the representation of knowledge as
heuristics — essentially, rules of thumb
that specify a set of actions to be per-
formed in a given situation. Object-ori-
ented programming enables the mod-
eling of complex systems comprised of
modular components (which can be
easily reused to model other systems
or create new components). The pro-
cedural-programming capabilities pro-
vided by CLIPS 6.0 enable the repre-
sentation of knowledge in ways similar
to those of such languages as C,
Pascal, Ada, and LISP. CLIPS 6.0
makes it possible to develop expert
system software by use of rule-based
programming only, object-oriented pro-
gramming only, procedural program-
ming only, or combinations of these
three types of programming.

NASA Tech Briefs, October 1995

CLIPS provides extensive features to
support the rule-based programming
paradigm, including seven conflict-resolu-
tion strategies, dynamic rule priorities, and
truth maintenance. CLIPS 6.0 supports
more complex nesting of conditional ele-
ments in the “if” portion of a rule (“and”,
“or", and “not” conditional elements can
be placed within a “not” conditional ele-
ment). In addition, there is no longer a lim-
itation on the number of multifield slots
that a deftemplate can contain.

The CLIPS Object-Oriented Language
(COOL) provides capabilities for object-
oriented programming. Features sup-
ported by COOL include classes with
multiple inheritance, abstraction, encap-
sulation, polymorphism, dynamic bind-
ing, and message passing. CLIPS 6.0
supports tight integration of the rule-
based programming features of CLIPS
with COOL (that is, a rule can pattern
match on objects created by COOL).

CLIPS 6.0 provides the capability to
define functions, overloaded functions,
and global variables interactively. In addi-
tion, CLIPS can be embedded within
procedural code, called as a subroutine,
and integrated with such languages as
C, FORTRAN, and Ada. CLIPS can be
easily extended by use of several well-
defined protocols. CLIPS provides sever-
al options for delivery of programs,
including the ability to generate stand-
alone executables or to load programs
from text or binary files.

CLIPS 6.0 provides support for the
modular development and execution of
knowledge bases with the “defmodule”
construct. CLIPS modules enable the
grouping together of a set of constructs,
such that explicit control can be main-
tained by restricting access to the con-
structs by other modules. This type of
control is similar to global and local scop-
ing used in such languages as C or Ada.
By restricting access to deftemplate and
defclass constructs, modules can func-
tion as blackboards, permitting only cer-
tain facts and instances to be seen by

COSMIC® —
Timothy L. Peacock, Director
Phone (706) 542-3265;
FAX (706) 542-4807
The University of Georgia,
382 East Broad Street,
Athens, Georgia 30602

other modules. Modules are also used by
rules to provide control over execution.

The CRSV (cross-reference, style, and
verification) utility software included in
previous versions of CLIPS is no longer
included. The capabilities formerly pro-
vided by CRSV are now available directly
within CLIPS 6.0 to aid in the develop-
ment, debugging, and verification of
large rule bases.

COSMIC offers four distribution ver-
sions of CLIPS 6.0: UNIX (MSC-22433),
VMS (MSC-22434), Macintosh (MSC-
22429), and IBM PC (MSC-22430).
Executable files, source code, utility soft-
ware, documentation, and examples are
included on the program media. All distri-
bution versions include identical source
code for the command-line version of
CLIPS 6.0. This source code should be
compilable on any computer equipped
with an ANSI C compiler. Each distribu-
tion version of CLIPS 6.0, except that for
the Macintosh computer, includes an
executable for the command-line ver-
sion. For the UNIX version of CLIPS 6.0,
the command-line interface has been
successfully compiled on a Sun4 com-
puter running SunOS, a DECstation
computer running DEC RISC ULTRIX, an
SGl Indigo Elan computer running IRIX, a
DEC Alpha AXP computer running OSF/I,
and an IBM RS/6000 computer running
AIX. Command-line interface executa-
bles are included for Sun4 computers
running SunOS 4.1.1 or later and for the
DECstation computer running DEC RISC
ULTRIX. The makefiles may have to be
modified slightly to be used on other
computers running UNIX.

The UNIX, Macintosh, and IBM PC
versions of CLIPS 6.0 each include a
platform-specific interface. Source code,
a makefile, and an executable for the
Windows 3.1 interface version of CLIPS
6.0 are provided only on the IBM PC dis-
tribution diskettes. Source code, a make-
file, and an executable for the Macintosh
interface version of CLIPS 6.0 are provid-
ed only on the Macintosh distribution
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diskettes. Likewise, for the UNIX version
of CLIPS 6.0, only source code and a
makefile for an X-Windows interface are
provided. The X-Windows interface
requires MIT's X Window System,
Version 11, Release 4 (XIIR4) or later, the
Athena Widget Set, and the Xmu library.
The source code for the Athena Widget
Set is provided on the distribution medi-
um. The X-Windows interface has been
successfully compiled on a Sun4 com-
puter running SunOS 4.1.2 with the MIT
distribution of XIIR4 (not OpenWindows),
an SGI Indigo Elan computer running
IRIX 4.0.5, and a DEC Alpha AXP

computer running OSF/I 1.2.

The VAX version of CLIPS 6.0 comes
only with the generic command line inter-
face. ASCIl makefiles for the command-
line version of CLIPS are provided on all
the distribution media for UNIX, VMS,
Macintosh, and DOS.

Four executables are provided with
the IBM PC version: a windowed inter-
face executable for Windows 3.1 built
by use of Borland C++ v3.1, an editor
for use with the windowed interface, a
command-line version of CLIPS for
Windows 3.1, and a 386 command-line
executable for DOS built by use of

Our Customers Asked Us To:

----------------------------------------------------------------------------------------

Process
Images
Faster
Than
Real-

Time"

PROBLEM:

The toughest vision applications like
web inspection and object tracking
demand processing that keeps up
with camera or sensor frame rates.
Even the fastest frame grabbers with
the fastest PCs or workstations can't
get the job done.

SOLUTION:

Imaging Technology developed

the Modular Vision Computer 150/40
family for the VME, PCl and PC VL
busses. The 150/40 pipeline
processes 512x512 images through
any combination of vision computa-
tions in under 7.5 milliseconds —

the fastest processing rate available
anywhere, and, faster than real-time!

For a FREE copy of our
MVC 150/40 Product Line Guide:

Call (800) 333-3035

or FAX (617) 275-9590.

iMAGING
lechnology
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« Sweden +46-8-459-1120, » Switzerland +41-1-870-0740, « Taiwan +886-2-392-3170, « United Kingdom +44-628-415-415
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Zortech C++ v3.1. All four executables
are capable of utilizing extended mem-
ory and require an 80386 or better cen-
tral processing unit (CPU). Users who
need executables on 8086/8088 or
80286 CPUs must recompile the CLIPS
source code themselves. Users who
wish to recompile the DOS executables
by use of Borland C++ or Microsoft C
must use a DOS extender program to
produce an executable capable of using
extended memory.

The version of CLIPS 6.0 for IBM PC-
compatible computers requires DOS
v3.3 or later and/or Windows 3.1 or later.
It is distributed on a set of three 1.4-MB,
3.5-in. (8.89-cm) diskettes. A hard disk
is necessary. The Macintosh version is
distributed in compressed form on two
3.5-in. (8.89-cm), 1.4-MB Macintosh-
format diskettes, and requires System
6.0.5 or higher, plus 1 MB of random-
access memory. The version for DEC
VAX/VMS is available in VAX BACKUP
format on a 1,600-bit/in. (630-bit/cm), 9-
track magnetic tape (standard distribu-
tion medium) or a TK50 tape cartridge.
The UNIX version is distributed in UNIX
tar format on a 0.25-in. (6.35-mm)
streaming-magnetic-tape cartridge (Sun
QIC-24). For the UNIX version, alternate
distribution media and formats are avail-
able upon request.

The CLIPS 6.0 documentation in-
cludes a user’s guide and a three-vol-
ume reference manual that consists of
basic and advanced programming
guides and an interfaces guide. An
electronic version of the documenta-
tion is provided on the distribution
medium for each version: in Microsoft
Word format for the Macintosh and PC
versions of CLIPS, and in both
PostScript format and Microsoft Word
for Macintosh format for the UNIX and
DEC VAX versions of CLIPS. CLIPS
was developed in 1986 and version
6.0 was released in 1993.

This program was written by Gary
Riley, Brian Donnell, Huyen-Anh Bebe Ly,
and Chris Ortiz of Johnson Space
Center.

For further information on MSC-22429,
write in 226 on the TSP Request Card.

For further information on MSC-22430,
write in 227 on the TSP Request Card.

For further information on MSC-22433,
write in 228 on the TSP Request Card.

For further information on MSC-22434,
write in 229 on the TSP Request Card.
MSC-22429/MSC-22430/MSC-
22433/MSC-22434.
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Move to the Plus Side of Math —

IMSL. Math Module

for C++ ...

positively the easiest way
to develop technical applications!

Get your math from the math experts.

Now the object-oriented development tools you need are available from the name you have
relied on for nearly 25 years for numerical analysis and technical application development.

The IMSL Math Module for C++ is the first release from Visual Numerics’ new family of
object-oriented development tools, Visual Numerics’ ObjectSuize™.

The IMSL Math Module for C++ uses the power and flexibility inherent in the C++ language to
greatly reduce coding requirements. The combination of powerful algorithms and ease-of-use makes
the IMSL Math Module for C++ ideally suited for object-oriented programmers building business,
scientific, and research applications. The Module’s object-oriented interface provides a natural algebraic

approach to mathematical programming.
Here’s why you should build your applications

» Includes classes in a variety of precisions for with the IMSL Math Module for C++:
* complex arithmetic You will
® vectors
® matrices (symmetric, positive definite, general) » dramatically decrease your
* matrix decomposition development time.
(QR, LU, Cholesky, SVD, Diagonal Pivoting) » save thousand of dollars in design,
* interpolation and approximation testing and maintenance.
¢ pseudorandom number generation » get compreh_ensive online
(uniform, normal, Poisson, gamma, beta, exponential) documentation.
» Conforms to established conventions of C++ programming. » save- no fees for run-time licenses.
» Built upon efficient algorithms. » develop object-oriented cross-
» Includes comprehensive online documentation. platform solutions.

See why over 250,000 developers worldwide use IMSL

for mission-critical applications.

i {,‘&Eﬁ‘;‘giif;*@%;‘d{‘,{‘\?;‘;i}%W‘“‘“’“’* Wi Get your math from the math experts. Call today!
® Sun Microsystems and Hewlett-Packard
workstations 1 -800-364-8880

e Coming soon for Windows 95
« Visual Numerics'

Supported systems:

phone (713) 954-6785 fax (713) 781-9260

I M SI Fortran and C/C++ PURIFY'd. e-mail: marketing@houston.vni.com
Application Development Tools http://www.vni.com
Visual Numerics and IMSL are registered trademarks and ObjectSuite is a trademark of Visual Numerics, London +44 (0) 1753-790600 - Parls +33-1-46-93-94-20
Inc, Windows, Windows NT and Windows 95 are trademarks of Microsoft Corp. All other product names Stuttgart +49-711-13287-0 + Taiwan 886 (0) 2-727-2255 - Tokyo +81-3-5689-7550

are trademarks of their respective owners.
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More 1han
Meets The Eye
Kevex X-Ray...

Microfocus radioscopy
is only the beginning.

Our specialized x-ray k<
sources are widely used for:

Gauging/Process Control
¢ On-line Metal Thickness

» Paper Composition

* Plating Thickness
XRF/Diffraction

« Chemical Analysis

« Stress Measurement

* Thin Film Characterization

Radioscopy

» Microelectronics & PCB Inspection
 Multilayer PCB Registration

« Aerospace Failure Analysis

* Clinical Fluoroscopy

« Stereotaxic Surgery

* Bone Density Scans

A full line of specialized x-ray sources.

Kevex X-Ray offers a complete spectrum of specialized

x-ray sources: from our industry leading KM125 and KM160
microfocus series to our patented PXS™ integrated sources,
high stability x-ray tubes and modular power supplies.

Unique problems require unique solutions.
Over 3000 installations worldwide attest to the fact that Kevex
X-Ray products are designed to help detect problems in
industry and medicine. If you have a specific x-ray need,
call Kevex X-Ray for the solution at 408-438-5940.

KEVEX X-RAY, INC.
320 El Pueblo Road
Scotts Valley, CA 95066
Tel: 408-438-5940
Fax:408-438-5892
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Instruments

The family of specialized solutions
For More Information Write In No. 425

Pairwise-Comparison Software

This program collects similarity data
for psychometric scaling and
cognitive research.

PWC (which stands for “pairwise comparison”) is a comput-
er program that collects data for psychometric scaling tech-
niques now used in cognitive research. The cognitive tasks and
processes of human operators of automated systems are con-
siderations that now figure prominently in the process of defin-
ing requirements for such systems. Recent developments in
cognitive research have emphasized the potential utility of such
psychometric scaling techniques as multidimensional scaling
for representing human knowledge and cognitive processing
structures. Such techniques involve collecting measurements
of stimulus-relatedness from human observers. When data are
analyzed according to these scaling approaches, an n-dimen-
sional representation of the stimuli is produced. This represen-
tation is said to describe the subject’s cognitive or perceptual
view of the stimuli.

PWC applies the technique of pairwise comparisons, which
is one of the many techniques commonly used to acquire the
data necessary for these types of analyses. PWC administers
the task, collects the data from the test subject, and formats
the data for analysis. It thereby addresses many of the limita-
tions of the traditional “pen-and-paper” methods. By automat-
ing the data-collection process, PWC prevents subjects from
going back to check previous responses, eliminates the possi-
bility of erroneous transfer of data, and eases the burden of
administering and taking the test in which the data are
acquired. By use of randomization, PWC ensures that subjects
see the stimuli pairs in random order, and that each subject
sees pairs in a different random order.

PWC is written in Turbo Pascal v6.0 for IBM PC-compatible
computers running MS-DOS. The program has also been suc-
cessfully compiled with Turbo Pascal v7.0. A sample exe-
cutable code is provided. PWC requires 30K of random-access
memory for execution. The standard medium for distribution of
this program is a 5.25-in. (13.335-cm), 360K MS-DOS-format
diskette. Two electronic versions of the documentation are
included on the diskette: one in ASCIl format and one in MS
Word for Windows format. PWC was developed in 1993.

This program was written by Wendell R. Ricks of Langley
Research Center. For further information, write in 160 on the
TSP Request Card. LAR-15143

Software for Computing Reliability
of Other Software

Nonspecialists will likely prefer
this program to others developed
for the same purpose.

The Computer Aided Software Reliability Estimation (CASRE)
computer program is a software tool developed for use in mea-
suring the reliability of other software. CASRE is easier for non-
specialists in reliability to use than are many other currently
available programs developed for the same purpose.

During the past 20 years, mathematical models of the relia-
bility of software have been developed; these models can be
used to predict the rates of failure of software systems. These
models can be useful management tools during testing peri-
ods, enabling developers to (1) determine when the required
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These won’t save you time or money...
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A CAE package that
provides immediate product-
ivity and saves prototyping
dollars is very hard to find.
With our line of fully inte-
grated BEM electromagnetic
simulation software, we can
help.

Each of our packages is
designed around three basic
principles: advanced technol-
ogy, productivity and excep-
tional customer service.

B-Field Bands: Periodic condition
on a magnetic clutch for arbitrary
rotor position.

Advanced Technology
“I have analyzed literally hun-
dreds of linear and non-linear
electromechanical devices
with IES software. It has
become an invaluable tool to
me, as it’s so much easier to
work with than FEM software.
Unlike FEM, BEM software
does not necessitate any re-
griding of the problem when
one medium is being rotated
or translated with respect to
another, which results in a
significant time saving.”

Dr. Kent Davey

American Maglev
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Progressive features like our
automatic/adaptive boundary
element refinement, relative
error detection, 3D symmetry
conditions and a consistent
graphic interface give you the
most advanced programs
available anywhere.

Torque vs. position curves for
optimal motor design are readily
calculated.

Productivity

“IES BEM programs have con-

sistently outperformed the
seven FEM packages | have
evaluated in the past few
years. The operator interface
of IES programs allows for
immediate productivity, where

there is a significant learning
curve involved in all FEM
packages.”

Nicholas F. Campagna

Consultant

We have set up sample prob-
lems for you to work through
along with databases of
solved problems comparable
to conventional industry-spe-
cific needs. Shorten the steps
to your solution with IGES or
DXF geometry translators and
parametric definitions.

Customer Service

“IES has consistently impres-

sed us with their speed of

4 PROMNITYEEEREES 510)
;“n\www .
fm_u* »
ERGED

response and strong commit-
ment to work with us on
unique problems.”

Jim Aydelotte
Dynacast Magnetics

On-line help, full technical
support and two complete
program enhancements each
year keep you on the cutting
edge of CAE design and
analysis.

Load a single diskette or tape
onto your PC or workstation.
Within one day you will begin
working on your own prob-
lems. In just a week, even the
most sophisticated 3D design
solutions are yours. We give
you our word. And so have our
customers.

L

Use BEM to solve non-linear
eddy current problems.

Call today for your 30-day no-charge
software evaluation.

INTEGRATED
ENGINEERING SOFTWARE

TEL: (204) 632-5636 FAX: (204) 633-7780
e-mail: info@integrated.mb.ca

For More Information Write In No. 511



reliabilities of software systems have
been achieved, (2) estimate the times
and efforts necessary to achieve
required levels of reliability, and (3) quan-
titatively assess the effects of shortages
of resources during testing periods.

CASRE incorporates the mathematical
modeling capabilities of the public-
domain Statistical Modeling and
Estimation of Reliability Functions for
Software (SMERFS) computer program
and runs in a Windows software environ-
ment. CASRE provides a menu-driven
command interface; the enabling and
disabling of menu options guides the
user through the (1) selection of a set of
failure data, (2) execution of a mathemat-
ical model, and (3) analysis of the results
from the model.

Input to the models is simultaneously
displayed as text and in a high-resolu-
tion form that can be controlled to
enable the user to view the data in sev-
eral different ways; for example, times
between successive failures or cumula-
tive numbers of failures. Predictions
made by a model and statistical evalua-
tions of the applicability of a model can
be superimposed on a plot of data used
as input to the model.

CASRE also incorporates earlier find-
ings that the accuracy of prediction can
be increased by combining the results
of several models in a linear fashion.
Users can define their own combina-
tions of models, store them as part of
the software configuration, and execute
them in the same way as that of any
other model.

This program would be particularly
useful to software-development organi-
zations searching for ways to manage
their development resources more
effectively. Inasmuch as CASRE was
developed with the nonspecialist in
mind, it should gain wider acceptance
than do those software tools that require
detailed knowledge of the models.

CASRE is written in C language for
IBM PC-series and compatible com-
puters running MS-DOS v5.0 or higher.
This program requires 1MB of disk
space for installation and up to 64KB
of disk space for every failure-history
file. The minimum required hardware
and software required for running
CASRE is the following: an 80386
processor with an 80387 coprocessor;
Windows 3.1; 4MB of random-access
memory (RAM); a mouse, trackball, or

equivalent pointing device; a 16-in.
(41-cm) or larger VGA monitor; and a
video circuit card supported by
Windows 3.1. Although CASRE can be
executed on this minimum required
hardware and software, the minimum
combination of hardware and software
recommended for execution of CASRE
is the following: a 66-MHz 80486 DX/2
hardware system; Windows 3.1; at
least 8MB of RAM; a mouse, trackball,
or equivalent pointing device; a 19-in.
(48-cm) VGA monitor; and a laser
printer with a resolution of at least 300
dots per inch (12 dots per millimeter).
CASRE may not function correctly on
hardware based on the local bus archi-
tecture. The standard medium for dis-
tribution of CASRE is a 3.5-in. (8.89-
cm), 1.44MB MS-DOS-format dis-
kette. CASRE was developed in 1993
and is a copyrighted work with all
copyright vested in NASA.

This program was written by Allen
Nikora, Thomas M. Antczak, and Michael
Lyu of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further infor-
mation, write in 3 on the TSP Request
Card. NPO-19307

True 31.5 KHz output

Multiple adjustable
anti-flicker filters

Video keying

Simple fron pael

menu control

You’re looking at the two best auto-sync
video scan converters available anywhere.
Both can turn your high-resolution desktop
workstation, PC or Mac presentations into
broadcast-quality videos. On top, the 9500SR
is built for absolute control and flexibility. It’s
the most powerful scan converter made. Period.

Details. Details. Details.

Remote RS-232
front panel control

Folsom

RESEARCH

Dynamic pan

and zoom

Expand, reduce or
position your images

Below is our 9400]JR, built for the same top
performance and excellent picture quality, minus
some of the features. It’s the most affordable
professional broadcast-quality scan converter
. made. So call for our free demo now. It’s the
only way you’ll see so many powerful features.
Call 916.983.1500 or fax 916.983.7236.

Engineered For Professionals
526 East Bidwell Street, Folsom, CA 95630-3119.

Beta Cam output

Supports interlaced &
non-interlaced sources
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Count it! Measure 1t! Stat it!
Fit it! Plot it! We've got it!

Introducing the latest generation of the Jandel software family

Jandel Scientific Software announces a new generation of our product family-including many fast new 32-bit versions for Windows 95
and NT. Now, with OLE 2, you can use a Excel spreadsheet inside SigmaPlot and SigmaStat — or you can directly edit an embedded graph
within Microsoft Word. Jandel Scientific - the leading family of scientific and engineering software since 1982.

BLE SCIENTIFIC
GRAPHING
From nonlinear regressions to
multiple axes per graph, more
than 75,000 researchers depend
on award-winning SigmaPlot’s
flexibility and power to analyze
and graph their technical data
the way they need to.

Mac 625 Win 626

Gel

Sigma
%IT] ANALYSIS SOFTWARE

Gel analysis—spot, lane, molec-
ular weight, and DNA-on your
lab or office PC.Works with
inexpensive hand or desktop
TWAIN-compatible scanners
and imaging devices. Quality
and speed previously available
only in higher priced systems.

Write In No. 630

Advises on the test to use,
checks for violations in under-
lying assumptions, runs the
test, and explains the results.
Handles messy data. Like hav-
ing a professional statistical
consultant at your fingertips.

Write In No. 627

AUTOMATED NONLINEAR
PEAK SEPARATION

AND ANALYSIS

Automatically smoothes, finds,
separates, fits, and analyzes
Spectroscopic, Chromatographic,
and Electrophoretic peaks.

91 built-in equations. Up to

15 UDFs. Advanced baseline

subtractmn and much more..
Write In No. 631

SigmaScan

IMAGE MEASUREMENT
SigmaScan Pro
IMAGE ANALYSIS

Easy, accurate and low-cost.
SigmaScan for manual image
measurements or SigmaScan
Pro for automated measure-
ments, counting, and image
analysis.

Write In No. 628

TableCurve 2D & 3D
AUTOMATED EQUATION
DISCOVERY AND FITTING
FOR EMPIRICAL DATA

2D fits 3,456 equations (XY)
3D fits 453,697,365 (XYZ)
They statistically rank each fit
and allow the user to pick the
best one, including up to 15
UDFs. All in seconds!

Write In No. 632

SigmaSuit
uﬁc’}&:‘%},%nmm,

STATISTICS & IMAGE
MEASUREMENT

The power of SigmaPlot,
SigmaStat, and SigmaScan at a
Suite price! Measure images, run
statistics, and create graphs using
SigmaLink for seamless data
sharing in all three products.

Write In No. 629

Visual Display
Graph Library

Dr. Edward Tufte designed

The Visual Display Graph
Library using the unique flexi-
bility of new SigmaPlot. This
new graph library includes:
The Visual Display of Quantitative
Information book, data density
meter, style guidelines, fonts,
and templates.

TO GET IT CALL 1-800-4-JANDEL (1-800-452-6335) Write In No. 633

FOR MORE INFORMATION PLEASE CALL, FAX OR E-MAIL:
Jandel Scientific: 2591 Kerner Blvd., San Rafael, CA 94901
415-453-6700 Fax 415-453-7769 Internet: sales@jandel.com
In Europe: Jandel Scientific, Schimmelbuschstrasse 25, 40699
Erkrath, Germany 02104/9540 02104/95410 (FAX).

International Dealers: Australia 2 958 2688, Brazil 11 453 5588,
Canada 519 767 1061, Chile 56 2 635 2422, Hong Kong 852 739 2001,
India 40 31 3368, Israel 972 349 0823, Japan 3 3590 2311, 3 5689 8000,

Korea 822 886 3983, Kuwait 965 242 1851, Malaysia 603 777 2597,
Mexico 525 513 0399, South Africa, 12 660 2884, Taiwan 2 788 6777,
27051590 All company and/or product names are trademarks of their

respective companies. ©1995 Jandel Corporation.

Jandel

SCIENTIFIC SOFTWARE



Ceramic Replaces Metal in High Performance

Optomechanical Structures
Ceramic components feature dimensional stability, low cost,

and ease of fabrication.

Langley Research Center, Hampton, Virginia

Recently developed ceramic materi-
als and fabrication techniques have been
integrated by Langley Research Center
workers to produce superior optome-
chanical structures for spacecraft and air-
craft instrumentation. The basic features
of these novel supports, such as dimen-
sional stability, low cost, and ease of fab-
rication, also make them ideal for many
commercial optical systems as well.

aluminum; but they are heavy, expen-
sive, and difficult to machine. In fact,
much of the weight of optical systems is
attributable to metal mounts.

Certain ceramics, on the other hand,
have coefficients of thermal expansion
lower than those of stainless steel and
Invar, with density like that of aluminum,
and they cost far less — about $10/Ib
(about $22/kg) versus $1,000/Ib

Figure 1. A Dimensionally Stable Optical Mount (left) is shown with a master pattern (right)

and a silicone rubber mold (center).

Ceramic supports for optical compo-
nents and benches offer important
advantages over the usual metal parts.
Ceramic materials expand and contract
only slightly with changes in tempera-
ture. Moreover, they are relatively inex-
pensive and lightweight.

Nearly all optical components are
mounted on supports and benches
made of aluminum, stainless steel, or
Invar (or equivalent) nickel/iron low-
expansion alloy. Aluminum is lightweight,
but expands and contracts significantly;
its coefficient of thermal expansion at
room temperature is 2.5 x 10°/°C. In
optics, where precise alignments are
essential, temperature-related dimen-
sional changes can make a system
inoperable. Stainless steel and Super
Invar (or equivalent) have low coefficients
of thermal expansion, about one-third
and one-fifth, respectively, of that of

74

($2,200/kg) for Invar and $50/Ib
($110/kg) for aluminum (1992 prices).
Ceramics expand and contract only neg-
ligibly with changes in temperature and
can thus be slip cast at Langley Research
Center without temperature control.
Dimensionally stable optical mounts (far
left of Fig. 1) and benches (Fig. 2), have
been fabricated using a slip-casting tech-
nique. Slip casting is defined here as a
process that consists of a slip (ceramic
powders dispersed in an aqueous media)
being poured into a porous mold, which
extracts a large percent of the liquid from
the slip leaving a semisolid part.
Developing a porous mold requires that
a master pattern of required dimension be
machined from aluminum, which is inex-
pensive, lightweight and easy to machine
(far right of Fig. 1). Extreme importance
was placed on design and preparation
of the master, since it is the most impor-

tant item in producing the mold.

The first step in producing a slip cast
ceramic part is to fabricate a silicone
rubber mold (middle of Fig. 1). Silicone
rubber was used as the mold material
because the silicon acted as a release
agent for the molded parts. Hot wax
was poured into the mold to produce a
wax master. A quality inspection
(dimensional and visually) is performed
on the wax master upon its removal
from the mold.

The wax master is encapsulated in a
moisture-absorbing compound. The
wax is burned out, leaving a dimension-
al cavity equal to that of the master. A
ceramic slip is poured into the cavity
and allowed to jell (1 to 2 h) before
removing the mold. Because the mold
becomes more plastic with increasing
water absorption, it can be peeled off of
the green ceramic body, regardless of
the ceramic body shape.

A note of caution: If the ceramic part is
placed in the furnace before final drying,
the remaining moisture will turn to steam,
and its volume will increase several hun-
dred times. This steam wil generate
tremendous pressure within the ceramic
part and explode or crack. To avoid
explosions or cracks, the air around the
piece must be totally saturated with
water vapor as the temperature is raised
to remove remaining moisture. No sur-

Figure 2. This Ceramic Optical Bench was
fabricated via slip-casting technique.
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If you need a latch
anywhere m this
neighborhood,
ave us a call.

WeTe local.

One benefit that’s becoming increasingly important to many of our OEM customers today
.is our worldwide accessibility. Not just accessibility to our full line of latches a
and access hardware. But, even more important, accessibility to our design ¥
partnership programs. Programs that can provide designers with easily accessible engineering
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hardware needs. Support that includes CAD drawing files of our products to facilitate
their design efforts. Factory-trained field sales and engineering service—at their service.
Product ./ modifications and prototyping. Support that can free up a designer to work
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Invesﬁgme
a New Approach

to Scientific

Data Analysis

Use Analysis Advisor"

nalysis Advisor is a free interactive
analysis software tutorial that includes
demonstrations of graphical and
traditional programming methodologies for
analysis. Using this interactive tutorial, you
can investigate:
« Digital signal processing
» Digital filtering
* Windowing
* Curve fitting
» Signal averaging
» Simulation
* Interpolation
* Descriptive statistics
» Speed benchmarks

Analysis Advisor requires Windows 3.1 and 8 MB of memory.
Call forFREE Anlysi Adviso Software
(800) 433-3488 (US ond Concdo) | ;‘l‘
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The Sqﬁwnn is the Instrument ®

6504 Bridge Point Parkway
Austin, TX 78730-5039

Tel: (512) 7940100

95 (800) 010 0793 [Mexicol
Fax; (51

2) 794-8411

face evaporation can then occur. After the
piece has reached uniform temperature
(below 100 °C), the relative humidity of
the air around the piece can be slowly
lowered to allow drying to occur.
Careful control of the temperature and
humidity in the dryer is important. The
dried piece is fired in a furnace, which

can increase temperature at less than
1 °F/min (0.6 °C/min).

This work was done by Peter Vasquez,
Robert L. Fox, and Stephen P. Sandford
of Langley Research Center. No fur-
ther documentation is available.
LAR-14948/L AR-14981

Optoelectronic Inclinometer
Tilt would be measured with respect to a vertical mirror.
Langley Research Center, Hampton, Virginia

For More Information Write In No. 427

A proposed optoelectronic instru-
ment would measure the tilt of an object
about a single horizontal axis by mea-
suring the change of position and orien-
tation of a laser beam reflected from a
hanging mirror. The mirror would remain
vertical while the rest of the instrument
rotated with the object.

The instrument (see figure) would in-
clude a rectangular open frame mounted
in the object, the tilt of which was to be
measured. The mirror, made of heavy
material or weighted, would be mounted
in high-quality bearings in a gimbal that
would, in turn, be held by a rod pivoted
at its upper end. Thus, the rod, gimbal,
and mirror taken together would consti-
tute a pendulum. The frame or enclosure
would be oriented so that the gimbal axis

would be nominally parallel to the axis
about which the tilt was to be measured,
while the pivot axis of the pendulum
would be nominally horizontal and per-
pendicular to the gimbal axis.

Acting via the combination of the pen-
dulum and gimbal, gravitation would
keep the mirror vertical when the frame
tilted about either or both horizontal
axes. A source of light (e.g., a laser
diode or a light-emitting diode equipped
with a collimating or focusing lens)
would emit a beam that would be
reflected from the mirror onto a linear
array of photodetectors. The source of
light would be oriented so that at zero
tiit, both the beam of light from the
source and the beam reflected by the
mirror would lie in a horizontal plane,
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The Optoelectronic Inclinometer would measure tilt about the gimbal axis by measuring the
change in position and orientation of the beam of light reflected from the mirror hanging in

the gimbal.
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and the reflected beam would land at or
near the midlength of the linear array of
photodetectors. As the object and the
instrument frame tilted about an axis
parallel to the gimbal axis (pitch), the
spot of light cast by the reflected beam
would be translated along the array. Tilt
of the object and instrument frame
(about the pivot axis of the pendulum
(roll)) would produce a small (second-
order) change in the position of the spot
with respect to the array, but this effect
may be tolerable at small tilt angles. The
maximum amount of tilt about the pivot
axis of the pendulum that the instrument
could tolerate would depend on the size
of the mirror and the physical size of the
linear array and the spacing of the com-
ponents. A compensating lens could be
included to correct for nonlinearity and
to ensure that the beam continued to fall
on the array throughout the desired
angular range of the instrument.

This work was done by Timothy D.
Schott of Langley Research Center.
No further documentation is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Langley Research Center; (804) 864-9260.
Refer to LAR-14728.

More About
Pressure Probes

for Turbulent Flows

An array of probes yields data
on static and total pressures
and cross-stream turbulence.

Ames Research Center,
Moffett Field, California

The figure illustrates an array of pres-
sure probes for use in a turbulent stream
of inviscid, incompressible fluid. The
measurements of the probes in this array
can be processed into time-averaged
values of the static pressure, the total
pressure based on the entire velocity, the
stagnation pressure based on the time-
averaged streamwise component of
velocity (along which the probe tubes
are required to be aligned), and cross-
stream turbulence.

The array is a combination of the sep-
arate pressure-probe arrays described in
“Measuring Streamwise Momentum and
Cross-Stream Turbulence” (ARC-11934),
NASA Tech Briefs, Vol. 16, No. 8,
(August 1992), page 53, and “Probe
Rakes To Measure Static Pressure and
Turbulence” (ARC-12973), NASA Tech
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Briefs, Vol.18, No.9, Sept. 1994, page 106.
To recapitulate: Each probe is designed
by applying potential-flow theory to the
flow field on and near its surface. An
upstream-facing probe orifice can be
shaped to sense the stagnation pressure
based on the entire velocity or on one or
more components of velocity — in this
case, the streamwise component. An ori-
fice on the side of the probe tube down-
stream from the tip can be positioned to
sense a combination of static pressure
and pressure attributable to cross-
stream turbulence. The cross-sectional
shape of a probe tube can be made ellip-
tical, and the probe orifices positioned
around the circumference in such a way
as to increase or decrease, by a known
factor, its response to one of the compo-
nents of cross-stream turbulence.

The equations that express the direc-
tional responses of the various probes in
the array can be solved together to elimi-

nate unknown quantities; this makes it
possible to process the digitized time-
averaged probe readings together to
obtain the time-averaged static, stagna-
tion, and cross-stream-turbulence pres-
sures. In the case of the five-probe array
shown in the figure, one obtains the time
averages of the two stagnation pressures,
plus redundant values of the time-aver-
aged static pressure and the time-aver-
aged cross-stream-turbulence pressures.

This work was done by Vernon J.
Rossow of Ames Research Center.
For further information, write in 80 on
the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to the
Patent Counsel, Ames Research Center;
(415) 604-5104. Refer to ARC-11935.
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These Five Pressure Probes yield readings from which one can compute time averages of
the entire and streamwise stagnation pressures, the static pressure, and the pressures asso-
ciated with the two components of cross-stream turbulence. The three lower probes yield
data that are redundant (in principle) and that could, therefore, be used to reduce errors.
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Quick-Release Pin With Lever Action
The mechanism can be operated with a gloved hand.
Lyndon B. Johnson Space Center, Houston, Texas

The figure illustrates original and mod-
ified versions of a quick-release ball-
detent pin with a T-handle. The original
version is a commercially available

mechanism called a “pip pin,” and is
released by pressing the button on the
handle. The original version is advan-
tageous in that it resists inadvertent
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Press or Squeeze
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o 05)
T

Lt
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The Lever-Action Quick-Release pin can be operated more easily; release can be effected
with less force and with simpler gripping configurations that are more suitable for gloved hands.
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actuation. However, it is disadvanta-
geous in that the operator must exert
a force on the button, usually by
pressing on the button with a thumb
while simultaneously grasping the T-
handle with at least two other fingers;
this can be difficult to do, especially
when wearing a heavy glove.

In the modified version, a lever has
been added to the handle to facilitate
actuation. The lever action reduces
the actuation force. In addition, one is
no longer limited to use of a thumb
and at least two fingers to exert the
reduced actuation force; the lever-
action pin can also be operated by
squeezing on any point of the move-
able ends of the lever and handle
together between a thumb and fore-
finger or by simply grasping and
squeezing the handle and lever with
the entire hand in a more natural
grasp. Tests showed that the modified
release pin can be operated easily
with a gloved hand.

This work was done by Robert C.
Trevino of Johnson Space Center. For
further information, write in 29 on the
TSP Request Card. MSC-22398

Calibration Valve
With Built-In

Test Port

Lyndon B. Johnson Space
Center, Houston, Texas

A calibration valve includes a built-in
test port for calibrating control-panel
gauges in place, without having to
remove them for calibration. The use of
this valve reduces the number of plumb-
ing parts and thus the number of poten-
tial leakage points. In addition, the appli-
cation of the calibration valve saves
time when calibrating the control-panel
gauges or transducers and prevents
damage or loss of the instruments by
not having to remove them from the
control panel for calibration.

This work was done by Carmine A.
Pilichi of Rockwell International Corp. for
Johnson Space Center. For further
information, write in 85 on the TSP
Request Card. MSC-22410
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# Machinery

Inflatable Pole

This portable device extends reach up to 20 ft (6 m).
Lyndon B. Johnson Space Center, Houston, Texas

An inflatable pole is a lightweight, inflated length. The pole was developed use the pole to reach a grapple on the
portable tool for reaching an object at a for use as a self-rescue device by an spacecraft and pull to it. The pole might
height or across a gap. When not in use, astronaut who becomes untethered out- also be useful on Earth as a rescue de-

the tool collapses to 3 to 5 percent of its side a spacecraft: the astronaut would vice or in performing routine tasks like
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Before Deployment, the inflatable tube is neatly pleated in the space between the shaper tube and the fabric sheath. After deployment,
it extends stiffly from the barrel of the gun.
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changing a high light bulb without a ladder.

The pole includes a 2-in.-diameter (10-
cm-diameter) tube of urethane-coated
Kevlar (or equivalent polyester) fabric.
Before use, the tube is bunched on a
shaper rod in a gas gun (see figure). To
deploy it, a user presses the trigger of the
gun releasing a regulated 30-psi (0.21-
MPa) blast of nitrogen from a separate
bottle. The gas inflates the tube. A fabric
cover prevents snagging and ensures
that the tube emerges straight.

The operator can stop deployment of

the tube at any point up to its maximum
20-ft (6.1m) extension by releasing the
trigger: this action applies the brakes on
the gun barrel. The operator thus con-
trols the length of the pole. Once
deployed, the tube remains inflated and
stiff while the operator uses It. The tube
weighs only about 7 oz. (0.2 kg); thus, it
has low inertia when extended, so that it
can be maneuvered easily.

When the task with the inflatable pole
has been completed, the operator opens
a vent valve to deflate the tube. The oper-

ator then opens the gun, removes the
fabric cover, and repacks the tube.

This work was done by Scott A. Swan
of Johnson Space Center. For further
information, write in 76 on the TSP
Request Card.

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to the
Patent Counsel, Johnson Space Center;
(713) 483-4871. Refer to MSC-22244.

Estimating Vibrational Powers of Parts

in Fluid Machinery

Vibrations of components are taken to be governed by local physics of flow.
Lewis Research Center, Cleveland, Ohio

In a new method of estimating the
vibrational power associated with a
component of a fluid-machinery sys-
tem, the physics of flow through (or in
the vicinity of) the component is regard-
ed as governing the vibrations. The
method was devised to generate scal-
ing estimates for the design of new
parts of rocket engines (e.g., pumps,
combustors, nozzles) but is also appli-

cable to terrestrial pumps, turbines, and
other machinery in which turbulent
flows and vibrations caused by such
flows are significant.

The new method stands in contrast to
several prior methods in which the vibra-
tional powers associated with the com-
ponents were estimated by scaling from
global variables (e.g., engine thrust or
exhaust velocity). In the new method, it
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is assumed that the scaling law is

Glow _ Ght
Psnew Psrs'

where G® denotes the mean-square
local vibrational power, P denotes the
specific power (that is, the power per
unit mass) of the pump or other com-
ponent, the subscript “new” denotes
the new component for which the esti-
mate is sought, and the subscript “ref”
denotes a similar preexisting reference
component (e.g., a pump of similar, but
not identical design), the vibrations of
which have been measured.

The specific power of a pump or other
component for use in equation is given by

3
p:ﬁ
M

where K is a lumped parameter that
summarizes the effects of the flow
geometry in or about the component, Q
is the volumetric flow rate, and M is the
mass of the component. The lumped
parameter is given by

X=Xy 3
1 1
1 |%] ma*

X¢

where A(x) = the local cross-sectional
area presented to the flow at position x,
L(x) = the local characteristic length in
the plane of A(x) (e.g., separation be-
tween a pump impeller and pump
housing) perpendicular to the flow, and
X; = the length of the flow path through
the component.
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Of course, this method of scaling is only approximate: strict-
ly speaking, the use of K is valid only if the fluid has constant
density (is incompressible). The validity of the method also
depends on the assumption that the fluid flows quasi-steadily
and that the flow gives rise to uncorrelated acoustic powers in
different parts of the pump. Despite these limitations, when the
method was applied to data from five different rocket-engine
turbopumps, the processed data all lay near one straight line
on a logarithmic plot (see figure).

This work was done by S. A. Harvey and L. C. Kwok of
Rockwell International Corp. for Lewis Research Center. For
further information, write in 10 on the TSP Request Card.
LEW-15194
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Data Pertaining to Five Turbopumps under various operating con-
ditions cluster around a line that approximates the new scaling law.

Testing and Analysis of
Rubbing of Turbine-Blade Tips

A combination of established techniques has
been applied to a modern design problem.

Marshall Space Flight Center, Alabama

A unique combination of established techniques of experi-
mentation and theoretical analysis has been devised to study
the stresses induced in turbine blades by intermittent or peri-
odic rubbing of the tips of the blades in turbine housings.
Rubbing is an inevitable consequence of modern high-speed,
high-efficiency turbine designs, which call for blade-tip clear-
ances to be as small as possible: this is because thermal and
centrifugal growth of blade-tip radii during operation sometimes
reduces the already small blade-tip clearances to zero. It is
necessary to quantify the stresses caused by rubbing in order
to predict the fatigue lives of the blades.

In the initial application, the theoretical analysis involved time-
domain numerical simulation of the responses of the blade to
various rubbing excitations. For this purpose, the blade was
represented by a conventional, linearly responding finite-ele-
ment mathematical model. The simulated rubbing excitation
was a once-per-revolution half sine pulse of tangential force at
the blade-tip/housing seal interface, with a duration equal to

NASA Tech Briefs, October 1995
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Figure 1. Stress at the Root of the Blade Shank was computed as
a function of speed and contact arc in a parametric numerical-simu-
lation study of the dynamic response.

the tip/housing contact time. Between excitatory pulses the
simulated tangential force on the tip was zero.

In a parametric study, these computations were performed to
map the response of the blade as a function of the length of the
rubbing-contact arc and the speed of rotation of the turbine
shaft. For each pair of values of these parameters, the simulation
of dynamic response was continued until a steady-state dynam-
ic motion was reached — typically in 30 to 40 revolutions. Figure
1 shows some of the results of this parametric study.

The experimental part of the effort involved the construc-
tion of a unique testing apparatus (see Figure 2). A turbine rotor
was instrumented with strain gauges on its blades, and slip
rings were used to pass the outputs of the gauges to external
tape recorders. A simulated tip-seal segment of a housing was
connected to a hydraulic actuator coupled with a control sys-
tem and a displacement transducer. The motion of the tip-seal
segment could thus be controlled precisely. In the tests, the tur-
bine was driven at speeds up to 32,700 r/min. and the tip-seal
segment was moved in to effect rubbing contact for short peri-
ods of time. The results of tests verified analytical predictions
that the dynamic behavior consists of once-per-revolution rubs
alternating with periods of free vibrations.

Hydraulic Actuator and Linear [ Hydraulic Valve

Variable-Differential Transducer l Accumulator

Simulated Seg
of Turbine Housing

Location of
Rubbing Contact

Figure 2. This Testing Apparatus simulates blade-tip rubbing and
measures the dynamic responses of the blades.
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This work was done by Gary A. Davis and Ray C. Clough of
Rockwell International Corp. for Marshall Space Flight
Center. For further information, write in 110 on the TSP
Request Card.

Inquiries concerning rights for the commercial use of this
invention should be addressed to the Patent Counsel, Marshall
Space Flight Center; (205) 544-0021. Refer to MFS-29981.

Wet/Dry Vacuum Cleaner

A hydrophobic bag with an absorbent pad
retains water and dust.

Lyndon B. Johnson Space Center,
Houston, Texas

The vacuum cleaner collects and retains dust, wet debris,
and liquids. Designed for housekeeping on Space Station
Freedom, it functions equally well in normal Earth gravity or in
microgravity. It generates acoustic noise at comfortably low
levels and includes circuitry that reduces electromagnetic
interference to other electronic equipment.

The vacuum cleaner (see figure) draws materials into a bag
made of a hydrophobic sheet with layers of hydrophilic super-
absorbing pads at the downstream end material. The hydro-
phobic sheet lets air, but not liquid, leave the bag, while the
hydrophilic material gels the liquid to retain it after the vacuum
cleaner has been tumed off. The hydrophilic material can gel many

The Molded Polycarbonate Case Houses the other components of
the vacuum cleaner. The hose is made of silicone rubber covered
with Nomex fabric.
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times its own weight of liquid. The bag
holds dust particles larger than 40 mm and
absorbs up to 48 oz (1.42 L) of liquid.
Suction is developed by a two-stage
blower driven by a modified commercial

120-Vdc motor. The two stages help to
keep noise low. The blower also pro-
vides a secondary airflow to cool its
electronic components.

This work was done by Harold

Reimers of Johnson Space Center and
Jay Andampour, Craig Kunitser, and lke
Thomas of Lockheed Engineering &
Sciences Co. No further documentation
is available. MSC-22044

Shielded, Automated Umbilical Mechanism
Fluid and/or electrical connectors are protected against debris.

Lyndon B. Johnson Space Center, Houston, Texas

An umbilical mechanism automatical-
ly connects and disconnects various
fluid couplings and/or electrical contacts
while shielding the mating parts from

debris. The mechanism reacts mating
and demating loads internally, without
additional supporting structures.

The mechanism is designed for ser-

vice in outer space, where its shields
would protect against micrometeoroids,
debris, ultraviolet radiation, and atomic
oxygen. It could be used on Earth to

External
Electrical
Connectors

Upper Housing
Lower Housing © il
Pillow Block

Roller Guide

Wire Harness

Cam Follower

Gearbox
Drive Screw

Floating Nut

ACTIVE SUBASSEMBLY

Alignment and Latch Pin

Part of Housing

4

Debris Shield

Electrical
Connector

PASSIVE SUBASSEMBLY

[ =] — [ =]
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Fully Retracted, Carrier Begins To Active and Passive Debris Shield in Passive Plug and Receptacle Subassemblies
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and Locked Together To Open
MATING SEQUENCE

The Active Subassembly Mates with the passive subassembly of the umbilical mechanism.
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connect or disconnect fluid or electrical
utilities in harsh environments like those
of nuclear powerplants or undersea con-
struction sites, or in the presence of
radioactive, chemical, or biological haz-
ards, for example.

The mechanism consists of an active
and a passive subassembly. It can accom-
modate an initial linear misalignment of
0.250 in. (6.35 mm) and angular misalign-
ment of 2° between the subassemblies.

The mating sequence consists of the
following steps (see figure):
1.The active subassembly with its con-

nector retracted is coarsely aligned rel-

ative to the passive subassembly.

2.A carrier in the active subassembly
begins to move a plug down as a cam
action opens the debris shields in this
subassembly.

3. The active and passive subassemblies
are precisely aligned and locked
together by a pin-and-drogue device.

4. Acting via a cam and linkage, the car-
rier in the active subassembly begins
to open the debris shield of the pas-
sive subassembly.

5.When the debris shield in the passive
subassembly is completely open, the
plug attached to the active subassem-
bly is 50-percent mated with a recep-
tacle in the passive subassembly.

6.The carrier continues to extend the
plug until it is completely mated with
the receptacle.

All functions — extension of the plug,
mating, and movement of the debris
shields — are actuated by a single motor.
If the mechanism jams or fails at any point
in the sequence, an override feature in the
drive train allows manual operation. The
plug and receptacle in the mechanism
can readiy be changed between fiuid-
transfer and electrical applications.

This work was done by Daniel R.
Barron, Brion F. Morrill, and Vytas
Jasulaitis of McDonnell Douglas Corp.
for Johnson Space Center. For further
information, write in 99 on the TSP
Request Card.

Title to this invention has been waived
under the provisions of the National
Aeronautics and Space Act {42 U.S.C.
2457 (f)} to McDonnell Douglas Corp.
Inquiries concerning licenses for its
commercial development should be
addressed to:

John Scholl, Counsel

MecDonnell Douglas Corp.

5301 Bolsa Avenue

Huntington Beach, CA 92647

(714) 896-5999
Refer to MSC-22053, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.
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Sinterless Fabrication of Contact Pads on InP Devices
Carefully chosen contact materials are used.
Lewis Research Center, Cleveland, Ohio

Research has shown that with a prop-
er choice of material, low-resistance con-
tact pads can be deposited on solar cells
and other devices by an improved tech-
nique that does not involve sintering.
Until now, sintering has been used and
has often proven destructive to the de-
vices being fabricated.

To make low-resistance electrical
contact to an InP semiconductor device
according to the prior technique, con-
tact metal is deposited on the semicon-
ductor, then the contact metal must be
sintered at high temperature. Although
the sintering step desirably reduces the
contact resistance, it also undesirably
induces substantial interdiffusion be-
tween the metal and the InP substrate.
Unless carefully controlled by imposition
of diffusion barriers or by use of such
technigues as rapid thermal processing,
this interdiffusion can quickly degrade or
destroy the device. Such shallow-junc-
tion devices as junction field-effect tran-
sistors and solar cells are particularly
susceptible to damage during formation
of contacts.

Research directed at understanding
the mechanisms involved in the contact-
sintering process has resulted in the
identification of a special group of mate-
rials that includes the phosphides of
gold, silver, and nickel; specifically,
AuzPs, AgP;, and Niz:P. The introduction
of one of these materials between an
underlying n-doped InP semiconductor
and an overlying current-carrying metal
layer results in low contact resistance.
Further research has indicated that only
a very thin interlayer of any of these
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The Incorporation of a Phosphide Interlayer substantially reduces the resistivity between a
gold current-carrying layer and an indium phosphide substrate.

compounds is needed to obtain low
contact resistance, without having to
subject the contact to the destructive
sintering process.

Phosphide layers with thicknesses of
the order of 20 to 30 A on moderately
doped InP are sufficient to make contact
resistivities range downward to as little
as 10° Q-cm? (see figure). These values
are only slightly greater than those
obtained by use of the destructive sin-
tering process.

This work was done by Victor G.
Weizer of Lewis Research Center,

Navid S. Fatemi of Sverdrup Technology,
Inc., and Andras L. Korenyi-Both of
Calspan Corp. Further information may
be found in NASA TM-105670 [N92-
24802/TB], “Sinterless Contacts to
Shallow Junction InP Solar Cells.”
Copies may be purchased [prepay-
ment required] from the NASA Center
for AeroSpace Information, User Services
Division, Linthicum Heights, Maryland,
Telephone No. (301) 621-0394. Rush
orders may be placed for an extra fee by
calling the same number. LEW-15863

Wax Reinforces Honeycomb During Machining

Wax-filled honeycomb can be cut to a precise contour on a lathe.

Langley Research Center, Hampton, Virginia

A method of machining on a conven-
tional metal lathe has been devised for
precise cutting of axisymmetric contours
on honeycomb cores made of compos-
ite (matrix/fiber) materials. The method
was devised because, heretofore, the

90

fragility of these materials in their as-
manufactured, unrestrained condition
has made contouring difficult.
Composite honeycomb core materials
exhibit high stiffnesses at low densities.
Their composition and properties often

make them the materials of choice for
sandwich constructions in which com-
posite face sheets are used. Some ap-
plications of these materials involve rig-
orous geometric tolerances. An example
of such an application is as a core mate-
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rial in a precise composite reflector panel.

Machining of honeycomb materials on multiaxis milling ma-
chines is possible, but achievable surface accuracies are limit-
ed by the lower positioning accuracies generally associated
with milling machines as compared with those of metal lathes.
Also, corrections for tool geometries must be made as func-
tions of cutting angles. Lathe turning generally provides accu-
racies higher than those obtained with milling machines,
because of the smaller number of axes on which the cutting
tool of a lathe must move. Also, the simple point geometry of
the lathe cutting tool eliminates the need for geometric correc-
tion for the cutting angle.

The innovative method of machining on a lathe involves a
preparation in which the honeycomb is placed in an appropriate
fixture and the fixture is then filled with a molten water-soluble
wax. A number of different waxes have been tried. Saunders
Yellow™ water-soluble wax was found to work well; others may
also work. (The identity of this particular wax is given for com-
pleteness only and does not constitute an endorsement,
expressed or implied, by the NASA Langley Research Center.)

During filling of the fixture, the upper surface of the wax
should be kept fluid and allowed to solidify last to reduce the
formation of voids: this can be done by occasional application
of heat to the surface with a hot-air gun. Shrinkage associated
with the solidification of the wax causes additional molten wax
from the top to be drawn down into the cells of the honey-
comb. The wax serves both to fasten the honeycomb to the fix-
ture and to support the individual honeycomb cells during the
machining process.

The figure shows a wax-filled low-density graphite/phenolic
honeycomb in a fixture positioned on a numerically controlled
lathe for machining of a paraboloidal contour. A computer pro-
gram was written to generate coordinates along the desired
parabolic contour based on the focal length of the paraboloid.

The Wax Filling reinforces the honeycomb walls against bending
and tearing while the honeycomb is being contoured on a lathe.

The fixture that contains the wax-filed honeycomb is rotated,
and the parabolic contour is cut with a tungsten carbide tool.
The fixture consists of an aluminum sleeve 15 in. (38.1 cm) in
diameter mounted on a backplate. The backplate includes a
mount for attachment to the lathe. The sleeve is symmetric
about its midplane and can be reversed and remounted to the
backplate during an interruption of the machining process. In
this way, convex and concave parabolic contours are machined
on either side of the honeycomb. To ensure that the resulting
parabolic contours remain concentric and parallel, the back-
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plate is not removed during the machining process. The metal
lathe shown in the figure has a specified machining accuracy of
+0.0005 in. (@about +0.01 mm).

After machining, the wax-filled honeycomb is sawn from the
aluminum fixture, then placed in hot water to remove the wax,
then rinsed for 10 min in dilute (0.5 weight percent) hydrochlo-
ric acid at room temperature. The honeycomb is then washed
with deionized water and dried.

This work was done by Timothy W. Towell, David T. Fahringer,
Peter Vasquez, and Alan P. Scheidegger of Langley Research
Center. No further documentation is available. LAR-14927

Improved Hermetic
Feedthrough Seals
for Optical Fibers

Inorganic sealing materials withstand widely
ranging temperatures.

Lewis Research Center, Cleveland, Ohio

Improved hermetic feedthrough seals for optical fibers can
withstand temperatures from as low as -325 °F (about
-198 °C) to as high as 392 °F (about 200° C) while maintaining
a helium leak rate of below 107" cm?/s. This feedthrough mate-
rial was used in an optical connector design targeted to meet
the specifications of the space shuttle main engine environ-
ment as well as the expected environment of space-based
rocket engines. The seal was demonstrated to perform
exceptionally through salt spray, sinusoidal and random vibra-
tions (20 to 2000 Hz), mechanical shock (40 g's) thermal
shock at the extreme temperatures, humidity, and radiation
(neutron fluence, gamma, and ion) testing.

The figure depicts a simplification of a feedthrough of the
improved type, for illustrative purposes. Polyimide buffered
glass/glass fibers are hermetically sealed to the feedthrough
unit with the polycrystalline ceramic material. The sealing tech-
nology was demonstrated in two feedthrough types: a contin-
uous fiber type as shown in the figure and a type where one
end of the fiber is terminated with an SMA connector mate. The
latter type may be constructed with a standard MIL-C-38999
Series 3 or 4 bulkhead-mound, hermetically sealed receptacle.

Throughout the environmental testing, the optical signal pass-
ing through the units was monitored. The prototype feedthroughs
passed the required tests with negligible insertion losses.

This work was done by Robert Jui-Lin Fan of LiteCom, Inc.,
for Lewis Research Center. For further information, write in
120 on the TSP Request Card. LEW-15417

This Feedthrough
Seal on an Optical
Fiber can be made
primarily or entirely
of inorganic mate-
rials that withstand
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Level Indicator on a Tubular

Inside Micrometer

Leveling helps to ensure
accurate measurements.

Marshall Space Flight Center, Alabama

A bubble-type level-indicating attachment on a tubular inside
micrometer (see figure) helps a novice user obtain accurate
measurements. The attachment can be helpful because in
some situations that involve measurement of large, tight-toler-
ance inside dimensions, inside micrometers that are not held
level between the contact point can give inaccurate readings.

A bubble-type level indicator is modified for use in this appli-
cation by grinding it to a known length. The modified level indi-
cator is then attached to the tubular inside micrometer by
threading it into micrometer extensions that are attached to the
graduated thimble of the micrometer.

The user adjusts the position and orientation of the microm-
eter and verifies that it is level by observing the bubble in the
level indicator. Upon feeling the correct drag between the
micrometer tips and the workpiece, the user can be confident
that the tool is being used correctly and an accurate measure-
ment has been obtained.

This work was done by R. Michael Malinzak and Gary N.
Booth of Rockwell International Corp. for Marshall Space
Flight Center. No further documentation is available. MFS-
30026

Micrometer

Bubble-Type Level Indicator

Micrometer Extensions

The Level Indicator helps to ensure accurate readings of a tubular
inside micrometer when accuracy depends on keeping the microm-
eter horizontal.

Pressurized Bladder To

Secure a Tile During Bonding
John F. Kennedy Space Center, Florida

An apparatus for use in installing tiles with adhesive includes
an inflatable bladder that holds a tile in place while the adhesive
cures. Once the tile is placed in the desired position, the pres-
surized bladder is pressed against the tile with increasing force
until the pressure in the bladder equals the desired tile bond
pressure. A pressure gauge that can be monitored easily from
a distance is used to ensure that the tile is being held with the
proper force during curing.

This work was done by John M. Hutchinson of Lockheed
Space Operations Co. for Kennedy Space Center. For further
information, write in 35 on the TSP Request Card. KSC-11662
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Mathematics and
Information Sciences

Discrete Gabor Filters for Binocular

Disparity Measurement

Binocular disparities would be determined from phases
of discretized Gabor transforms.

Lyndon B. Johnson Space Center, Houston, Texas

Discrete Gabor filters have been pro-
posed for use in determining the binoc-
ular disparity — the difference between
the positions of the same feature or
object depicted in stereoscopic images
produced by two side-by-side cameras
aimed in parallel. The magnitude of the
binocular disparity can be used to esti-
mate the distance from the cameras to
the feature or object. In one potential
application, the cameras would be
charge-coupled-device video cameras
in a robotic vision system, and binocular
disparities and the distance estimates
would be used as control inputs — for
example, to control approaches to ob-
jects to be manipulated or to maintain
safe distances from obstacles.

The major problem in determining the
binocular disparity is to match corre-
sponding features in the two images.
Typical prior solutions have been com-
putationally intensive and have often
included explicit (and sometimes error-
prone) feature-matching processes. In
the proposed solution, no attempt is
made to identify or match features
explicitly. Instead, one matches features
implicitly and obtains the binocular dis-
parity by computing complex Gabor
transforms (see Figure 1) of correspond-
ing neighborhoods in the two images,
then taking advantage of the fact that
the phase shift between the Gabor
transforms is proportional to the local
binocular disparity in approximately the
same way in which a phase shift in a
Fourier transform of the entire image is
proportional to a uniform lateral shift in
the entire image. Characterizing this
approach from another perspective, the
local binocular disparity is computed
directly from a locally computed para-
meter of the pair of images, and no for-
mal matching process is needed.

In practice, it is necessary to compute
the Gabor transforms by use of relatively
coarse-grained two-dimensional filters or
masks, each pixel of which approximates
the value of the even or odd Gabor function
at its position (see Figure 2). The size of
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Figure 1. The Even and Odd Gabor Functions are used to compute complex Gabor trans-
forms. The location of a feature (in this case, a step edge) can be determined from the phase
of its complex Gabor transform.
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the filter is optimized at 8 x 8 pixels on the basis of several con-
flicting considerations that include the need to obtain adequate
resolution consistent with the pixel spacing, minimize the
amount of computation, and minimize ambiguity in interpreting
the output of the filter.

The filters are applied as follows. The two images are divided
into corresponding windows of 8 x 8 pixels each. The even
Gabor filter is overlaid on each window. The brightness at each
pixel is multiplied by the filter value at that pixel. The sum of the
brightnesssfilter products of the window is a single number and
constitutes the filter output for that window. The odd Gabor filter
is then overlaid on each window, and the process is repeated.
The phase of the approximate Gabor transform of each window
can then be obtained easily from the relative values of the even-
and odd-filter outputs, and the phases of the transforms of the
corresponding windows in the two images can be compared to
obtain the phase shift and, hence, the local binocular disparity.

This approach involves less computation than do prior ap-
proaches based on convolution. In this approach, each 8 x 8 fil-
ter is applied only once to each 4 x 4 pixel neighborhood; in a
convolution-based approach with a filter of equal size, it would
be necessary to apply that filter to each 4 x 4 pixel neighborhood
16 times. This makes possible a considerable reduction in com-
putation time and/or a reduction in the complexity of image-pro-
cessing circuitry — important considerations in robotic systems.

This work was done by Carl . R. Weiman of Transitions
Research Corp. for Johnson Space Center. For further infor-
mation, write in 111 on the TSP Request Card. MSC-22094
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8X8 DISCRETE GABOR FILTERS SENSITIVE TO VERTICAL EDGES

Output of Odd Filter
for Step Edge

1.0

Output of
Even Filter
0.75 for Step Edge

PHASE TRAJECTORY FOR STEP EDGE COMPUTED WITH
8X8 DISCRETE GABOR FILTER

Figure 2. The Gabor Functions Are Approximated by 8 x 8-pixel
filters. The phase trajectory shown here is of the complex Gabor
transform of a step edge, except that here it is computed approxi-
mately by use of the discrete filter instead of exactly as in Figure 1.
The numbers and dots on the trajectory denote horizontal (x) posi-
tion of the step edge in pixel units. Note that subpixel resolution is
achieved readily.
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@ Life Sciences

Automated Diagnosis of Conditions in a

Plant-Growth Chamber

Expert-system software advises nonexpert technicians about how to respond to malfunctions.
John F. Kennedy Space Center, Florida

The Biomass Production Chamber
Operations Assistant software and
hardware constitute an expert system
that diagnoses mechanical failures in
a controlled-environment hydroponic
plant-growth chamber and recom-
mends corrective actions to be taken by
technicians. The plant-growth chamber
and the expert system are subjects of
continuing research directed toward
the development of highly automated
closed life-support systems aboard
spacecraft to process animal (including
human) and plant wastes into food and
oxygen. The development of larger ter-
restrial biomass-production and -recy-
cling systems might also benefit from
this research.

The chamber and associated equip-
ment (see figure) provide 200 ft* (18.6
m?) of plant-growth area with controlled
light levels, temperature, humidity, air-
flow, air composition, nutrient solution,
temperature, pH, electrical conductivity,
and chemical composition. Wheat, soy-
beans, lettuce, potatoes, and strawber-
ries have been grown in the chamber.
For purposes of this research, the
knowledge base of the expert system
concentrates on wheat crops. The
knowledge base incorporates expertise
from multiple expertise domains, includ-
ing biology, electrical engineering,
mechanical engineering, and chemistry.
The knowledge base was developed by
a group of experts in these fields and in

information systems, using the tech-
niques of knowledge engineering.

The system uses a Microsoft Win-
dows interface to give technicians intu-
itive, efficient access to critical data. By
selecting an icon on the Windows dis-
play, a technician can analyze a set of
data, view operating equipment through
closed-circuit television, cause the
expert system to begin a diagnostic pro-
cedure, examine technicians’ work
schedules, or command the system to
perform a computational simulation.

In the diagnostic mode, the system
prompts a technician for information. For
example, if a malfunction occurs in the
nutrient-delivery system, the expert sys-
tem asks for the time, location, and type

Primary Production-Control

System

Monitoring System
nghting System Solenoids
PreguresControl System Probes
o 8yst°m Gauges
Nutrient Delivery System Tanke
System umps
‘ Heatxg, Venﬂlationand L io
Ottt ond :
Recovery System Filters

The Nutrient-Delivery System is one of several complex equipment systems that provide conditions favorable to the growth of plants. The
expert system recommends responses to malfunctions in the nutrient-delivery system. Plans for the future call for extension of the expert sys-
tem to respond to malfunctions in all the equipment systems.
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of malfunction; the status of backup nutrient-delivery pumps;
the type and the stage of growth of the crop; the visible amount
of water in the plant trays; the ability to reduce the temperature;
and the ability to turn lights on or off. When the expert system
has enough information, it generates a recovery plan.

The recovery plan not only gives instructions for how to cor-
rect the malfunction, but also indicates steps to minimize dam-
age to the crop in the interim; this is an important feature
because a malfunction can usually be diagnosed in a few min-
utes, but a few hours may be needed for repairs. For a nutrient-
delivery failure, the expert system might advise such emergency
measures as turning off lights, reducing the temperature of the
air, and closing drains on plant trays to reduce the metabolic
rate of the plants and conserve the remaining nutrient solution.
For each measure, and for combined measures, the expert sys-
tem estimates the time available before serious damage occurs.
For a prolonged failure, the system may even advise that the
crop be replanted.

This work was done by Barry R. Clinger and Alfred L.
Damiano of McDonnell Douglas Corp. for Kennedy Space
Center. For further information, write in 9 on the TSP Request
Card.

Inquiries concerning rights for the commercial use of this
invention should be addressed to the Patent Counsel, Kennedy
Space Center; (407) 867-3017. Refer to KSC-11761.

Predatory Microorganisms
Would Help Reclaim Water

Pathogenic microorganisms would be
removed from water without use of harsh
chemicals, intense heat, or ionizing radiation.

Marshall Space Flight Center, Alabama

Wastewater-reclamation systems of a proposed type would
use predatory, nonpathogenic microorganisms to consume
pathogenic microorganisms. The predators in question are
Dictyostelium amoebae, which consume bacteria (and presum-
ably, could also be induced to eat microalgae, viruses, and pro-
tozoa). The Dictyostelium amoebae convert their prey into their
own cell substance, which is largely cellulose. Dictyostelium is
not harmful to humans, other macroscopic animals, or macro-
scopic plants. The cellulosic product could be subjected to fur-
ther biodegradation or other treatment. Unlike some other
wastewater-reclamation systems, these systems would not
require the use of toxic chemicals, intense heat, or ionizing
radiation (y rays or ultraviolet) to destroy microorganisms.

Two apparatuses have been constructed to test the concept.
One of them includes a growth chamber that contains an 18-
in. (45.7-cm)-diameter rotating plate, on which petri dishes are
placed. Each dish contains Dictyostelium growing on agar and
a porous stainless-steel disk inoculated with bacteria and
amoebae. The dishes are illuminated by two lamps, which pro-
vide constant simulated sunlight to induce growth of cellulosic
Dictyostelium stalks. The plate is slowly rotated so that all sam-
ples are exposed equally to the light. The air in the growth
chamber is kept at high humidity by circulating it between the
growth chamber and an auxiliary chamber in which water is
sprayed. No special equipment is needed to keep the temper-
ature in the growth chamber within an acceptable range.

The other apparatus includes two connected 5-gal (19-L)
plastic tanks, one of which serves as a reactor vessel, while the
other serves as a holding tank. The reactor vessel contains a
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mixing paddle composed of four vertical panels. Tubes are mounted in the reactor ves-
sel to take samples at four levels. An industrial wastewater-reclamation system is more
likely to be based on this apparatus than on the first-mentioned apparatus.

This work was done by Morris A. Benjaminson of North Star Research, Inc., and
Stanley Lehrer of Electro-Optics Devices Corp. for Marshall Space Flight Center.
For further information, write in 77 on the TSP Request Card.

Inquiries concerning rights for the commercial use of this invention should be
addressed to the Patent Counsel, Marshall Space Flight Center; (205) 544-0021.
Refer to MFS-26321.

Chamber Design for
Slow Nucleation Protein
Crystal Growth

New design provides gradation of nucleation
and growth rates.

Marshall Space Flight Center, Alabama

A multiple-chamber dialysis apparatus (see figure) grows protein crystals on Earth
or in microgravity with a minimum of intervention by a technician. The apparatus
includes a reservoir and a series of sample chambers attached to one end of the
reservoir. A dialysis membrane that passes low-molecular-weight solutes, but not
high-molecular-weight solutes, is placed between the reservoir and the first chamber.
Another such membrane is placed between each chamber and the succeeding or
preceding chamber. Access to each chamber can be gained through a screw-in plug
in its side. Sliding gate valves between the precipitant and growth chambers could be
used to start the growth process. The use of multiple chambers provides a gradation
of nucleation and growth rates.

This work was done by Marc Lee Pusey for Marshall Space Flight Center. 7o
obtain a copy of the report, “Multiple Chamber Dialysis System for Protein Crystal
Growth,” write in 72 on the TSP Request Card.

Inquiries concerning rights for the commercial use of this invention should be
addressed to the Patent Counsel, Marshall Space Flight Center; (205) 544-0021.
Refer to MFS-28967.

The Multiple-Chamber Dialysis Apparatus provides a gradation of nucleation and growth
rates.
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Industry Focus:

Motion Control/Positioning Equipment

Coordinated Control of Mobile Robotic Manipulators
A computationally efficient scheme is suitable for real-time implementation.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A computationally efficient scheme
has been developed for on-line coordi-
nated control of both manipulation and
mobility of robots that include manipula-
tor arms mounted on mobile bases. The
scheme is applicable to a variety of mo-
bile robotic manipulators, including
robots that move along tracks (typically,
painting and welding robots), robots
mounted on gantries and capable of
moving in all three dimensions, wheeled
robots (see figure), and compound
robots (consisting of robots mounted on
other robots).

In the past, robots were typically
mounted on stationary bases bolted to
floors so that they could withstand the
forces and torques applied to the bases
when the robot arms carried payloads.
However, there are significant advan-
tages to placing robot arms on mobile
bases. The mobility of a base extends
the reach of the manipulator arm and
increases the size of the robot work-
space substantially at minimal cost. The
additional movement of the base com-
plicates the robot-control problem, but
the availability of low-cost, high-perfor-
mance computers makes it possible to
achieve real-time control with computa-
tionally efficient algorithms like those of
the present control scheme.

In some prior approaches taken in the
development of control schemes, the
additional degrees of freedom in the
mobility of the base would have been
regarded unfavorably because of the
additional complexity that they intro-
duce. In the present approach, the addi-
tional degrees of freedom are turned to
advantage by using them to accomplish
additional tasks specified by the user.
Furthermore, the on-line nature of the
present method is enhanced by the abil-
ity of the user to change the specifica-
tions of tasks during operation, as de-
scribed below.

The theoretical basis of the present
method is the configuration-control
formalism, which was discussed in sev-
eral prior articles in NASA Tech Biriefs,
including “Increasing the Dexterity of
Redundant Robots” (NPO-17801), Vol.
14, No. 10 (October, 1990), page 88;
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“Redundant Robot Can Avoid Obstacles”
(NPO-17852), Vol. 15, No. 10 (October,
1991), page 86; “Configuration-Control
Scheme Copes With Singularities”
(NPO-18556), Vol. 17, No. 2 (February,
1993), page 81; and “More Uses for
Configuration Control of Robots” (NPO-
18607/NPO-18608), Vol. 17, No. 10,
(October, 1993), page 120. To recapitu-
late: A robot has n degrees of freedom.
The basic task is to make the end effec-
tor (the hand at the tip of the manipulator
arm) follow a prescribed trajectory in m-
dimensional coordinates (where m < n).
The r = n-m redundant degrees of free-
dom are used simultaneously to per-
form an additional task.

mobility are simply combined with the
degrees of manipulation into one set that
contains both the redundant and nonre-
dundant degrees of freedom, and all
degrees of freedom are treated on an
equal footing according to the computa-
tionally efficient configuration-control for-
malism. The user can assign weighting
factors to individual degrees of mobility
or manipulation as well as to each task
specification. The user can also change
task specifications and weighting factors
during operation. Thus, overall, the pre-
sent method is characterized by concep-
tual simplicity, computational efficiency,
and flexibility — all advantageous for on-
line, real-time control.

xY

A Two-Link Robotic Manipulator Arm on a Wheeled Base has redundant degrees of free-
dom that can be exploited via a control method based on the configuration-control formalism.

Additional tasks could include (but are
not limited to) reaching around obsta-
cles, avoiding collisions with objects in
the workspace, maintaining one or more
links of the manipulator arm in a desired
pose, and/or optimizing the overall kine-
matics in both the redundant and nonre-
dundant degrees of freedom to enhance
overall manipulability. The additional task
is mathematically modeled by a set of
kinematic functions that, in effect, define
the trajectory in the redundant degrees
of freedom. These functions are speci-
fied by the user.

In the present method, the degrees of

This work was done by Homayoun
Seraji of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 36 on the TSP
Request Card.

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to
the Patent Counsel, NASA Resident
Office-JPL; (818) 354-5179. Refer to
NPO-191089.



# Tuneable Auxiliary Control Mechanisms
for RUM Actuators

Scan amplitudes could be maximized and/or power consumption

minimized under changing conditions.
Marshall Space Flight Center, Alabama

Tuneable auxiliary control mecha-
nisms for rotating unbalanced-mass
(RUM) actuators are used to maximize
scan amplitudes and/or minimize power
consumption during changing condi-
tions. This type of mechanism is a more
sophisticated version of the type of
mechanism described in “Auxiliary
Control Mechanisms for RUM Actu-
ators” (MFS-28817), NASA Tech Biriefs,
Vol. 19, No. 8 (August, 1995), page 62.

To give meaning to an explanation of
the tuneable version, it is necessary to
repeat most of the description of the
simpler version from the noted prior arti-
cle. Figure 1 illustrates schematically a
scientific instrument equipped with a
pair of RUM actuators for oscillation
about a single axis to produce a line
scan, plus an auxiliary control mecha-
nism that would establish and maintain a
constant center-of-scan position and/or
vary the center-of-scan at a rate much
less than that of the scan itself. The
basic components of this mechanism
would be a stepping motor, a speed-
reducing (torque-increasing) gear train,
and an angular-position encoder. The
stator of the stepping motor would be
mounted on a stationary supporting
structure, while the rotor would be con-
nected to the low-torque input shaft of
the gear train.

The high-torque output shaft of the
gear train would lie on the axis about
which the instrument was to be oscillat-
ed and would be connected to the
instrument via a torsionally flexible cou-
pling. The encoder would monitor the
angular position of the high-torque shaft.
Driven by a pair of RUM actuators, the
instrument would oscillate torsionally, via
the flexible coupling, about the angular
position of the high-torque shaft. The
holding torque of the stepping motor,
amplified by the gear train, would suffice
to prevent the slippage of the high-
torque shaft out of the commanded cen-
ter-of-scan position.

In many if not most cases, it would be
preferable to choose the torsional stiff-
ness of the flexible coupling so that the
resonant frequency of torsional oscilla-
tion would equal the frequency of the
scan produced by the RUM actuators.
Adjustable trim masses could be added
to provide for some limited tuning to res-
onance, and dampers could be added
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Figure 1. An Auxiliary Control Mechanism like this one would make it possible to design a
relatively small, cheap, energy-efficient rotating unbalanced-mass actuator, but it could be

adjusted to only a limited extent, if at all.

for stability. The resonance would ampli-
fy the effect of the RUM actuators (the
dampers would reduce the amplification
somewhat) so that the same scanning
motion could be achieved with smaller
unbalanced masses. With smaller
unbalanced masses, the RUM actuators
would consume less power: numerical
examples from representative design
cases suggest that RUM actuators
equipped with auxiliary control mecha-
nisms of this type would consume as lit-
tle as 1/100 the power of scanning
mechanisms based on gimbal torgue
actuators. This completes the explana-
tion of the simpler previous version.

In the more sophisticated tuneable
version, the torsional stiffness of the tor-
sionally flexible coupling would be made
adjustable on command. As shown in
Figure 2, the torsional flexibility would

be provided by a nominally radially ori-
ented flexible blade. A rigid collar would
attach the blade to the shaft connected
to the scanned instrument and its RUM
actuators. Movable rubber rollers would
establish the off-axis contact point for
transmission of torsion between the
instrument shaft and the high-torque
output shaft. The torsional stiffness
would be increased or decreased by
moving the rollers in or out, respectively.
The rollers would be mounted on sleeves
that could slide in radial grooves in a rigid
frame attached to the high-torque output
shaft. Each sleeve would be internally
threaded to engage a radially oriented
worm gear driven via a bevel gear by a
stepping motor. Thus, the radial position
of the collars and, with it, the torsional
stiffness of the coupling, would be varied
by use of the stepping motor.
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The adjustability would provide en-
hanced tuning at any time; the mecha-
nism could be tuned to a resonant or
nonresonant condition as needed, even
in real time during a scan. Thus, the
same mechanism could be adjusted as
needed to accommodate various instru-
ments with widely different moments of
inertia, adjusted to change the ampli-
tudes of scans in real time, and/or
adjusted in real time to respond to
changes in the inertial properties of the
scanned instrument.

A combination of a pair of RUM actua-
tors and an auxiliary control mechanism
more complicated than that shown in the
figure could be used to produce a two-
dimensional (e.g., elliptical or raster) scan.
By making its torsional stiffnesses adjus-
table, one could adjust the amplitudes
and other parameters of the scans in real
time. For example, in the case of an ellipti-
cal scan, one could change the major
and/or minor axis of the ellipse, compen-
sate for the effect of gravitation on the
major and/or minor axis to obtain a circu-
lar scan, or compensate for differences
between moments of inertia about the two
scan axes to obtain a circular scan.

This work was done by Michael E.
Polites and Dean C. Alhorn of Marshall
Space Flight Center. For further
information, write in 98 on the TSP
Request Card.
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Figure 2. The Torsionally Flexible Coupling in a tuneable version of the auxiliary control
mechanism of Figure 1 would be adjustable by use of a stepping-motor-driven worm-gear
mechanism that would vary the bending length of a flexible blade.

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or ex-
clusive license for its commercial devel-

opment should be addressed to the
Patent Counsel, Marshall Space Flight
Center; (205) 544-0021. Refer to MFS-
28930.

Modular Track System for Positioning Mobile Robots
A manipulator could reach desired positions more quickly and easily.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A conceptual system for position-
ing mobile robotic manipulators on a
large main structure would include
modular tracks and ancillary struc-
tures that could be assembled easily
along with the main structure. The sys-
tem, called the “tracked robotic loca-
tion system” (TROLS), was originally
intended for application to platforms in
outer space, but the TROLS concept
might also prove useful on Earth; for
example, to position robots in facto-
ries and warehouses.

The design of the TROLS would
inherently solve some of the problems
commonly encountered in positioning
and orienting mobile robots. The sur-
faces of the main structure would be
covered with the tracks, enabling the
robots to reach all areas of interest. The
contact between a robot and its tracks
would automatically enforce the correct
orientation. The main structure or the
ancillary structures adjacent to the

4b

A T-Cross-Section Rail would keep a mobile robot on its track. Bar codes would mark loca-

tions along the track.
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tracks would be marked with bar codes.
Each robot would be equipped with
bar-code-recognizing circuitry so that it
could quickly find its way to its as-
signed location.

The tracks of the TROLS could be in
the form of rails (see figure), grooves, or

channels. The tracks would be built with
standard dimensions and spacing so
any module could be aligned with any
adjacent module. The tracks would be
located to enable robots to reach any
object with which robots were required
to interact.

This work was done by Jeff Miller of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 70 on the TSP Request Card.
NPO-19387

Mechanism for Adjustment of Commutation

of Brushless Motor

The adjustment can be performed while the motor is running.
Marshall Space Flight Center, Alabama

A mechanism enables the adjustment
of the angular position of a set of Hall-
effect devices that sense the instanta-
neous shaft angle of a brushless dc
motor. The outputs of the sensors are
fed to commutation circuitry. Measure-
ment of the shaft angle is essential for
commutation; that is, the application of
voltage to the stator windings must be
synchronized with the shaft angle. To
obtain the correct angle measurement
for commutation, the Hall-effect angle
sensors must be positioned at the
proper reference angle.

The Hall-effect angle sensors are

mounted on an annular board called,
appropriately, the “commutation board.”
The commutation board is mounted on
one end of the motor housing. Part of the
rotor and shaft pass through the central
hole of the commutation board. Hereto-
fore, the angular position of the sensors
was adjusted by turning off the motor,
removing the end cap (which covers the
commutation board), loosening the
mounting screws that hold the commuta-
tion board, and manually rotating the
commutation board by a small amount.
The cap was then reinstaled and the
motor was turned on, and the current

drawn by the motor was measured. This
procedure was repeated until an approx-
imately minimum current reading was
obtained. (A minimum current reading
signifies maximum operating efficiency.)

The present mechanism (see figure)
accelerates the adjustment procedure
and makes it possible to obtain a more
accurate indication of the minimum-cur-
rent position because it provides for
adjustment while the motor is running.
The commutation board is held on the
end of the housing by three mounting
screws that are fitted with close toler-
ance to short circumferential slots in the

rollers

B Precision Quality
B High Speed Capability
B Engineering Support

Gear Segment acceleration/deceleration

B Patented Motion Design
B Unlimited Motion Selection

M Short - On Time Deliveries
CALL: 417/358-6136 - FAX 417/358-8629

Indexing Drives...

Input dwell

(G geRicuEaN 1 INPUT ELEMENT
2 OUTPUT ELEMENT

Output dwell

Due to its

unique patented
design, the “Cyclo-Index”
Drive requires the lowest
starting, stopping, and peak

acceleration factor available.
Unlike any other design, the

for constant velocity allowing a
wide variety of motions
unobtainable to other indexing
designs as a standard. 1/8th to
2%, output revolutions are
available during one input
revolution.

locking rollers

torques and has the lowest peak

Cyclo-Indexer utilizes gear teeth

Other available
drive motions:

B Pick-N-Place

B Walking Beam Drive
B Alternating Drive

B Compound Indexing

GYCLO’
INDEX

A DIVISION OF

:{%/e//&%

INCORPORATED

1129 WEST FAIRVIEW « CARTHAGE, MO 64836
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_E@ro-Craft
BRU-Series

BRU Master, Windows™based software W W Advanced multi-processor design for
leading edge 200 micro-second velocity
loop update rate, digital current, velocity
and position loops, and advanced low

speed control algorithm

Large scale integration with custom W
ASICs for performance and reliability

)
1

UL, cUL listed and CE marked W

4 dedicated 1/0 plus 8 user programmable
optically isolated digital inputs and
outputs (sourcing/active high)

Drive sinusoidal AC brushless
or induction motors

%

1
=
&
',;",,‘
fe
e

10, 20, 30, 75 Peak Amps W
(150 Amp Available in 1996)

M Choice of command source:

® +/- 10V analog input

* step/direction input
(also step up/step down)

* auxiliary master encoder input

* 8 preset speeds/torques selected
via 3 digital input lines

* RS§232/485 commands

BRUIALY VERSATILE.

Introducing the Electro-Craft” BRU-Series Advantage Line-a feature-rich family of brutally versatile drives you can
depend on. No matter what application. No matter what industry. No matter what controller.
e The BRU-Series was the first to integrate brushless servo and vector drive technology into
a single drive. So whether you need an analog input velocity servo, a variable speed drive, a
stepper drive replacement, or a master encoder follower-the BRU-Series’ savage versatility
makes it the original feature creature.
Standardizing on BRU-Series drives means less inventory and fewer spare parts on your
uit shelves. And that means fewer maintenance headaches, less downtime, and a lower life cycle
cost for all your drives. And unhl\e other drives, it doesn’t take brute force to setup the BRU-Series. ©
The easy-to-use, Windows™-based interface guides you through setup and tuning in a snap. Electro = C raft
To learn how the BRU-Series of universal drives can tame your application, call us
today at 1-800-328-3983. Reliance Motion Control. THE RIGHT COMPANY. THE RIGHT solutioN. = SERVO SYSTEMS

Windows” is a trademark of Microsoft Corporation.  Electro-Craft* and BRU-Series™ are registered trademarks or tradéemarks of Reliance Electric Co. or its subsidiaries

e
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Built-in power supplies 1
- 110 external source required
except AC line
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board. Preload springs under the heads
of the mounting screws prevent inadver-
tent rotation of the commutation board
when the screws are loosened for an
adjustment. A gear sector is mounted at
a location on the periphery of the com-
mutation board; this gear sector engages
a pinion sector that turns on a pin attach-
ed to the housing. The pinion and gear
sectors feature a zero-backlash design.

A socket on the pinion receives an
adjusting tool. To perform an adjust-
ment, one inserts the tool in the socket
via an access hole in the end cap. The
tool is turned to rotate the pinion. By
virtue of the gear ratio, this effects a fine
angular adjustment of the commutation
board. Once the adjustment yields a
minimum current reading, the preload
springs hold the board until the mount-
ing screws are retightened.

This work was done by Richard E.
Schaefer of United Technologies
Hamilton Standard for Marshall Space
Flight Center. For further information,
write in 38 on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Marshall Space Flight Center;
(205) 544-0021. Refer to MFS-28958.

Mounting Screw  Gear Sector
(One of Three)

Hole for Access
to Mounting Screw
(One of Three)

Housing

Commutation Board

Rotor

Hall-Effect Sensor
(One of Three)

Pinion Sector

Adjustment Tool

ool Access Hole

Holes in the End Cap provide access to the adjustment mechanism and to the mounting
screws that hold the commutation board on the end of the housing.

Unified Approach to Control of Motions

of Mobile Robots

An updated configuration-control scheme incorporates a distinction
between holonomic and nonholonomic constraints.

NASA's Jet Propulsion Laboratory, Pasadena, California

An improved computationally efficient
scheme has been developed for on-line
coordinated control of both manipula-
tion and mobility of robots that include
manipulator arms mounted on mobile
bases. The present scheme is similar
to the one described above in "Coordi-
nated Control of Mobile Robotic Mani-
pulators” (page 1b). Both schemes are
based on the configuration-control for-
malism. The major difference between
the two schemes is that unlike the previ-
ous one, the present one incorporates
an explicit distinction between holonom-
ic and nonholonomic constraints (see
figure). Both schemes are characterized
by computational efficiency and flexibili-
ty, which are advantageous for on-line,
real-time control.

In addition to the article cited above,
several other prior articles in NASA Tech
Briefs have discussed aspects of the
configuration-control formalism. These
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include ‘"Increasing the Dexterity of
Redundant Robots" (NPO-17801), Vol.
14, No. 10 (October, 1990), page 88;
"Redundant Robot Can Avoid Obstacles"
(NPO-17852, Vol. 15, No. 10 (October,
1991), page 86; "Configuration-Control
Scheme Copes with Singularities" (NPO-
18556), Vol 17, No. 2 (February, 1993),
page 81; and “"More Uses for
Configuration Control of Robots" (NPO-
18607/NPO-18608), Vol. 17, No. 10
(October, 1993), page 120. To recapitu-
late: A robot has n degrees of freedom.
The basic task is to make the end effec-
tor (the hand at the tip of the manipulator
arm) follow a prescribed trajectory in m-
dimensional coordinates (where m<n).
The r=n-m redundant degrees of free-
dom are used simultaneously to perform
an additional task.

The additional task can be specified
by the user and can include (but is not
limited to) reaching around obstacles,

avoiding collisions with objects in the
workspace, maintaining one or more
links of the manipulator arm in a desired
pose, and/or optimizing the overall kine-
matics in both the redundant and
nonredundant degrees of freedom to
enhance overall manipulability. The ad-
ditional task is mathematically mod-
eled by a set of kinematic functions
that, in effect, define the trajectory in the
redundant degrees of freedom. The
user can assign weighting factors to
individual degrees of mobility or manip-
ulation as well as to each task specifi-
cation. The user can also change task
specifications and weighting factors
during operation.

In the present scheme, the degrees
of mobility and the degrees of manipu-
lation are treated within a common the-
oretically framework; to put it in slight-
ly different terms, the mobile base and
the manipulator are treated as closely
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interacting subsystems of the overall
robotic system, rather than as two sep-
arate entities. Within this framework,
the kinematic constraints upon the
manipulator subsystem are holonomic,
whereas those on the mobile base can
be nonholonomic, depending on the
type of mobile base. All degrees of
freedom are treated on an equal footing
according to the computationally effi-
cient configuration-control formalism.
The nonholonomic kinematic con-
straints (if any) fit naturally into the con-
figuration-control formalism: the non-
holonomic kinematic constraints, the
desired motion of the end effector, and
the additional task specified by the user
are combined to form a set of aug-
mented tasks. These tasks are then
accomplished in a coordinated manner
by use of the configuration-control

ROBOT ARM MOUNTED ON BASE

THAT MOVES ALONG A TRACK: : ; o
HOLONOMIC SYSTEM equatlonslto determme the. motion in
each mobility and manipulation degree

ROBOT ARM MOUNTED ON STEERABLE of freedom.
ROVER: NONHOLONOMIC SYSTEM This work was done by Homayoun

Seraji of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 61 on the TSP
The Constraints Upon the Motion of a Mobile Base that supports a robot arm can be  Request Card. NPO-19508

either holonomic (e.g., the kinematic constraints upon a mobile base that moves along a

track) or nonholonomic (e.g., the kinematic constraints upon a mobile base with wheels like

that of an ordinary highway vehicle).

CHOOSE THE
HIGH-PERFORMING,
LEAK-FREE SYSTEM

FROM PARFLEX

Only Parflex" offers a full line of tubing and
fittings to create an integrated system for
virtually any tubing application.

»
m =g o For a free catalog of our
TrueSeaI 13 FaSt & TltB e “ complete line of polymeric
Push-to-Connect Fittings Quick-to-Assemble Fittings tubing and fittings...
The most reliable fittings For all your tubing
you'll ever use connector needs CALL
* High performing, leak-free ® |nstalls in seconds without tools 1 'BOO'C'PARKER
= No tools required * Tight, leak-proof seal REQUEST CATALOG #3600 NTB
= Corrosion-free = Corrosion-free enTicien
® Lightweight design = Disassembles quickly by hand A «@$
» Removable collet available in seven = Meets and exceeds NSF Standard 51 . 57 AA
colors for custom installations * FDA approved AT S

» Meets and exceeds NSF Standard 51 » Unique stainless steel grab ring
» Potable water and food quality
» Ideal for use with plastic or copper tubing The World Standard :

Fluid Connectors
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& Inversion of Dynamical Equations for Control of Attitude

Quaternion and direction-cosine formulations lead to direct inversion for linear feedback control.
Ames Research Center, Moffett Field, California

A method of inverting the nonlinear
equations of the rotational dynamics of a
rigid body could be used to design feed-
back control of the orientation of the
body. The method is applicable to both
direction-cosine and quaternion formu-
lations, which are suitable for large-
angle maneuvers. (These formulations
are preferable to a Euler-angle formula-
tion, which lends itself readily to inver-
sion, but is not suitable for large-angle
maneuvers.) Exploiting some apparently
little-known properties of the direction
cosine and quaternion formulations, the
method leads to equations for a model-
follower control system that exhibits
exactly linear attitude-error dynamics.

Taking parallel approaches in both the
direction-cosine and quaternion formula-
tions, the method involves the simplifica-
tion of the inversion of the equations for
the angular accelerations as functions of
the applied torques. The simplification is
effected by transformations of coordi-
nates that make it possible to express
the angular velocity and angular acceler-
ation in terms of the direction-cosine or

quaternion elements and their derivatives
with respect to time, the transformations
being such that the resulting equations
of state are linear.

Figure 1 depicts schematically the lin-
earized attitude-control systems based
on the two formulations. The direction-
cosine system is limited to following roll-

Notes:

1. ¢* = commanded orientation expressed
in direction cosines.

2. ¢'= atransformation matrix in the direction-
cosine kinematics.

3. g, = the attitude error expressed in direction
cosines.

4. ¢ = actual orientation expressed in direction
cosines.

5.8, = a control gain that varies with time in
such a way as 1o yield linear response.

6. J = inertial matrix of the body.

QUATERNION SYSTEM

7. @ =angular velocity.

8. t =control torque.

9. a, =a control gain that is adjusted to yield
acceptable transient performance.

10. e* = commanded orientation expressed in
quaternions.

1. E'=a matrix in the
kinematics.

12. g, = the attitude error expressed in quaternions.

Figure 1. Linearized Attitude-Control Systems are synthesized by use of coordinate trans-
formations that simplify the inversion of the basic equations of motion of a rigid body.

Hard to find

Coming In December

Positioning Ecwlpment

UNISLIDE AsseMBLIES

Choose from hundreds of Linear Slides, Rotary
Tables, and X-Y Tables. Use them to position, scan or
feed. Move loads from oz. to 400 Ibs. Also, powerful,
programmable motor controllers. Get your FREE 48
page Catalog M and price list today! 800 642-6446

M FAX: 716 657-6153

Bloomfield, N. Y. 14443

Your company’s Advertisement in the
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Optics, Video, and Imaging Products.

FEDERAL LAB

LRscAl
TECH BRIEFS

Closing: November 1

Call Joe Pramberger at (800) 944-6272 or (212) 490-3999
E-mail: ntb_advertise@interramp.com

In NYS: 716 657-6151
10b For More Information Write In No. 649

For More Information Write In No. 648



angle commands In the range of +180°,
while the quaternion system can follow
commands in the range of +360°.

The error amplitude in the quaternion
formulation is a maximum for commands
of +180°, for which the error amplitude in
the direction-cosine formulation is zero.

Therefore, the quaternion system should
be more robust in responding to large
roll-angle commands.

This work was done by Ralph Bach
and Russell Paielli of Ames Research
Center. For further information, write in
23 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center; (415) 604-5104.
Refer to ARC-127609.

Adaptive Force Control for Compliant Motion of a Robot
Performance is expected to be stable and uniform despite gross variations

in environmental stiffnesses.

NASA's Jet Propulsion Laboratory, Pasadena, California

Two adaptive control schemes offer
robust solutions to the problem of stable
control of the forces of contact between
a robotic manipulator and objects in its
environment. These schemes were
developed within the compliant-motion
control framework, as were a number of
other robot-control schemes reported
previously in NASA Tech Briefs.

A control scheme that ensures stable
and robust operation of a robotic manip-
ulator in contact with objects in its envi-
ronment is a basic requirement for the
successful execution of many robotic
tasks. The control problem is especially
challenging in an environment in which
the stiffnesses of objects with which the
end effector of the robot can make con-
tact ("environmental stiffnesses" for
short) are unknown and/or subject to
change. The present control schemes
provide for automatic tuning of the force
controller of the robot to compensate for
unknown and/or changing environmental
stiffnesses in order to yield stable, uni-
form, and acceptable performance.

The two control schemes (see figure)
are called "adaptive admittance control"
and "adaptive compliance control." Both
schemes involve the use of force-and
torque sensors that indicate contact for-
ces, F. The force-and-torque sensors can
be replaced with proximity sensors, the
outputs of which can be processed into
virtual-contact-force signals, as though the
end effector made contact with a nearby
object via a spring. These virtual-contact-
force signals are useful in preventing colli-
sions with objects, following contours, and
maintaining desired standoff distances.

Admittance control is an explicit force-
control scheme in which a force set
point, F,, is specified by the user and is
tracked by a force compensator. This
scheme is based partly on the concept of
mechanical admittance, which relates
the contact force to the resulting velocity
perturbation. The end effector of the
robot is commanded to deviate from its
commanded position X, by the amount
X; and to track the modified commanded
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trajectory X.. Two adaptive proportional-
plus-integral-plus-derivative (PID) and
proportional-plus-integral (Pl) force com-
pensators have been developed thus far
and found to ensure robust tracking.

Compliance control is an implicit force-
control scheme: this scheme establishes
robot/environment interaction dynamics
specified by the user in terms of a con-
tact force as function of the difference
between the actual position X and the
desired position, X,, of the end effector.
Two adaptive lag-plus-feedforward com-
pliance compensators have been devel-
oped. The compliance compensators
and the Pl force compensator do not
require information on the rate of change
of force. Both the admittance and com-
pliance control schemes included adap-
tation laws that constantly adjust the
compensator gains to drive tracking
errors toward zero; this is the feature
that helps to ensure stable and uniform
performance despite large variations in
environmental stiffnesses.

These schemes performed well when
tested in computational simulations in
which they were used to control a seven-
degree-of-freedom robot arm in execut-

ing contact tasks. The admittance scheme
offers (1) the advantage of robust track-
ing of force set points and rejection of
constant disturbances and (2) the disad-
vantage of requiring switching between
reference motion command trajectories
for unconstrained tasks and force-set-
point command trajectories for con-
strained tasks and possible poor
responses during transitions between
them. The compliance scheme involves
the use of reference motion commands
in tasks of both types, so that it does not
require switching of commands and
therefore affords generally good respons-
es during transitions. However, the com-
pliance scheme offers the disadvantage
of possibly less robust tracking of force
commands and rejection of force distur-
bances. Therefore, the choice between
admittance or compliance control is dic-
tated by the requirements of the applica-
tion at hand.

This work was done by Homayoun
Seraji of Caltech for NASA's Jet
Propulsion Laboratory. For more infor-
mation, write in 59 on the TSP Request
Card. NPO-19507

X,
4
e Force X X, S oo X
F—O—+ ¢ —-O—
Environment
Force and
- Torque
F Sensors
ADMITTANCE CONTROL
4 +~ X, Position- X
- Robot
Environment
s
X, Compensator E Sancare
COMPLIANCE CONTROL

These Two Control Schemes, along with adaptation laws that adjust control gains, provide
robust, stable control of a robot operating in the presence of unknown and/or changing envi-

ronmental stiffnesses.
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SPECIAL ADVERTISING SUPPLEMENT TO NASA TECH BRIEFS

Motion Control
Industry Leaders

RELIANCE MOTION CONTROL

drives as its latest addition to the
Electro-Craft servo system family.
The BRU-Series Advantage

can be configured for almost any
controller. With its high-resolu-
tion, 16-bit A/D converter, your

Reliance Motion Control in
Eden Prairie, MN, introduces uni-
versal brushless servo/vector

Line is a feature-
rich, high-perfor-
mance family of
versatile drives that
can cover a wide
range of applica-
tions--anything from
an analog input
velocity servo or a
variable speed
drive, all the way to
a stepper drive
replacement or a
master encoder fol-
lower.

It's also the one
drive for just about
any type of con-
troller. With the
click of a mouse,
the Advantage Line

drive is ready for precise control
as an analog input drive for high-
performance servo applications.
Click again and it can accept
standard digital step and direc-
tion inputs from an indexer, giv-
ing you a high-power, high-per-
formance alternative to a stepper
drive without having to replace
or reprogram your controller.
And with its built-in, pre-set
speeds and digital 1/O functions,
you can also use the BRU-Series
to control an induction motor as
a variable speed drive. Just by
selecting a motor, the new BRU-
Series Advantage Line drive auto-
matically configures itself as
either an AC brushless servo
drive or a high-performance vec-
tor drive. The BRU-Series was the

first to integrate brushless servo
and vector drive technology into
a single drive.

Standardizing on BRU-Series
drives for all your applications
means greater flexibility and less
wear and tear on your most
important asset-your people.
With BRU-Series on your
machines, you'll have less inven-
tory on your shelves, fewer spare
parts to track, fewer piles of man-
uals to read through, and less risk
of not having the right spare part
when you need it.

For more information about
the Electro-Craft BRU-Series fam-
ily, call 800-328-3983.

For More Information Write In No. 640

HITACHI DENSHI AMERICA LTD.

Providing Video Solutions

Hitachi Denshi America Ltd., a
part of the international industry
giant Hitachi Limited, has been
operating in the United States for
over thirty years. Hitachi Denshi
is a manufacturer of video cam-
eras and accessory equipment for
broadcast, professional and
industrial use.

Hitachi's Industrial Video
Systems Division has concentrat-
ed much of its product develop-
ment in the fields of medicine,
robotics and machine vision.
Today, Hitachi Denshi is a leading
provider of both color and black
and white cameras to OEMs, sys-
tem integrators, and end users in
these markets.

KPM Series B&W Cameras

One of Hitachi's most popular
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HITACHI

Hitachi Denshi America, Ltd.

cameras is the KP-M1, a very
small, rugged unit using a 2/3"
CCD sensor. This camera has
recently been joined by the KP-
M2 and KP-M3 which use 1/2"
and 1/3" CCDs, respectively.
Many standard modifications of
these units are available.

HV-C20 3-CCD Color
Camera

While less than a year old, the
HV-C20 camera, using 1/2"
CCDs and C-mount optics, has
become a hot product in the
imaging and microscopy market.
The extremely small camera is
digitally controlled, integrates up
to 60 fields, provides field-on-
demand with external triggering,
and can be purchased with either
co-site sampling or spatial offset.

New Full-Line Catalog

To receive information on
Hitachi Denshi's broad line of
industrial video products, fax
your request to 516-496-3718, or
call your regional office: New
York: 516-921-7200; Atlanta:
770-242-3636; Chicago: 708-
250-8050; Dallas: 817-488-4528;
Los Angeles: 310-328-6116.

For More Information Write In No. 639
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SUPERIOR ELECTRIC

Since 1962, when Superior Electric originated AC synchronous and DC stepping motors, the company has
been ranked as one of the leading suppliers of motion control products worldwide.

CONTROLLERS-The most re-
cent innovative product in its
prestigious SLO-SYN® line is the
MX2000 programmable, multi-
axis motion controller. This 32-bit
controller can handle 2 to 8 axes
of servo or stepper motors utiliz-
ing the latest available hardware,
including digital signal processing
(DSP) and custom-programmed,
application-specific integrated

circuits (ASICs). Three modular

enclosure configurations permit
the flexibility of installing a fully
configured, 2-axis controller up to
one that is expandable to 8 axes
in a 19-inch rack frame. Features
are: stepper and servo interface,
multi-tasking capability up to
seven concurrent tasks, up to 352
inputs and outputs separately
scanned for control, advanced
linear and circular interpolation
plus splining, powerful BASIC
language program-
ming, full math
functions of trig,
logs, square root and
Boolean expressions.
Has built-in power
supplies for 90 to
265 VAC opera-
tion. A flow chart,
object-oriented
programming lan-
guage is available.

Superior Electric
is so convinced of
the MX2000 con-
troller's exception-

* One moving part

al capabilities, that it offers a "no-
hassle" performance guarantee of
the return of the cost if the con-
troller does not perform satisfacto-
rily when the installation is made
in compliance with company field
sales or application engineering
recommendations.

Superior Electric's extensive
line of motion controllers also
includes modular and packaged
step motor drives, programmable
indexers and oscillator/analog
speed followers.

DC STEPPER MOTORS-
Brushless, permanent magnet
motors that have full step incre-
ment of 1.8°. Can also operate in
increments of 0.9° to 0.0144°.
Up to 3-1/2 HP available with
appropriate drives. Wide range of
torque ratings.

AC SYNCHRONOUS MO-
TORS-Have extremely rapid
start, stop and reverse character-
istics (within 25 milliseconds or

5° typical); slow basic shaft
speeds of 72 or 200 rpm at 60
Hz. Also available as gearmotors.
Can stall without damage.

SERVO SYSTEMS-Consist of
servo motors with torque ratings
from 7.44 to 708 in-lb continu-
ous; UL-listed, resolver-based
servo amplifiers with 6 to 110 A
peak; UL-listed servo power sup-
plies with direct line voltage
input, shunt overload protection,
multiple amplifier operation.
Amplifiers  packaged  with
MX2000-compatible  controls
available.

For more information, call
800-787-3532 today. We're I1SO
9002 quality certified.

For More Information Write In No. 644

* Virtually instant torque in either direction

* No backlash

* Six model lines with many sizes
* Up to 3000 PSI operating

pressure

* Up to 6 million in. Ibs of torque

* Multiple mountings

+—"280"

Single Vane

End — Base — Foot — Flange

« Journal or Roller Bearing

* 1 vane (280°) or 2 vane (100°)
* Single or double end shafts

» Splined or keyed or special

Double Vane

Suitable for
Servo-Control

Hyd-ro-ac
Hydraulic & Pneumatic
Rotary Actuators

Fluid pressure applied to the vane produces

rotary movement to a maximum arc of 280°.
Double vane models turn out twice the power,
with a maximum arc of 100°. Working parts are

enclosed and sealed.

Micro-Precision

- /
! :

TORQUE

Micro-Precision Operations Inc./Subsidiary of Textron Inc

525 BERNE STREET « BERNE, INDIANA 46711

219/589-2136 » TWX 810-323-1581 « FAX 219/589-8966
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UP TO 741,000 IN. LB. (83733 Nem) HYDRAULIC
UP TO 17,808 IN. LB. (2012 Nem) PNEUMATIC

For details, contact the Actuators Sales Department
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Introduction of
New Designs for
Pneumatic Applications

ROTAC ACTUATORS Z
with Manifold and i _
Feedback for A

Servo Control
Systems

UP TO 21,614 IN. LB.
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PARKER HANNIFIN CORP., COMPUMOTOR DIVISION

Compumotor: A Pioneer in Microstepping and Servo Motor Technologies

Incorporated in 1979, Comp-
umotor earned its reputation for
innovation by pioneering micro-
stepping drive techniques to
improve the smoothness and reso-
lution of step motor control sys-
tems. Compumotor's innovative
leadership has continued to pro-
duce a complete line of stepper
motor and servo drive systems,
computer bus-based and stand-
alone controllers, and extensive
applications software. Parker
Hannifin's acquisition of
Compumotor in 1986 fostered
breakthroughs in servo technology,
followed by AC brushless drives,
DSP servo controller techniques,
and smart drive controller combi-
nations. Today, after a decade of
innovation, Compumotor is among
the largest service-oriented and
most technologically advanced
suppliers of electronic motion con-
trols in the world.

The Complete Solution
We provide more than just the
products necessary for today's

Compumotor's OEM Series is a complete line of controllers, servo systems, and
open-loop stepper systems designed especially for high-volume applications.

demanding automation require-
ments. An accessible network of
knowledgeable worldwide sup-
port resources accompanies
every product. To maintain our
leadership position in the elec-
tronic motion control industry as
a complete supplier of electro-
mechanical solutions, it s
mandatory that we continue to

identify, invest in, and develop
those technologies, products, ser-
vices, and processes that will
always keep our products ahead
of the competition.

Custom Service and
Custom Products

It is impossible to anticipate
every need of every individual

(and unique) customer. After
evaluating our extensive line of
products, you may decide that a
customized version of a standard
product is required. A custom
product can be anything from a
software modification to integrat-
ing our products into larger sys-
tems. Compumotor is prepared to
quickly respond and adapt to
your specific requirements.

The Right Choice

Compumotor's distinguished
product excellence and experi-
ence in the electronic motion
control industry is as far-reaching
as our global support network.
Selecting a Compumotor product
is much more than a decision for
today-it is an investment in your
future.

For more information, write to:
Parker Hannifin Corp., Compu-
motor Division, 5500 Business Park
Drive, Rohnert Park, CA 94928.

For More Information Write In No. 643

KOLLMORGEN MOTION TECHNOLOGIES GROUP,
INLAND MOTOR

New Products for Underwater Applications

Kollmorgen Motion Tech-
nologies Group designs
motion  control  systems
specifically for underwater
and submersible applications.

Our Goldline submersible
DC brushless motor features
stainless steel and aluminum
nickel bronze housings or an
anodized aluminum housing.

All shafts are stainless steel
and the shaft seal is externally
serviceable. Otherwise, all
joints are O-ring sealed and

the standard connectors used

are by Sea Conn. These
motors are pressure-compen-
sated to 20,000 feet and
designed to withstand severe
shock and extreme environ-
ments. Goldline submersible sys-
tems are fully tooled for volume
production and are a cost-effective
solution to your motion control
problem. Motors range in size
from 3" to 8" in diameter and
range from 1 to 40 hp.
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The BDS4S series of motor con-
trollers operates in conjunction
with a three-phase permanent mag-
net brushless DC motor, such as the
Goldline submersible series. The S
series controller is essentially the
same as the standard BDS4 con-

troller, except it can operate from a
single DC power supply. The con-
troller produces three sinusoidal
outputs to the motor. Commutation
and velocity feedback are provided
by a brushless resolver within the
motor.

Kollmorgen has a long
history in submersible prod-
ucts. You will find our
motion control products on
U.S. military submarine and
most tourist class subs as
well. We have been a part of
many scientific underwater
vehicles such as Jason Jr.,
Seaeye Marine 600 MKII,
and SD-1. Other electronic
motor controller systems
also are available. A com-
plete data sheet is available
on request.

For more information, con-
tact Kollmorgen Motion Tech-
nologies  Group, Inland
Motor, 501 First Street,

Radford, VA 24141; Tel: (703)
639-9045; Fax: (703) 731-4193.
For More Information Write In No. 641
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NOOK INDUSTRIES, INC.

For over 25 vyears, Nook
Industries, Cleveland, OH, has
been a major source of linear
motion power transmission com-
ponents. Nook Industries designs,
manufactures and distributes a
broad range of competitively-
priced, energy-efficient linear
motion components, accessories
and systems serving the commer-
cial and military markets and
industrial equipment manufactur-
ers to provide low-cost linear
power transmission and guidance.

Actionjac™ Electric Cylinder
Actuators were developed to fill
the need for an enclosed, electric-
powered, telescoping cylinder
actuator. PowerTrac™ Precision
Ball Screws are used to boost
mechanical  efficiency  and
increase positioning accuracy.
Improved mechanical efficiency
reduces drive motor torque
requirements and hence, required
motor size, by as much as one-
third when compared to a similar
actuator built around a screw with
conventional threads. The electric
cylinder is a clean, compact alter-
native to hydraulic systems and is

capable of precise positioning.
Three model series of
Action)ac  Electric  Cylinder
Actuators are currently available
from Nook Industries with
dynamic load capacities from
500 to 40,000 Ibs. and a broad
range of travel rates: the DD
Series (single reduction), the DDL
Series (single reduction with
torque limiter), and the RAD
Series (double reduction). All
electric cylinders are supplied
with the following options: stan-
dard male clevis mounts; cylinder
bearing supports; integral motors;
hard, chrome-plated inner tubes;
and PowerAc™ Acme Screws or
PowerTrac Ball Screws for long,
predictable life. Accessories
include rod-type or rotary limit
switches. An In-Line Encoder may
be factory-installed for some elec-
tric cylinders in the DD Series.
The Action]ac Electric Cylinder
Actuator is supplied with a stan-
dard 230/460 VAC 3-phase motor
or optional 120 VAC, single-
phase motor. All motors have
spring-applied integral brakes to
help prevent back-driving when

Aetionjac

ELECTRIC CYLINDER ACTUATOR DESIGN GUIDE

the motor power is turned off. The
motor is installed with standard
motor mounts. Standard strokes
up to 120" are available, depend-
ing on the cylinder size.

Electric cylinder actuators are
widely used in industrial and
manufacturing applications and
in steel and paper mills when roll-
type processing equipment needs
periodic adjustment. Electric
cylinder actuators also raise and
position aircraft maintenance
platforms and stages. Commercial
and military satellite antenna

manufacturers are using electric
cylinder actuators for precise
positioning of large, dish-type
antennas.

When compared to air and
hydraulic units, in addition to
providing higher accuracy, they
offer improved energy efficiency
and longer life, frequently at a
lower cost. Electric cylinder actu-
ators also allow cleaner opera-
tion and easier synchronization
in multiple actuator systems.

To receive a free design guide
for Actionjac Electric Cylinder
Actuators, call our Engineering
"Hotline" at 800-321-7800 or
Fax: 216-464-4669. (Actionjac™,
PowerAc™ and PowerTrac™ are
registered trademarks of Nook
Industries, Inc., 23200 Commerce
Park Road, Cleveland, OH

44122-5869.)

For More Information Write In No. 645

OILDYNE INTRODUCES
TWO NEW INNOVATIVE PRODUCTS

um but posi-
tioning and
hydraulic forces
are required.
The cylinder
features a max-
imum 9" stroke
length and
pressures up to

2500 psi. There

%" Bore Smart Cylinder

%" Bore Hydraulic
Smart Cylinder
Qildyne EMC Group has

designed one of the smallest
Smart Cylinders ever available.
The cylinder is a remarkably
small %" bore, complete with an
internal position feedback trans-
ducer that provides for infinite
positioning capability. This is a
perfect package for those appli-
cations where space is a premi-

October 1995

is a miniature

3-pin quick dis-

integral hydraulic proportional
valve pad and valve. Now, for
the first time, it is possible to
have a 1" bore hydraulic smart
cylinder and mini hydraulic pro-
portional valve as one complete
integrated package. This pro-
vides a totally unique product
for those applications where
space is at a premium but
hydraulic forces and positioning
are a requirement.

connect electrical con-
nector for connection to a
PLC or other electronic
motion controller.

Miniature
Valve Pad
Smart Cylinder

Oildyne has also devel-
oped a miniature Smart

Cylinder featuring an

1" Bore with Mini NG3 Valve

For More Information Write In No. 646

These products are a part of a
uniquely designed linear resistor
position transducer family that
allows for internal installation
in cylinders as small as %" bore.
They feature a right angle exit
for an electrical connection that
provides an advantage not
found in most position trans-
ducers. The design also has the
advantage of being manufac-
tured in any length desired
rather than only in 1", 2", or 6"
increments. For hydraulic or
pneumatic applications the
LRT/ MLRT family provides
the designer the opportunity for
the smallest profile, infinite res-
olution, and linearity from .1%
to 1% of stroke, depending on

the model.
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PRECISION MICROCONTROL CORPORATION

Motion Control for Robotics and Machine Automation

Precision MicroControl revo-
lutionized the motion control
industry with the DCX Modular
Motion and I/O Control System.
The DCX system is based on the
concept of Distributed Process
Control, where the intelligence
functions are distributed among
components. The DCX system
uses a Plug-and-Play building-
block approach to motion con-
trol. The result is a flexible, open
architecture platform, allowing
each controller to be individual-
ly configured to match the appli-
cation. The distributed process-
ing design allows motion and I/O
functions to be added without
performance degradation.

The DCX system includes five
Motion Control motherboard
models to choose from support-
ing PC/ISA bus, VME bus, and
standalone applications. With
more than 13 intelligent function
modules, the DCX modular
architecture offers the most flexi-
ble, plug-and-play motion con-
trol environment available today.

If application requirements
change, simply add or subtract
DCX modules. Unlike other sys-
tems, there is no need to return
the controller to the factory to be
reconfigured.

PMC's Software is FREE
PMC is dedicated to producing
state-of-the-art motion and 1/O
control systems. We believe that
hardware and software tools are
best packaged together to insure
compatibility and avoid any hid-
den costs. Software included free

of charge includes: Windows API
(for all Windows programming
environments), Windows Servo
Tuning Utility, DOS API, DOS
High-Level Language Libraries
(C, BASIC, and Pascal), and a
PC/ISA-based, 3-D CNC applica-
tion program.

Motion Control
Programming

All PMC motion controllers
offer the flexibility of two differ-
ent programming environments.
We offer a simple and intuitive

Motion Control Command
Language (MCCL) where
sophisticated Motion and 1/O
functions can easily be imple-
mented by users without previ-
ous programming experience.
For the experienced program-
mer, PMC's powerful Motion
Control Application Program
ming Interface (MCAPI) pro-
vides direct support for pro-
gramming from popular, high-
level programming languages.
In Windows or DOS environ-
ments, the MCAPI utilizes the
PMC Direct Binary Interface to
support high-speed bus commu-
nication.

For more information, contact
PMC Corp., 2075-N Corte del
Nogal, Carlsbad, CA 92009; Tel:
619-930-0101; Fax: 619-930-
0222; E-mail: (for product infor-
mation) pmcinfo@pmccorp.com;
(for technical support) motion@
pmccorp.com.

For More Information Write In No. 647

Excellence in Motion”

As the innovation leader in stepping

control products:

B Encoders
B Step Motors

B Accessories

high performance

B Total Motion Systems
B Power Supplies

W Intelligent Indexer/Drives
W Full, Half, Microstep Drives

motor drives and systems, IMS

INTELLIGENT MOTION SYSTEMS, INC.

511 Norwich Ave., Taftville, CT 068380
Tel: 203 /889-8353 FAX: 203,/889-8720
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Books & Reports

These reports, studies, and handbooks are available from NASA as Technical

Support Packages (TSPs) when a Request Card number is cited; otherwise they
are available from the NASA Center for Aerospace Information.

Mathematics and
Information Sciences

Automated Management of
Documents

A report presents the main technical
issues involved in computer-integrated
documentation. The problems associat-
ed with the automation of management
and maintenance of documents are ana-
lyzed from perspectives of artificial
intelligence and human factors. Tech-
nologies that may prove useful in com-
puter-integrated documentation are
reviewed: these include conventional
approaches to indexing and retrieval of
information, the use of hypertext, and
knowledge-based artificial-intelligence
systems. A particular effort was made to
provide an appropriate representation
for contextual knowledge, including gen-
eration of contexts on hypertext links.
Thus, it was found that indexing of doc-
uments in computer-integrated docu-
mentation is sensitive to contexts.
Theoretical considerations of navigation
in hyperspace, acquisition of indexing
knowledge, and maintenance of large
bodies of documentation are discussed.

This work was done by Guy Boy of
Sterling Software for Ames Research
Center. 7o obtain a copy of the report,
“Computer Integrated Documentation,”
write in 54 on the TSP Request Card.
ARC-13241

Spurious Numerical
Solutions of Differential
Equations

A paper presents a detailed study of
spurious steady-state numerical solu-
tions of differential equations that con-
tain nonlinear source terms. Such model
equations, along with applicable bound-
ary conditions, are used to represent a
baseline study for phenomena such as
chemically reacting flows (e.g., in com-
bustion). The equations are often solved
numerically by time-marching methods,
and the numerical solutions can some-
times diverge, oscillate, or converge to
erroneous solutions, depending on the
spatial and temporal discretizations, ini-
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tial conditions, and the numerical bound-
ary conditions used in the numerical
(e.g., finite-difference) schemes: the
recognition of this fact has given rise to
an interdisciplinary field of study that has
been called “the dynamics of numerics
and the numerics of dynamics.”

The main objectives of this study are
(1) to investigate how well numerical
steady-state solutions of a model nonlin-
ear reaction/convection boundary-value
problem mimic the true steady-state
solutions and (2) to relate the findings of
this investigation to implications for the
interpretation of numerical results from
computational-fluid-dynamics algorithms
and computer codes that have been
used to simulate reacting flows.

This work was done by A. Lafon and
H. C. Yee of Ames Research Center.
To obtain a copy of the report “Dynamical
Approach Study of Spurious Steady-
State Numerical Solutions of Nonlinear
Differential Equations — Ill. The Effects of
Nonlinear Source Terms and Boundary
Conditions in Reaction-Convection
Equations,” write in 56 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center; (415) 604-5104.
Refer to ARC-132089.

More About Spurious
Numerical Solutions
of DEs

A paper discusses the reliability of the
time-dependent approach to numerical
solution of nonlinear differential equations
(DEs) that describe steady-state behav-
jors of physical systems. The time-depen-
dent approach was followed in the relat-
ed study described in the preceding arti-
cle, “Spurious Numerical Solutions of
Differential Equations” (ARC-13209). In
the time-dependent approach, an
approximate numerical solution for the
steady state is obtained by numerically
solving a time- or pseudotime-dependent
version of the discretized counterpart(s)
of the applicable ordinary or partial differ-
ential equation(s) and approaching the
steady state asymptotically. The asymp-
totic results can sometimes converge or
fail to converge to the true solutions, or

converge to erroneous solutions that sat-
isfy the discretized counterparts but not
the underlying differential equations.

The paper notes that nonlinear dynam-
ics and local and global bifurcation theo-
ry can be used to analyze and explain
much of the asymptotic behavior of the
discretized counterparts.

One of the conclusions drawn from the
results of this study and the study
described in the preceding article is that
the use of a time step smaller than the
linearized stability limit does not neces-
sarily result in a true approximation to the
exact solution, even though the initial
data might be physically relevant.

The paper presents a comparison of
the guidelines, assumptions, usage, and
applicability of nonlinear, and of three
methods of linear, stability analysis. It
concludes, from the comparison, that
nonlinear analysis uncovers many of the
nonlinear phenomena that cannot be
predicted by linearized analysis.

This work was done by H. C. Yee of
Ames Research Center and P K
Sweby of the University of Reading. To
obtain a copy of the report, “On
Reliability of the Time-Dependent
Approach to Obtaining Steady-State
Numerical Solutions,” write in 50 on the
TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to the
Patent Counsel, Ames Research Center;
(415) 604-5104. Refer to ARC-13208.

Physical Sciences

Scattering of Nonplanar
Acoustic Waves

A report presents a theoretical study of
scattering of nonplanar acoustic waves
by rigid bodies. The study was per-
formed as part of an effort to develop
means of predicting scattering, from air-
craft fuselages, of noise made by rotating
blades. The basic approach taken in the
study was to model acoustic scattering
by use of a boundary integral equation
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SIMPLIFIED!

LINEAR MOTION

DUA L VEE Slide Components

Economical and versatile system lets you make the slide
to your requirements with off-the-shelf components. B 4
Sizes B Double row Guide Wheel Bearings for long life
and greater load capacity B Adjustable guide wheel
Mounting Bushing to eliminate free play B Track sections
to 20 feet.

ceneramons HEPCO Complete Slides "t
Greater precision with the accuracy ground in. B One 1 ‘
piece Ground Slide with all faces parallel to within .0005 ( ‘
inch per meter of length B Up to 4 meters in one length B [-

Low-profile compact design B Simple adjustment with
eccentric stud for bearing mounting M Increased load/life. _J

IT'S YOUR CHOICE! Either way - you get lower initial costs [ )
..lower maintenance. . .fast and easy installation with a [
minimum of engineering and design time.

Call or write for FREE Catalogs and specifications today!
BISHOP WISECARVER CORPORATION

2104 Martin Way « P.O. Box 1109 « Pittsburg, CA 94565
(510)439-8272 » Fax: (510)439-5931

For More Information Write In No. 446 {

The New OEM Standard

Control and Access Hardware from around the World

Design Engineers—
for the first time

an award winning
product line,
catalog and
support service
program designed
specifically

to meet your needs...

Clan \p Levers
Leveling Pads Small Quantities . |
\ Py .
Same-Day Shipping i)
¢ { B gl
I * International selection of % |
operational hardware for P »
control and access of equipment, o M"“»
Lid St tays Casters machinery and enclosures h,:
i * Products with superior . zh
production, functional and gy, ¥ ‘
aesthetic qualities ~ A ‘
* Innovative QUICK-FAX ‘
program; product I i
: ol information in 90 seconds = A
Hinges Pull Handles i : 1.800 3&9)())6

+ @ | ] | o |

Design Standards By Rogan « 3455 Woodhead Dr.s Northhrook. 11 60062 » FAX: 7085091705 (Starting Feb. 1996 FAN: 847.509.1705) ‘
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to solve the equation by the Galerkin
method. This approach was followed in
solving example problems that involved
point acoustic sources. The computations
by the present approach were found to
converge on the exact solutions much
faster than would computations per-
formed with infinite series according to
the method of separation of variables.

This work was done by Judith M.
Gillman of Ames Research Center,
Farassat of Langley Research Center,
and M. K. Myers of George Washington
University. To obtain a copy of the report,
“A Boundary Integral Approach to the
Scattering of Nonplanar Acoustic Waves
by Rigid Bodies,” write in 7 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center; (415) 604-5104.
Refer to ARC-12837.

Q

Fundamental Limitations
of Passive Power Dividers

Electronic Components
and Circuits

A report presents a novel theoretical
analysis of the performance of passive,
multiport power dividers like those used
to distribute power to the radiating ele-
ments of array antennas. Typically, a unit
cell of a power-divider network is a
three- or four-port subnetwork with one
port terminated, and the subnetworks of
a network are cascaded in multiple lay-
ers, so that insertion losses are of major
concern. Starting with general equations
for a passive power divider, the report
derives a Hermitian dissipation matrix,
Q, that can be expressed in terms of the
traditional scattering matrix, S. Each
eigenvalue of Q represents the fraction
of power dissipated in the network when
the network is excited by an incident
wave represented by the corresponding
eigenvector. The general properties of
Hermitian matrices and the more specif-
ic mathematical properties that repre-
sent passivity are used to draw conclu-
sions about these eigenvalues and
eigenvectors and the corresponding
implications for power-division perfor-
mance. The effects of geometrical fac-
tors in conductors with dimensions that
are appreciable fractions of wave-
lengths, and thus cannot be accurately
modeled as lumped circuit elements, are
also considered. It is shown that passiv-
ity and geometrical factors impose fun-
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damental limits on performance, beyond
the limits imposed by losses in dielectrics
and in the resistances of conductors.
This work was done by Dimitrios
Antsos of Caltech for NASA's Jet
Propulsion Laboratory. 7o obtain a
copy of the report, “Implications of
Passivity on Power Division,” write in 25
on the TSP Request Card. NPO-19600

Study of Corrosion of
Lead-Sheathed Cables

A report presents a statistical analysis
of corrosion failures of the lead-sheathed
cables that serve as the primary commu-
nication links at Kennedy Space Center.
Most of these cables were installed dur-
ing the years 1962 through 1964, and
cathodic protection was added to some
parts of the cable network in 1971 and to
other parts of the network in 1980.
However, corrosion failures continued to
occur. In the study, corrosion-failure data
were analyzed by use of the Weibull dis-
tribution in the effort to assess the effec-
tiveness of cathodic protection and to
predict future failures.

This work was done by Rupert U. Lee
of Kennedy Space Center. 70 obtain a

copy of the report, “Statistical Analysis of
Corrosion Failures of Lead-Sheathed
Cables,” write in 20 on the TSP Request
Card. KSC-11627

@ Mechanics

Alternative Habitats for
First Lunar Outpost

A report describes an investigation of
alternative design concepts for habitable
structures at an outpost to be estab-
lished on the Moon. Beginning with a
baseline habitat concept derived from a
habitat module of the Space Station
Freedom, the investigation was directed
toward modification of the baseline
design to achieve five design goals. The
first goal was better access by personnel
to the surface of the Moon. For example,
the airlock could be relocated under the
habitat for easier access. Alternatively,
the landing spacecraft could be modified
to lower the habitat closer to the lunar
surface so that the height for lifting

objects would be reduced. The second
goal was to provide for future expansion
of the outpost by disconnecting the habi-
tat module from the landing spacecraft
and moving and connecting it to other
modules at the outpost. Provisions for
achieving these goals could include
ramps, suspension cables, hoists, and
equipping modules with limited capabili-
ties as wheeled land vehicles. The third
goal was increasing habitable volume.
This could be done by redesign and by
use of spent fuel tanks as enclosures for
additional habitable space. The fourth
goal was protection against radiation; no
specific action toward this goal was pro-
posed. The fifth goal was reduction of the
overall mass. This could be accom-
plished by redesign, using lightweight
materials like aluminum/lithium and
metal-matrix composites.

This work was done by Charles R.
Fowler, Kauser S. Imtiaz, Irwin E. Vas,
and Gordon R. Woodcock of the Boeing
Co. for Marshall Space Flight Center.
To obtain a copy of the report,
“Alternative Habitats for First Lunar
OQutpost,” write in 34 on the TSP
Request Card. MFS-28953

FURNACE INSULATION

Call, Fax or Write For More Information

,' 1800C FURNACE
AINSULATION MODULE
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For More Information Write In No. 492

PREMIUM GRADE
ALUMINA
INSULATION

SUPERIOR HOT STRENGTH
USES TO 1820C (3308F)
LOW K FACTOR
LIGHTWEIGHT
EASILY MACHINED

STANDARD BOARDS &
CYLINDERS
CUSTOM SHAPES &
INSULATION PACKAGES

() :
Zircar

ZIRCAR Products, Inc.

110 North Main St., P.O. Box 458
Florida, NY 10921-0458
Phone 914-651-4481
Fax 914-651-3192
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COMPUTER
CONTROLLED
VALVES

Brochure describes compa-
ny's line of remote and com-
puter controlled on-off,
metering and servo valves,
pressure generators, automat-
ed pressure and flow control
systems, pressure gauge cali-
bration systems and capabili-
ty for custom configurations. Pressure range: high vacu-
um to 60,000 psi. Tel: 607-257-5544. Toll Free in USA
and Canada: 1-800-825-5764. Fax: 607-257-5639.
Address: 83 Brown Road, Bldg. 4, Ithaca, NY 14850.

Advanced Pressure Products
For More Information Write In No. 300

CycLIiC
PRESSURE
CONTROL
SYSTEM

C.P.C.S. is a Win-
dows-based automatic
cyclic pressure control
system. It supplies
pneumatic or liquid cyclic pressure berween the maxi-
mum and minimum values at a given fixed rate, allowing
fatigue tests of a variety of samples such as artificial arter-
ies. Tel: (607) 257-5544; from USA & Canada: 800-
APP-VALVE; FAX: (607) 257-5639.

Advanced Pressure Products

For More Information Write In No. 301

AUTOMATED
PRESSURE
GAUGE
CALIBRA-
TION
SYSTEM

Fully Programmable Automated Pressure Gauge
Calibration System, available in pressure ranges from vac-
uum up to 60,000 psi: Windows Control software pro-
vided. Both electronic and mechanical overpressure fail-
safe systems with automatic pressurizing fluid refill sys-
tem. Advanced Pressure Products; Tel: 607-257-5544;
from USA and Canada: 800-APP-VALVE; Fax: 607-
257-5639.

Advanced Pressure Products
For More Information Write In No. 302

PMI ANALYTICAL

SERVICES

Porous Materials Inc. offers sam-

ple testing services to determine:

* Gas and liquid permeability

* Bubble point-largest pore size

* Bulk and absolute density

* BET single and multi-point
surface area

* Filter integrity

* Pore analysis using mer-

cury/non-mercury intrusion

J * Adsorption/desorption

isotherms, physisorption or chemisorption (H3, CO,

H20, NH3, CO3, and other gases), liquisorption

* Particle size analysis

Porous Materials Inc.; Tel: 607-257-5544; from USA and

Canada: 800-TALK-PMI; Fax: 607-257-5639.
Porous Materials Inc.

For More Information Write In No. 303

APP ANALYTICAL

SERVICES

Advanced Pressure Products
offers a complete line of
pressure and flow related
services, including the
following:

* Isostatic pressure testing

* Burst testing

* Compression testing

* Pressure gauge calibration
* Flow meter calibration

* Farigue testing

* Leak testing

Advanced Pressure Products; Tel: 607-257-5544; from
USA and Canada: 800-APP-VALVE; Fax: 607-257-5639.

Advanced Pressure Products

For More Information Write In No. 304

APP

APP can custom-design
control systems to meet your pressure and flow control
needs. A full line of pressure and flow gauges, generators,
regulators and valves can all be computer-controlled to
solve virtually any problem you may have. Types of pro-
jects include partial or complete process control for
improved product performance, specialized product test-
ing, automated instrumentation & laboratory automation.
Choice of just consultation, design and documentation, or
complete turnkey systems available. Advanced Pressure
Products; Tel: 607-257-5544; from USA and Canada:
800-APP-VALVE; Fax: 607-257-5639.

Advanced Pressure Products
For More Information Write In No. 305

GAS-ASSIST
INJECTION
MOLDING

UNIT
APP, the world leader in

pressure and flow con-
trol systems, announces the first PC-controlled gas-assist
injection molding equipment (using Windows software).
This flow control system allows for varied wall thicknesses
and provides unsurpassed control over velocity of advanc-
ing plastic melt front. If you are in the injection molding
business, you must contact us to hear about this revolu-
tionary new control technique and 21st century control
software!! Advanced Pressure Products; Tel: 607-257-
5544; from USA and Canada: 800-APP-VALVE; Fax:
607-257-5639.

Advanced Pressure Products

For More Information Write In No. 306

APP POSITION
CONTROLLED
VALVE

The Advanced Pressure

| Products Remote Position
o Controlled Valve provides a
very cost-effective remote controller for metering valves.
The valve is controlled by a single analog voltage which
determines the desired position of the valve. The controller
moves the valve to march this targer position. Automaric
limit protection is provided. Control can be provided from
a sample remote potentiometer, analog voltage or milliamp
output. Advanced Pressure Products, Cornell U. Research
Park, Bldg. 4, 83 Brown Rd., Ithaca, NY 14850-1298.
Tel: 1-800-APP-VALVE (1-800-227-8258).

Advanced Pressure Products

For More Information Write In No. 307

PMI
COMPLETE
FILTER
ANALYZER

. The PMI Complete
'Q\" Filter Analyzer can

. solve all of your filter
testing needs. It combines tests for bubble point, gas per-
meability (liquid permeability is optional), pore distribu-
tion, and filter integrity. Raw filter material and complete
filter cartridges can be tested. Porous Materials Inc.; Tel:
607-257-5544; from USA and Canada: 800-TALK-PMI;
Fax: 607-257-5639.

Porous Materials Inc.
For More Information Write In No. 308
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LITERATURE SK_ )TLIGHT

Apec high-heat polycar-
bonate, known for its
unique combination of high
heat resistance, toughness,
(l'.ln,\p.lrcni}’.

and flowability,

color stability
is described
in a new 16-page color
brochure issued by the
Polymers Division of Bayer
Corporation, Pittsburgh,
PA. The brochure shows

typical applications for this

material, and provides infor-
mation on flame retardance, chemical and stress crack
resistance, solubility and processing methods. Bayer
Corp., Polymers Division, 100 Bayer Road, Pittsburgh,
PA 15205-9741; Tel: 412-777-2000.

Bayer Corp., Polymers Division
For More Information Write In No. 309

Parts Libraries - Computervision

Libraries of compiled macros for CADDS 5 & CADDS 4X
create a wide variety of standard hardware items.

SOLIDS & WIREFRAME, INCH & METRIC

Programs will create all fastener holes « hex nuts « bolts
all screws (soc. hd., slotted, phillips) = washers (fiat, lock,
spring) * pins (dowel, split, cotter, spiral) « retaining rings &
grooves « structural beams (all) * pipe fittings * springs
(compression, extension, torsion) « thread inserts & holes.
1000's of parts. Bill of Materials programs automate the
process of tracking and creating BOMSs, including creation
of graphic BOM table and part labels, works without
CADDS Data Extract. Full 30 day DEMO available.

O Also available: Layer M: S - automates
layer lists, layerchangeswmodels much much more.
Design Solutions Software Co.

Glen Mills, PA 19342 (610) 358-4054

For More Information Write In No. 310

TIME AND
FREQUENCY
PRODUCTS

TrueTime's Precision Time

Fuwlime

and Frequency Products cat-
alog  features  GPS-
Synchronized Clocks in
rackmount, portable, and
board-level configurations.

Included are illustrations and

uhi :
product specs for Synchro-

nized Clocks, Time Code Products, Board Level Products

and Remote Displays. TrueTime products fit a variety of
time and frequency applications. TrueTime, Inc., 2835
Duke Court, Santa Rosa, CA 95407; Tel: 707-528-1230;
Fax: 707-527-6640; E-mail: truetime@nbn.com.

TrueTime, Inc.
For More Information Write In No. 311

Mid-West Fxpres
sm(t,!;rssv,lrs:;s cgmz.! EXPRESS

56-page caralog
describes over 1,500 differ-
ent stock springs and spring

Compression,
extension, torsion, continu-
ous, hot wound, die, extension and specialty springs are
described. Mid-West Express, a division of Mid-West
Spring Manufacturing Company, 1404 Joliet Road,
Unit C, Romeoville, IL 60441; Tel: 800-619-0909.

Mid-West Express
For More Information Write In No. 312

MASS FLOW
METER
APPLICATIONS
HANDBOOK

The new handbook consists

Applications
Handbook

of a series of K-Flow appli-
cation solutions. The

“Application Handbook”

illustrates the flow process
configuration and ABB K-

Flow flowmeter/transmitter

systems used in a variety of process applications.
Applications covered include Mass (Liquid, Gas, Multi-
Component), Density (SG, API, Brix), %Solids,
%Liquids, PID, Ratio Blending, Batching, Proportion-

ing, etc.
ABB K-Flow

For More Information Write In No. 313

(== .
T CYICIA

PCMCIA
DESKTOP
|ADAPTORS

The PCMCIA standard is
the newest technology in
data storage and 1/O for
desktop and mobile com-
puters. Now ENVOY
DATA offers the most
complete line of PCMCIA
Databook adaprors (read-

Into

er/writers) for your desktop
computer. External models connect through the parallel
port while internal models use an ISA interface card. All
models read and write Types I, TI, or Il memory cards.
Tel: 602-892-0954; Fax: 602-892-0029.

Envoy Data Corporation
For More Information Write In No. 314

PIEZOELECTRIC
CERAMICS

A 28-page brochure is a

Morgan Matroc. n

design guide for piezoelec-
tric ceramics in a variety of
shapes and sizes. Piezo-
electric and electromechani-
cal properties for various
PZT materials (lead zir-
e = e conate titanate) are includ-
ed, and various types of

piezoceramic configura-
tions, including stacks and bimorphs® are described. Tel:
216-232-8600; Fax: 216-232-8731.

Morgan Matroc Inc.

For More Information Write In No.315

- | HEIDENHAIN
METRO
INCREMENTAL
LENGTH GAGES

This 24-page HEIDEN-
HAIN catalog features Metro
and Certo digital height
gages, designed for a variety
of applications, including
part, position and motion

measurement. These gages
can be used in the manufacturing environment, both as in-
process and post-process inspection gages. Also ideal for
inspecting parts, monitoring, and calibration of measuring
standards,. HEIDENHAIN Corporation, 115 Commerce
Drive, Schaumburg, IL 60173; Tel: 708-490-1191.

HEIDENHAIN CORPORATION

For More Information Write In No. 316

TECHNICAL FIBRE
PRODUCTS MATE-
RIAL ADVANTAGE

TFP Advanced Fiber
Nonwoven Manufacturer that
produces veils varying from 0.2-
8.0 oz/yd” from virtually any fiber
type. Examples are Carbon,
Aramid, Quartz, Silcon Carbide,
Metal-coated and Glass. TFP’s
accurate fiber blending technolo-
gy can result in a hybrid, provide
a specific resistivity level or utilize a thermoplastic fibre
for molding. TFP also produces Intumescent mat for fire
protection. Tel: 914-355-4190; Fax: 914-355-4192.

is an

Technical Fibre Products Limited

For More Information Write In No. 317

ENGINEERED
MAGNESIUM &
ALUMINUM
CASTINGS

The company, founded in
1945, is a specialist in proto-
type and production castings
for the aerospace, automo-
tive and commercial indus-
Advanced quality and
production control systems
comply with ISO-9000
International Aerospace and all leading government, com-
mercial, military and automortive specifications.
Mechanized green sand, dry sand and permanent mold
processes. On-site heat treating. In-house testing and lab-
oratory facilities. Tel: 216-581-9200; Fax blueprints: 216-
475-6611 for prompt quotes.

Thompson Casting Co. Inc.

For More Information Write In No. 318

tries.

MANUAL &
MOTORIZED

POSITIONING
SYSTEMS

Daedal’s new 300-page

catalog provides specifica-
tions for cross roller and
ball slides; center and side
drive cross roller tables;
closed and open frame
motorized tables; rail tables;
manual and motorized
rotary tables; digital micrometer stages; single and muld-
axis motion controllers; half-step, microstepping, and
servo motor drives; and optical positioners and hardware.

Daedal Div., Parker Hannifin Corp.
Tel: 800-245-6903; Fax: 412-744-7626.

For More Information Write In No. 319

SAFETY PROD-
UCTS FOR

8 MACHINE

| GUARDING

STI's Product Databook fea-
tures Safety Light Curtains,
the most advanced machine
guarding technology. Light
curtains offer a more effective
guard zone than convention-
al barriers and fencing for use around machine perimeters,
robots, and work cells. Additional safety products include
safety mats, palm switches and safety interlock switches
designed to international standards. Scientific Technologies
Inc., 31069 Genstar Road, Hayward, CA 94544-7831;
Tel: 800-221-7060; Fax: 510-471-9752. STI1205a.
Scientific Technologies Inc.

For More Information Write In No. 320
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fu |PRECISION

MOTION

a7 B CONTROL
?' - 0’# APT's 1995/96 172 page step

motor systems catalog, fea-
turing the new Intelligent
Drive series, contains motion

control technical, application
and product data. Definitions,
market applications, compar-
ison charts, specifications
and diagrams simplify the selection process. APl products range
from full/half-step driver modules to high performance

microstep systems. American Precision Industries, Motion
Technologies Group, Controls Div., 45 Hazelwood Drive,
Amberst, NY 14228; Tel: 716-691-9100; Fax: 716-691-9181.
American Precision Industries
For More Information Write In No. 321

AIR FILTERS

Universal Air  Filter
Company manufactures
custom-designed filter prod-
ucts for original equipment
manufacturers. Universal
filters are used extensively in
the electronics, HVAC, dig-
ital switch, medical,
defense, and dara processing
industries. The brochure
describes applications and
engineering and production
capabilities. Universal Air Filter Company, 3400 Missouri
Avenue, East St. Louis, Illinois 62203. Tel: 800-541-
3478; Fax: 618-271-8808.

Universal air filter
Ay

Universal Air Filter Company
For More Information Write In No. 322

CALIBRATION
STANDARDS
CATALOG

1995 catalog of
metrology calibration stan-
dards for surface contami-
nation, critical dimensions,
film thickness, surface pro-
filing, characterization and
more. Important for ISO
9000 certification. From
VLSI Standards, 3087
North First St., San Jose, CA 95134; Tel: 408-428-1800;
Fax: 408-428-9555.

Free

VLSI Standards

For More Information Write In No. 323

REMOTE
VIEWING
INSTRUMENTS
(RVI)

If you have requirements to
observe or visually inspect
items located in inaccessible
areas or hostile environ-
ments, select from over
1800 RVT's outlined in this
new product catalog from
ITI. Borescopes, Fiberscopes and Videoscopes to provide
sharp, clear images never before available. INSIGHT from

the “Leader in Remote Viewing.” Instrument
Technology, Inc. Tel: 413-562-3606; Fax: 413-568-9809.

Instrument Technology, Inc.
For More Information Write In No. 324

OPTICS FOR
METEOROLOGY

New 1995 Catalog con-
tains 120 pages of informa-
tion and prices on tool-
maker’s microscopes, stereo
microscopes, alignment
microscop:s. monocular

zoom microscopes, micro-
telescopes, pocket micro-
scopes, borescopes, micro
video lenses, and fiber optic
and miniature illumination systems. Also described are

centering microscopes, optical cutting tool geometry ana-
lyzers, X-Y tables, and micro-finishing equipment. Tel:
716-873-9907; Fax: 716-873-9998.

Titan Tool Supply Co., Inc.
For More Information Write In No. 325

HIGH
RESOLUTION
DATA
ACQUISITION

FREE booklet shows many
ways to automate data col-
lection using your personal
computer. It comes with a
FREE Instatrend Real-
Time Graphics Demo
Disk. Dianachart, Inc.,
101 Round Hill Drive,
Rockaway, NJ 07866. Tel:
201-625-2299.

HOW TO

MEASURE

LA 8 MOOSTRY

Dianachart, Inc.

For More Information Write In No. 326

OVENS &
FURNACES
UP TO 2700 °F

Capabilities, specifications
and prices for over 250
standard ovens and furnaces
to 2700 °F as well as cus-
tom-designed heat process-
ing systems. Includes: labo-
ratory, bench, cabinet,

truck, walk-in and convey-
or ovens; clean room and
pharmaceutical ovens; laboratory and industrial furnaces
and environmental test chambers. For baking, drying,
pre-heating, annealing, stress relieving, curing, sterilizing,
depyrogenation and heat treating. Tel: 708-546-8225.

The Grieve Corporation
For More Information Write In No. 327

THERMACAM™
FPA IR CAMERA

ThermaCAM™, a palm-
sized focal plane array
(FPA) infrared (IR) camera,
combines state-of-the-art
focal plane array technology
with full infrared tempera-
ture measurement capabili-
ties. ThermaCAM weighs
less than six pounds com-
plete with battery, color
viewfinder and interchangeable lenses; it offers ultra-high
resolution, 12 bit dynamic range, on-board digital signal
processing and PCMCIA storage. Inframetrics, Inc., 16
Esquire Road, N. Billerica, MA 01862; Tel: 508-670-
5555; Fax: 508-667-2702.
Inframetrics, Inc.

For More Information Write In No. 328

E2578.s |PARTS
2= | press

Our FREE catalog features
212 pages packed with
electronic parts for the do-
it-yourselfer. Over 12,000
items including speakers,
semiconductors, tools,
wire, capacitors, hardware,
test equipment, kits, con-
nectors, adhesives, educational books and videos, TV
parts, and much more. Call toll free 800-338-0531. Parts
Express, 340 E. First St., Dayton, OH 45402.

EParts

For More Information Write In No. 329

POSITIONING/
MOTION CON-
TROL CATALOG

NEW, detailed 160 page cat-
alog covers NEATs expand-
ing line of precision position-
ing and motion control com-
ponents and systems.
Featured are single axis, X-Y,
multi-axis, rotary, high vacu-
um, air bearing, and micro-
scope stages. NEAT also pro-
vides a complementary line of stepping and servometer
drives and controls. NEAT specializes in providing modi-
fied, custom, and turnkey SOLUTIONS to a wide range of
positioning and motion control applications. Please contact
our Sales Engineers at 800-227-1066, or send E-mail to
neat@tiac.net for more information.

New England Affiliated Technologies
For More Information Write In No. 330

“HANDS-ON” ADVANCED
COMPOSITE WORKSHOPS—
SINCE 1983

The brochure describes 13
different “hands-on” work-
M shops in advanced composite
materials technology. These
workshops cover fabrication,

repair, manufacturing, tool-
ing, blueprint reading, adhesive bonding, ultrasonic
inspection of composites, and 4 engineering workshops.
Emphasis is placed on prepreg carbon and aramid fiber
materials and processes, utilizing vacuum bagging and
high-temperature curing methods in the oven and auto-
clave. Three workshops are Canadian DOT approved.
REFRESHER WORKSHOPS OFFERED. For a free
brochure, call 1-800-638-8441; Fax: 702-827-6599.

Abaris Training Resources
For More Information Write In No. 331

ELECTRO-
MAGNETIC
DESIGN
SOFTWARE

The legendary Vector
Fields suite of software,
including the TOSCA,
ELEKTRA and OPERA
packages, combines classical
finite element techniques
with user friendly interac-
tive graphics for high accuracy 2D and 3D simulation and
design of all types of electromagnetic equipment.

Vector Fields Inc.
1700 North Farnsworth Avenue
Aurora, IL 60505
Tel: 708-851-1734 Fax: 708-851-2106

For More Information Write In No. 332
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ACCESSORIES

New vacuum accessories
catalog features over 800
affordable products includ-
ing flanges, fittings, con-
struction components, valves,
vacuum gauges and residual
gas analyzers. These high
quality products are backed by Balzers technical service
and support. In-stock items are shipped within 48 hours.
Visa and MasterCard are accepted. Balzers, 8 Sagamore
Park Road, Hudson, NH 03051; Tel: 603-889-6888;
Fax: 800-555-3173; for orders toll-free: 800-555-3172.

Balzers

For More Information Write In No. 333

QUIT GUESSING
SIMULATE IT
T~ “»  |WITH VISSIM™

VisSim is an innovative

| block diagram language for
P nonlinear dynamic simula-
tion. VisSim's uniquely
integrated approach to
model construction and

xecution leads to rapid
prototyping, faster execution, and greater productivity.
NEW! Version 2.0 has MMI. Call: 508-392-0100 or
Fax: 508-692-3102. Visual Solutions, Inc., 487 Groton
Rd., Westford, MA 01886. FREE WORKING DEMO.

Visual Solutions, Inc.

For More Information Write In No. 334

INSTRUMENTS
CATALOG

The new, free 1995-96
Cole-Parmer instruments
catalog contains over 1700
full-color pages and fea-
tures more than 40,000
products covering scientific instruments, equipment, and
supplies. The catalog includes a detailed 40-page product
index and rable of contents, informative introductory
pages for many of the caralog sections, “Hot Tips,” and
an 8-page section of late-breaking products. Contact
Cole-Parmer Instrument Company—in the USA or
Canada, call toll-free 1-800-323-4340.

For More Information Write In No. 335

FREE ACCESS
TO FEDERALLY
FUNDED
TECHNOLOGY

National  Technology
Transfer Center offers free
access to federally funded
technology, an electronic
bulletin board announcing
technology transfer oppor-

tunities, training on tech-
nology transfer issues, and strategic partnering confer-
ences. Why not call (800) 678-6882 today and discover
the research opportunities right at your fingertips.
National Technology
Transfer Center
For More Information Write In No. 336

GET YOUR
HANDS ON THE
PROTECTORe®
GLOVE BOXES
CATALOG

Thumb through this 28-
page, full-color caralog
detailing Labconco's con-

PROTECTH

trolled atmosphere and
multi-hazard glove boxes.
Find complete informartion
on built-in options including the automatic pressure con-
troller with foot pedal and purge/fill controller. Call 800-
732-0031.

Labconco

For More Information Write In No. 337

Installation/repair tools,
tool kits, test equipment,
telecom equipment, LAN
testers & instrument/ship-
ping cases are detailed in
L | is 300+ page full-color
catalog. Includes products
for field service & depor repair. Indexed catalog features
over 100 standard tool kits & complete information on
“customizing” to meet specific customer requirements.
Complete specs & prices are provided for all products.
Tel: 800-866-5353; Fax: 800-234-8286.

Specialized Products Co.
For More Information Write In No. 338

TEMPERA-
TURE INDICA-
TORS AND
MONITORS

This most extensive line of

Tompil
Temperature Indicators

[ |

temperature indicating
products includes sticks,
label monitors, indicating
liquids and pellets for pre-
heat/post-heat welding.
The 8-page catalog discuss-
es hand test kits, metal markets and protective coatings.

Applications cover welding, metal-working, electronics,
nuclear and machinery. Tempil Division, Tel: 908-757-
8300; Fax: 908-757-9273.
Air Liquide America Corp.
For More Information Write In No. 339

SMALL

| COMPONENT

. | ASSEMBLY
| SYSTEMS

An introduction to the
Injected Metal Assembly™
process, used to join small
| components using a special-
ized die casting technique.
Details provided on com-
plete engineering services
and contract assembly services that are available. Call
800-691-3322, ext. 3010. Fishertech Division, Fisher
Gauge Limited, PO Box 179, Peterborough, Ontario,
Canada K9] 6Y9.

Fisher Gauge Limited

For More Information Write In No. 340

HUNTER MINI-
PLATING PENS

Low-cost disposable applica-
tors permit instantaneous
selection from a variety of
plating possibilities without
preparation of solutions.
Specially formulated plating
compounds can be used any-
where; prototype develop-
work,

electronic
instrument repair, contact
repair, etc. Pens available: copper, tin, zinc, nickel, black
nickel, silver, chrome-color, rhodium, palladium and gold
(24, 18, and 14K). Tel: 908-526-8440. Fax: 908-526-8348.

TR PROUCTR, B e e . e ment

Hunter Products, Inc.

For More Information Write In No. 341

LOW-COST PC-
COMPATIBLE
DATA LOGGER

Puts eight thermo couple
channels on monitor, print-
o er, or disk for $279 com-
plete. Specifically for labora-
tory and industrial tempera-
ture monitoring. Avoids
|| complex set-up or installa-

tion and is funcrioning
within minutes. RS-232 interface powers converter and
eliminates sensor wires at computer. Quick-Basic®MS$
source code and compiled program provided. 16-channel
and linear sensor options. Tel: 609-662-7272.

DCC Corporation

For More Information Write In No. 342

> 5 MONIT MONITOR,
RECORD & AN/ RECORD &

WITH THE ASTRO-MED MT95K2 ANALYZE
Astro-Med's 32-channel
recorder with built-in mon-
itor, 170 Mbyte internal
hard drive and front-panel
floppy drive is described in
this illustrated 20-page
brochure. The unit, called
the MT95K2, features
extraordinary capabilities including three on-board analy-
sis programs, Windows host control, Windows data
analysis, and a wide variety of sophisticated data capture
options. Tel: 800-343-4039; Fax: 401-822-2430.

Astro-Med Inc.

For More Information Write In No. 343

ELECTRO-
MAGNETICS

Electromagnetic field simu-
lation software for electro-
mechanical designers.
Visualize field patterns and
flux paths. Solve for force,
[()rquc. indllc[ﬂnc(‘ and
other electrical parameters
on your desktop computer.

Call for information on
Maxwell EM. Ansoft
Corporation; Tel: 412-261-3200; Fax: 412-471-9427.

Ansoft Corporation

For More Information Write In No. 344
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S0y, " IIELECTRO-

CLUTCHES & BRAKES

MAGNETIC
CLUTCHES &
BRAKES

BINcw 128-pg. catalog of
Sl ECTROID’s electro-

magnetic products for

g
-~

rotary motion control.
Pictures, drawings, specs
and technical data on
clutches, brakes, failsafe
brakes, clutch/brake modules, AC mortor brakes, perma-
nent magnet brakes, reversing drives, magnetic particle
devices, power supplies, etc.

ELECTROID

For More Information Write In No. 345

The Capattery is a high-reliabili-
ty double layer capacitor used as
a standby power source in mem-
ory back-up and bridge-power
applications. It has virrually
unlimired cycle life and over 20x
the capacitance density of con-
ventional capacitors. With a
Permselective valve, patented by
Evans, 33 Eastern Ave., East
Providence, RI 02914-2107,
Tel: 401-434-5600; Fax: 401-
434-6908.

CAPATTERY

Evans

For More Information Write In No. 346

FREE! CATA-
LOG FROM MCM
ELECTRONICS

MCM is the industry leader
in the distribution of con-

MCM

ELECTRONICS

sumer electronic repair parts
and equipment. Caralog
#36 includes test equipment
from Tenma, Fluke and
B&K, semiconductors, and
much more. Over 21,000
items are in stock and ready
to ship from distribution centers near Reno, NV and

CALL TOLL FREE 1-800-543-
ax LI 0014

Dayton, OH, providing two day shipping to most of the
continental US. A "must have” for all service technicians
and electronics enthusiasts. Tel: 800-543-4330. TB02

MCM Electronics
For More Information Write In No. 347

WAVE/COM-
PRESSION
SPRINGS

Just updated, Caralog
#WS-93 contains NEW
stock sizes of wave/com-
pression springs available
from stock, including
spring design formulas,

materials guide and typical
applications. The manual describes the many advantages
of Smalley’s exclusive edgewinding manufacturing
process. Smalley springs, available from 3/8" to 84" in
diameter, are produced by circle-coiling flat wire to exact
specifications involving ne dies or special tooling
charges. Tel: 708-537-7600; Fax: 708-537-7698.

Smalley Steel Ring Co.
For More Information Write In No.348

LS FREE LAMP
2 gl CATALOG
Yy
»/r v This catalog features
replacement lamps at dis-
count prices for all types of
equipment. Lamps for
audio-visual, photographic,
micrographic, and graphic
arts equipment. 100% guar-
4‘”(&'('(1 hr.,ln(l “J[“L‘.\*[\)“‘

free ordering-no minimum

order. All deliveries via
Second-Day Air at NO extra cost. Also, lamps for medical
and electronic instruments, microscopes and video use.
Tel: 800-772-5267; Fax: 800-257-0760. PSC Lamps
Inc., 1 Fishers Road, Pittsford, NY 14534-9511.

PSC Lamps Inc.

For More Information Write In No. 349

MERCURY
ROTATING
ELECTRICAL
CONNECTORS

Mercury-wetted contacts are

Mercury Re

trical Conne

covered in brochure. They
are superior to conventional
slip rings and feature sealed,
ball bearing construction.
Durable, compact, low-cost

connectors offer reliability,
extremely low electrical noise, and less than 1 milliohm
resistance. Ideal for computers, instrumentation, thermo-
couples, cable reels, strain gauges, packaging equipment,
robotics, turntables, testing, and control devices. Mercotac
Inc., 6195 Corte del Cedro #100, Carlsbad, CA 92009.

Mercotac Inc.

For More Information Write In No. 350

SEALED
THREADED
CONNECTORS

Brochure provides informa-
tion on finishes and dia-
grams of pin conract
arrangements of the DS
DETORONICS series glass-to-metal hermeti-
cally sealed miniature con-

™y nectors used where Vacuum,

Gas or constant Pressure is
required for Sensors, Valves, Instruments or Refrigeration.
Detoronics Corp., 10660 East Rush St., So. El Monte, CA
91733-3432; Tel: 818-579-7130; Fax: 818-579-1936.

Detoronics Corp.

For More Information Write In No.351

JlIBPICKER PNEU END
JUIRGRIPPER EFFECTORS

Move it, hold it, pick it up,
collar it, position it with
Firestone Industrial Product
Company's new pneumatic
end effectors-AirPickers®
and AirGrippers™. They
combine air pressure control
with the slip resistance of
rubber for gentle yet sturdy
component handling. New
brochure includes product specs and selection criteria.
Firestone Industrial Products Company, Carmel, IN; Tel:
800-888-0650.

Firestone Industrial Products
For More Information Write In No. 352

SERVO
SYSTEMS

Cartalog SVO-595 describes
SLO-SYN® §52000 Servo
Systems consisting of motors,
amplifiers, controls and power
supplies. Brushless motors
employ resolver feedback and
are precisely matched to
amplifiers. Torque ratings
from 7.44 to 708 in-Ib con-
tinuous. Three-phase, sine
wave, brushless amplifiers have peak power rating of 6 to 110
A RMS. Control-amplifier combination utilizes 1 or 2 axis.
Windows-based, icon-driven programming utility and
BASIC-like commands. Superior Electric, 383 Middle Street,
Bristol, CT 06010; Tel: 800-787-3532 or 860-585-4500.
Superior Electric

For More Information Write In No. 353

QUIET COM-
PRESSED AIR!

JUN-AIR's new brochure
shows you only a few of the
possibilities. Compressors
range from oil-lube to oil-
less, 110V DC, 0.25-3.0
HP, 0.7-11.0 c¢fm, maxi-
mum pressure 120 psi.
Vacuum pumps and cus-
tom-designed compressors

to customers' specifications
also featured. Join over 250,000 satisfied customers in
over 50 countries worldwide enjoying their JUN-AIR
compressors. Ask about our line of "Quiet" compressors.
Tel: 800-4JUN-AIR.

JUN-AIR

For More Information Write In No.354

NEW! OPTICAL
REFERENCE
CATALOG

Edmund Scientific's free

BaH scenic

228-page, color technical
reference catalog features one
of the largest selections of
precision off-the-shelf optics
and optical instruments, plus
a complete line of compo-
nents and accessories for
both large volume OEM users as well as smaller research
facilities and optical laboratories. Contains over 8,000
hard-to-find items, including a large selection of magni-
fiers, magnets, microscopes, telescopes, and "machine
vision" products. Tel: 609-573-6259; Fax: 609-573-6233.
Edmund Scientific Co.,
Dept. 15B1, N954
For More Information Write In No. 355

MICRO-TRACK
DIGITAL
CASSETTE
RECORDING

This new 60-page handbook
is a guide for engineers in
the defense, aerospace,
remote sensing and related
sectors involved with caprur-
ing, processing and archiv-
ing large volumes of instru-
mentation data. Covers latest technologies, interfacing and
applications. Available free to qualified applicants. Penny
& Giles Data Systems, 3100 Medlock Bridge Road,
Norcross, GA 30071; Tel: 770-448-9737 or +44 (0)1749
675454; Fax: 770-448-4719 or +44 (0)1749 676678.

Penny & Giles Data Systems
For More Information Write In No. 356
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=] O-RING
SEALED TUBE
FITTINGS

Full line of flat-faced, O-
ring sealed tube fittings
offering slip-in/slip-our ease

MARK VIl O-SEAL Tubs Fittings

and leakproof connections
from vacuum to 6000 psi or

more described in CPV
Catalog 74. Choice of steel

or stainless steel in OD tube
sizes from 1/8" to 2". CPV
Mfg. Inc., 851 Preston St., Philadelphia, PA 19104; Tel:
215-386-6508; Fax: 215-387-9043.

CPV Mfg. Inc.

For More Information Write In No. 357

1995 ROGAN
KNOB
CATALOG

The complete lineup of
Rogan knobs and dials-
including a range of new
offerings—is featured in their
new fully illustrated catalog.
New products included in
this edition are several new
Pure Touch Knobs™ such as
clamping knobs in an
expanded range of sizes, the all new five-lobe clamping knob
and raised bar pointer knob. Rogan Corporation, 3455
Woodhead Dr., Northbrook, IL 60062; Tel: 800-423-1543;
Fax: 708-498-2334.

Rogan Corporation
For More Information Write In No. 358

THERMOFOIL™
HEATERS

Bulletin HS-201 lists over

200 sizes and resistances of

® THERMOFOIL HEATERS

etched-foil heating ele-
SR, Included
= Kapton, silicone rubber,
and mica insulated models
for acrospace, medical, and
industrial devices. The 32-

ments. are

MINCO
page catalog offers complete

technical specifications,
custom design information and application ideas to help
the reader solve unique heating problems using
Thermofoil technology.

Minco Products Inc.
For More Information Write In No. 359

THERMAL
SPRAY
PRODUCTS &
SYSTEMS

Free brochure describes the
thermal spray process as
used to apply metal, ceram-
ic, and cermet coatings.

Process has applications in

*‘

ery, petrochemical, power generation, and general manu-
facturing industries. Miller Thermal, Inc. is a full-line
producer of thermal spray products and integrated ther-
mal spray systems. Tel: 414-734-9292; Toll-free in USA
and Canada: 800-637-8307; Fax: 414-734-2160.

Miller Thermal, Inc.
For More Information Write In No. 360

2 et o the acrospace, automorive,

biomedical, turbomachin-

Available free from ESPI is
their 483-page catalog con-
taining information on high-
purity metals, alloys, chemi-
cals, single crystals, rare
carths, and exotic and pre-
cious metals. The catalog is
organized into nine sections:
high-purity metals and com-
pounds, alloys, sputtering
targets, vacuum deposition
and evaporation materials,

phosphors, fasteners, single
crystals, ceramics, and DeContam, ESPI's biodegradable,
noncorrosive, nonfoaming cleansing agent.

Electronic Space Products
International
For More Information Write In No.361

205,000 REASONS WHY
YOUR AD
BELONGS HERE

NASA Tech Briefs' Literature Spotlight section
offers a low-cost way to reach over 205,000
industry and government LEADERS with your
advertising message. These are technology man-
agers, design engineers and scientists with
tremendous buying power. The December
1995 issue is your next opportunity to use this
high-impact sales tool. For more information or
to reserve space in Literature Spotlight, contact
your NASA Tech Briefs sales representative, or
call Joseph Pramberger at (800) 944-NASA.

FREEPOINT@D

Real Time 30 Modeling Tool

New! 3D Digitizer for:
* Reverse Engineering
* Rapid Prototyping
* Modeling, Design, etc.
Unique Features:
* Large volume--16'x8'x8'
* Digitize any material
* Hand-held flexibility
" Call for a FREE brochure or
demo: Tel: 410-381-6688; Fax: 410-290-9065.

Science Accessories

For More Information Write In No. 363

OPERATOR
INTERFACE

The ProPanel® is a PC-based
operator interface with a full-
color, TFT active matrix LCD
in a compact, environmentally
sealed and rugged enclosure
that NEMA 4/12
requirements. Touchscreen option available. The Purged

meets

ProPanel is approved for use in Class I, Division 1 and 2
and Zone 1 hazardous locations. Successful harsh environ-
ment applications include aluminum, food, pharmaceuti-
cal, and pulp and paper; hazardous location applications
include offshore drilling, gas pipeline and chemical. Azonix
Corporation, Billerica, MA; Tel: 800-365-1663; Fax: 508-
670-6300.

Azonix Corporation
For More Information Write In No. 364

NEW LINEAR
ACTUATORS

BS&A
Ly "Super Mover" electro-

s

introduces new
mechanical linear actuators.
Super Movers are srock
items with load capacities
from 25 to 1000 pounds
and standard strokes from 2
to 24 inches. Super Movers
come with either AC or DC
motors and are completely
sealed and weather resistant. Clean, controllable replace-
ment for air and hydraulic cylinders. Contact Greg
Traeger, Sales Manager; Tel: 800-882-8857.

Ball Screws & Actuators Co. Inc.
For More Information Write In No. 365

NEW KIND OF
VIDEO
TEACHES FEA
LESSONS

Finite Element Analysis In

Action! is a new kind of instructional video for engincers.
Live lab and computer demonstrations show how to bet-
ter use any FEA software. A case study of brittle frac-
ture-which can happen to almost any material, even
steel-provides real-world examples. Two lab experiments
and two FEA analyses are conducted and the results com-
pared. Demonstrates specific modeling and analysis tech-
niques for predicting lab results with FEA. Tel: 800-482-
5467; URL: hetp://www.algor.com/apd.htm.

APD

BOOK DELIV-
ERS REAL-
WORLD FEA
INSTRUCTION

FEA reference/textbook offers
a blend of theory & real-
world engineering examples.
Dr. Constantine Spyrakos—
well-known finite element
stress & vibration analysis
expert-has created a reference
for all mechanical engineers from designers to "gurus.” Richly
illustrated hardcover book includes a disk with every example
problem. Subjects include: FEA basics, element types, model-
ing, types of analysis & the interpretation of results. Tel: 800-
482-5467; URL: hrtp://www.algor.com/apd.htm.

APD
For More Information Write In No. 367

HOUDINI
VIDEO TRAIN-
ING KIT FOR
AUTOMATIC
CAD-TO-FEA

Learn to use Houdini to automatically produce 8-node
"brick" finite element models from CAD solid models for
analysis by any FEA software. The kit includes: The world
of Houdini training video; Complete training notes from
Algor's 2-day Houdini seminar; A CD-ROM with models
from the video for PC and UNIX; and Viewpak software to
view the models on your compurer. Tel: 412-967-2700;
URL: htep://www.algor.com.

Algor, Inc.
For More Information Write In No. 368
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CIERARTUARE O

INSTRUPEDIA™
FROM NATIONAL
INSTRUMENTS

National Instruments has a
free new CD-ROM reference
containing instrumentation
information for test and mea-
surement and process moni-
toring and control applica-
tions. The Windows-compati-
ble Instrupedia features more
than 60 application notes on
combining hardware and software to build computer-based
systems for instrument control and data acquisition, analysis,
and presentation. Tel: 512-794-0100; 800-433-3488 (US
and Canada); Fax: 512-794-8411; E-mail: info@natinst.com;
WWW: hetp://www.natinst.com.
National Instruments
For More Information Write In No. 369

The Journal of Phase
Equilibria includes original
research on phase equilibria
and the determination of
phase diagrams and their
evaluations for alloy systems.
This international, peer-
reviewed journal is published
bimonthly and is your com-
plete source for the latest,
most accurate information
available in the field. ASM

International, Member
Services Center, Materials Park, OH 44073-0002.

ASM International

For More Information Write In No. 370

30s comnine

DESIGNING

WITH SILASTIC
SILICONE
% | RUBBER

Brochure highlights engi-
4 4 neering features and physical
properties of SILASTIC® sil-

icone rubber. Outlines
DESIGNING S :
WITH SILASTIC® mechanical, electrical, and
SILICONE RUBBER

chemical properties as well as

thermal characteristics and

flammability. Description of specific material types, includ-
ing high-strength, extreme temperature, and fuel-resistant.
Typical applications include gaskets, dielectric parts, wire
insulation, molded components. Dow Corning ST1, 47799
Halyard Drive, Plymouth, MI 48170.

Dow Corning STI
For More Information Write In No. 371

Westinghouse Savannah
River Company, Aiken, SC,
just released a booklet on
Savannah River Technology
Center, the applied research
and development laboratory
at the U.S. Department of
Energy's Savannah River
Site. Laboratory expertise
includes applications in
hydrogen technology, envi-

ronmental remediation,

waste management, vitrifica-
tion, sensor technology, and robotics and remote systems.
Savannah River Technologies, Aiken, SC; Tel: 803-652-
1889; Fax: 803-652-1898.

Savannah River Technologies
For More Information Write In No. 372

i

CIRCUIT
SPECIALISTS
FREE
ELECTRONIC
PRODUCTS
COLOR
CATALOG

128 pages, offering
Industrial PCs, Data Acqui-
sition

wo OUTPERFORM

them all

i L] 5

Products, Test
Equipment, Educational Robotics, Semiconductors,
Desktop Computers, Computer Boards, Breadboarding
Supplies, ICs, Passives, Tools, and much, much more!

24-hour Catalog Request Line: 800-811-5201, Ext. 5.

Circuit Specialists, Inc.
For More Information Write In No. 373

SONEX™
NOISE
CONTROL

A new standard has been
set in acoustical treatments
and noise control materials.
illbruck's SONEX products
deliver the highest perfor-
mance available today, with
materials  completely

FIBER-FREE and CLASS

1 rated. Call or send today for all the product informa-
tion and technical specifications. illbruck, inc., 3800
Washington Ave. North, Minneapolis, MN 55412; Tel:
800-662-0032 or 612-520-3620.

illbruck, inc.
For More Information Write In No. 374

FUZZY LOGIC
TOOLS

HyperLogic offers Win-
dows-based software for
creating fuzzy logic rule-
based systems. CubiCalc
is an interactive environment for creating, analyzing, and
using fuzzy rules. Also available: Programming tools for
embedded or real-time systems in C/C++, programming
support for Windows applications in C/C++ or Visual

Basic, automatic rule generation software. HyperLogic
Corporation; Tel: 619-746-2765 or 800-789-9780; Fax:
619-746-4089.

HyperLogic Corporation

For More Information Write In No. 375

PRECISION
TEST &
MEASUREMENT
INSTRUMENTS

A new, full-color test and
measurement catalog from
Gould Instrument Systems,
Inc. provides descriptions of
Digital Storage Oscillo-
scopes, Recorders, Data
Acquisition Systems, Signal
Conditioners, and Analysis Software. Also included are tra-
ditional recorders and recorder products for field service and
lab applications and products. For a free catalog, call 216-
328-7000; Fax: 216-328-7400. Gould Instrument Systems
Inc., 8333 Rockside Rd., Valley View, OH 44125.

Gould Instrument Systems Inc.
For More Information Write In No. 376

EXCELLENCE
IN MOTION -
1995/1996
EDITION

The 1995/1996 edition,
full-color positioning equip-
ment technology guide from
Anorad  provides an
overview of engineered
4’».1 motion control solutions for
many industries. The
brochure presents Anorad's broad array of positioning
technologies including linear, rotary and air bearing stages;
linear servo motors; gantry systems and controls. An easy-
to-use selection guide is included to help users select the
most appropriate equipment for their application.

Anorad Corporation
For More Information Write In No. 377

OrriciaL NASA Cars

Black cap with gold leaves
and official NASA insignia.

Only $9.95 each!

Please send (insert quantity) NASA caps.
Add $5.00 for handling and shipping charges.
NY residents add sales tax.

TOTAL Enclosed: $
NAME
ADDRESS
cIry
STATE ZIP

Mail payment to: NASA Tech Briefs, Dept F
41 East 42nd St., Suite 921, New York, NY 10017

For credit card order call (212) 490-3999

OMEGA UNI-
VERSAL GUIDE
TO DATA
ACQUISITION
& COMPUTER
INTERFACES™

OMEGA Engineering Inc.

announces the release of its

latest publication. This

500-plus page handbook is packed with technical infor-
mation and the latest product developments in automat-
ed dara monitoring and control. For more information
on this new literature, contact OMEGA Engineering,
Inc., or use our OMEGAfaxM service to request
Document #9988 by calling 800-848-4271.

OMEGA Engineering, Inc.

For More Information Write In No. 379

FASTENING &
ASSEMBLY
SOLUTIONS

Find out how Camcar
Textron's broad line of fas-

e

teners, cold formed compo-
nents, assemblies and inno-
vative services, including
the TORX PLUS® Drive

System, fasteners for metals

[

and plastics and more, can

improve productivity, enhance quality and lower costs.
Call: 800-544-6117 for immediate information.

Camcar Textron

For More Information Write In No. 380
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Mathcad 6.0 for Windows mathe-
matical software from MathSoft Inc.,
Cambridge, MA, integrates World
Wide Web and Lotus Notes connec-
tivity, messaging and authoring fea-
tures, and math, science, and engi-
neering calculation tools in a single
environment. The 32-bit program fea-
tures new statistics and data analysis
functions, visualization tools, and text
formatting. The PLUS Professional
Edition costs $349.95; the Standard
Edition is $129.95.
For More Information Write In No. 720

HEM Data Corp., Southfield, MI, has
released Snap-Master General Analysis
3.0 data analysis software. An
Equation Builder guides users through
statistical analysis, digital fittering, inte-
gration, differentiation, arithmetic, and
correlation functions. The Windows-
based program is priced at $495.

For More Information Write In No. 721

Visio Corp., Seattle, WA, has intro-
duced version 4.0 of Visio® and Visio
Technical drawing and diagramming
software. Optimized for Windows 95
and other Windows-based programs,
Visio is designed for creating a range of
diagrams; Visio Technical is for creating
and sharing 2D drawings and technical
schematics. Both versions create flow-
charts, time lines, management dia-
grams, and geographic maps. Visio is
priced at $249; Visio Technical is $399.
For More Information Write In No. 724

Working Model® version 3.0 motion
simulation software from Knowledge
Revolution, San Mateo, CA, features
new parametric design capabilities, a
scripting language for user customiza-
tion, a faster dynamics engine, and
more file export choices. Product engi-
neers can test mechanical systems in
early stages. The cost: $2495.
For More Information Write In No. 722

National Instruments, Austin, TX, has
introduced Measure™ data acquisi-
tion and serial control software, a
Windows-based spreadsheet add-on
that combines Microsoft Excel with
interactive menus for direct data
acquisition, analysis, and report gen-
eration. The program costs $495.
For More Information Write In No. 723

FEA PowerSystem 95 v5.4 finite ele-
ment analysis software from Aegis
Software Corp., Pittsburgh, PA, allows
finite element analysis of CAD solid
model designs on a Windows-based
PC system. Solid models from most
CAD programs can be translated, and
surfaces and solids can be meshed
automatically with an optional module.
Static, dynamic, and thermal analysis
input files are translated directly and
launched automatically from a pre-
processor. Prices start at $2995.
For More Information Write In No. 726

MIL-STD-1553, PCM
ARINC-429, RS-422

—— ME-981 ENCODER
TEST IRIG TIMECODE
VOICE
AIRBORNE VIDEO RECORDER

VIDEO CASSETTE

J s? | e |
3 { DATA B
JANALYSISH

IRIG TIMECODE
VOICE

ME-891 DECODER

Merlin ME-981/991 systems use low-cost video tape recorders to
capture over 2 hours of continuous data at rates :
up to 2.2 Mbits/sec. Open design permits use of
interchangable interface modules for a flexible
data recording system. The ME-981 is qualified
to Mil-Std-810E and is available in both ruggedized
and rack-mount configurations.

Merlin

MERLIN ENGINEERING WORKS

1888 Embarcadero Rd., Palo Alto, CA 94303 Phone (415) 856-0900

For More Information Write In No. 447

WorldUp™ virtual reality and simu-
lation software from Sense8™
Corp., Mill Valley, CA, allows modifica-
tion of real-time object behavior and
scene characteristics while the simu-
lation is running. Based on the
WorldToolKit™ program, it does not
require C programming, but rather,
uses an interpreted language similar
to Visual Basic and a graphic user
interface based on Windows and
Motif components. It includes tools
for modeling, building, and animating
objects and environments, and
accepts 3D models created in other
CAD packages. Prices start at $3500.
For More Information Write In No. 725

Numera Software, Seattle, WA, has
introduced a Windows 95-based ver-
sion of Visual CADD 2D drafting
software. Mechanical engineers can
use any Windows programming lan-
guage or the built-in scripting lan-
guage to customize the program. The
new version is 300% faster, and fea-
tures enhanced output capabilities
and compatibility with other CAD pro-
grams, including AutoCAD. The soft-
ware costs $595.
For More Information Write In No. 727

1 > & O ‘» \ “1 o ¢ O ¢ ‘a O ¢
Thermofoil™ Heaters
put the heat where vou need it

Flexible etched-foil heaters e Odd shapes, profiled or mul-
tiple elements e Efficient heat transfer: Up to 110 W/in?
 200°C polyimide, 235°C rubber, 600°C mica, 120°C
transparent insulations e Optional sensors & controllers

Precise, reliable heating « Minimal space, mass, & design

overhead » Medical diagnostic instruments e Aerospace

devices « Commercial appliances e Packaging machinery
« Scientific instruments e Electronics

NASA Tech Briefs, October 1995

M I Nco PRODUCTS, INC.

7300 Commerce Lane » Minneapolis, MN 55432-3177 U.S.A.
Telephone: (612) 571-3121 « FAX: (612) 571-0927

For More Information Write In No. 448 111




Product of the Month

For More Information Write In No. 700

Parker Hannifin Corp., Compumotor Division,
Rohnert Park, CA, has introduced the ZETA
Drive microstepping motor/drive system
incorporating three patent-pending features:
electronic damping, built-in stall verification,
and electronic viscosity for greater usable
torque and reduced settling time. According
to the company, it is the fastest and smallest
microstepping drive of its type, and is an
alternative to open loop motion control sys-
tems. The drive measures 8.8" x 2" x 6.1",
handles torques from 65 to 400 oz.-in., and
operates at continuous speeds to 3000
RPM. ASIC-controlled microstepping is pro-
vided in 16 standard, selectable resolutions
to 50,800 steps per revolution.

The Metricor 2000 modular, muilti-
parameter fiber-optic sensor system
from Photonetics Inc., Wakefield, MA,
measures over 20 physical parame-
ters-such as temperature, pressure,
and void fraction-for which over 50
application-specific probes are avail-
able. Any combination of probes can
be mixed in a four-channel unit; sin-
gle-channel and multiplexed units also
are available.
For More Information Write In No. 701

The 1220DX digital engineering copi-
er/plotter from JRL Systems Inc.,
Austin, TX, can be attached to a high-
speed scanner for wide-format copy-
ing. It features enlargement, reduction,
contrast adjustment, and copy count.
The unit accepts input from an aperture
card scanner, and enables scanned
files to be saved and uploaded using
optional software and a PC.
For More Information Write In No. 702

The TP Series air temperature mon-
itoring switches from Cambridge
AccuSense Inc., Shirley, MA, can be
installed anywhere in the cooling air-
flow to monitor ambient air tempera-
ture upstream or downstream of
cardcages, power supplies, or filters.
The solid-state, hysteresis-free
switches operate from 0° C to 70° C
and are compatible with most logic,
relays, and indicators. They can trip at
either one or two specified tempera-
ture setpoints with +1° C accuracy.
For More Information Write In No. 705

M.M. Newman Corp., Marblehead,
MA, has introduced custom extrud-
ed Teflon® tubing formulated of
TFE, FEP, and PFA in flexible paste or
rigid granular types with graphite,
carbon, and glass fillers. Available in
custom colors and sizes, it operates
from -268° C to +260° C and is
chemically inert, nonflammable, and
suitable for use in industrial, medical,
and laboratory applications.

For More Information Write In No. 709

| itizer tablets from Summagraphics

The Summa Expert™ computer dig-

Corp., Austin, TX, are 12" x 12" and
12" x 18" tablets with an intuitive
interface for 3D rendering, CAD,
graphic design, animation, and multi-
media development. They provide
256 levels of pressure and are avail-
able with three pointing options: a
cordless, three-button, pressure-sen-
sitive pen; a cordless, four-button,
articulating cursor; or a cordless, 16-
button cursor. Accompanying soft-
ware provides compatibility with PC
and Mac platforms.
For More Information Write In No. 712

The VideoTherm 91S infrared cam-
era from |S.I Group Inc,
Albuquerque, NM, weighs only 4.5
pounds with the viewfinder and mea-
sures 4" x 4-3/8" x 7-3/8". The cam-
era requires no coolants and features
a built-in microphone. Images collect-
ed on videotape can be analyzed and
enhanced with InfraSoft software that
converts data from radiometric to tem-
perature values.
For More Information Write In No. 703

Precision Navigation Inc., Mountain
View, CA, has announced the AX100
DHS and AX100 EGI navigation
devices. The DHS is an attitude
heading reference system that pro-
vides compass, tilt, and rotation infor-
mation, and is designed to replace
mechanical or fiber-optic gyroscope
systems. The EGl is an inertial naviga-
tion unit with an embedded GPS
receiver that provides position, direc-
tion, and orientation.

For More Information Write In No. 706

The Sensorpad™ position sensing

element from New England
Instrument, Woonsocket, R, inte-
grates either internally or externally a
military-grade position sensor into any
device requiring position feedback.
The sensing element is thin, frame-
less, and can be rigid or flexible with
physical characteristics that may be
modified for specific applications. It
can be used in servo control systems,
robotics, medical instrumentation,
gimbals/actuators, and transducers.

For More Information Write In No. 710

Elmo Mfg. Corp., New Hyde Park, NY,
has introduced the Model 1322N
color monitor that measures 13"
diagonally and features a front-panel
A/B switch. Other features are switch-
able B and C camera inputs with
loop-through for both, and automatic
V-hold circuitry. Front-panel picture
controls include contrast, brightness,
and color rendition. The monitor can
be used for most color applications
with over 300TV (H) line resolution.
For More Information Write In No. 713

The DataSYS 765 four-channel direct
recording oscilloscope from Gould
Instrument Systems Inc., Valley View,
OH, is a waveform recording and tran-
sient capture instrument combining a
traditional recorder and digital storage
oscilloscope in one package. Users
can record data directly to disks or
memory cards at up to 250 k sam-
ples/second, or capture random
events with durations of 10 ns.
For More Information Write in No. 704

Bishop Wisecarver Corp., Pittsburg,
CA, has introduced the HEPCO Ring
and Track linear motion system for
applications such as pick-and-place
units, robots, and laser engravers that
require circular, oval, and other curved
linear motion in any plane. The steel
ring and oval slides provide 90°, 180°,
or 360° circular motion around nine
diameters from 105 mm to 1109 mm.
For More Information Write In No. 707

Tektronix Inc., Beaverton, OR, has
announced the THS 710 and THS
720 TekScope handheld oscillo-
scope/digital multimeter for trou-
bleshooting electronic equipment.
The device has an integrated 3-3/4-
digit, 4000-count DMM with RMS
for basic voltage, current measure-
ment, and data logging. It is avail-
able with a portable printer, external
fast charger, and additional voltage
and current probes.

For More Information Write In No. 711

The MVS modular machine vision
system from Imaging Technology
Inc., Bedford, MA, is available in two
pre-packaged, expandable configura-
tions for systems integrators and
OEMs in machine guidance, industrial
inspection, biomedical image analy-
sis, and defense applications. The
Windows-based system consists of
image vision processing hardware
and software, including a SVGA
graphics board, two color monitors, a
keyboard, and a mouse.

For More Information Write In No. 714

The VMC 186/40-TQ four-axis
motion controller from Delta
Computer Systems Inc., Vancouver,
WA, provides coordinated position
control and equipment or material
movement for automation systems
that use the VME Open Bus architec-
ture and employ both quadrature
encoders and magnetostrictive dis-
placement transducers. It is designed
for steel, plastic, rubber, automotive
parts, and other manufacturing pro-
duction line automation applications.
For More Information Write In No. 708
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| Paroscientific Inc., Redmond, WA,

| sors, pressure computers,

offers a six-page brochure of
Digiquartz® pressure instrumenta-
tion products. Included are trans-
ducers, transmitters, depth sen-
fiber-
optic systems, barometers, and
portable standards.

For More Information Write In No. 740

3D Systems, Valencia, CA, has |
released a six-page brochure on
QuickCast™ metal parts manufac-
turing technology for rapid proto-
typing before the hard-tooling |
process. The technology replaces |
wax patterns with resin patterns, and
cuts production time of metal parts.
For More Information Write In No. 741 |

An eight-page brochure from CMX

Systems Inc.,, Wallingford, CT,

describes servo positioning systems.

A description of the fringe counting

interferometry technology on which the
systems are based also is included.

| For More Information Write In No. 746

 Edmund
¥ Scientific

‘ A 76-page catalog of compressed
air products from EXAIR Corp.,

| Cincinnati, OH, features vortex tubes,
cabinet coolers, air knives and ampli-
fiers, and static eliminators. Solutions

| to common industrial cooling, clean- |
ing, drying, conveying, and static con-

| trol problems are offered. |
For More Information Write In No. 744

Bayer Corp. Polymers Division,
Pittsburgh, PA, offers a 16-page
brochure describing Apec high-heat
polycarbonate that combines heat
resistance, transparency, color stabili-
ty, and flowability. Melt viscosity/flow

A technical reference catalog from
Edmund Scientific Co., Barrington,
NJ, describes optical and science |
products such as lenses, achro-
mats, and prisms. Video microscopy
systems, microscopes, magnifiers, and electrical properties are included.
lab equipment, and accessories also | For More Information Write In No. 745
are included. [T —
For More Information Write In No. 742

Barber-Colman Company

‘ Pragmatic Instruments, San Diego,

Motor Division

An 82-page catalog from Barber- |
Colman Co., Rockford, IL, describes |
subfractional horsepower AC and DC
motors and gear motors, including
AC shaded pole and DC permanent
magnet motors. Also included are fea-
tures, applications, performance char-
acteristics, and specification guidelines
for selecting optional feedback devices. |
For More Information Write In No. 747 ‘

CA, has released a four-page
selection guide for waveform syn-
thesizers used in automotive,
communications, medical, scientif-
ic, and semiconductor applications.
Included are product configurations
and waveform creation software.
For More Information Write In No. 743
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Close to perfect...

minalex

PRECISION ALUMINUM EXTRUSIONS with
tolerances to 001" are as close to perfect
as possible. Few extruders even discuss it.
Minalex virtually invented it. Complex, thin
» Walls and light weight shapes to 3'/2"
’ circle size. Long or short runs with
on-time delivery, every time.

Get close to perfect!

Call: S08-534-4044
or Fax: 908-534-6788
: for an opinion,
a quote or a
brochure.

=2 ~ . ’
nnl""'"

MINALEX CORP.

PO. Box 247
Whitehouse Station
NJ 088890247

For More Information Write In No. 449

BEST BOTTOM LINE
IN RESEARCH

The Rapid-Temp Bottom-Loading Fumace

Quality research starts with bottom-loading furnaces from
CM. CM Rapid-Temp furnaces offer faster heating rates and
temperature capabilities up to 1800°C. These easy to oper-
ate, easy to maintain, furnaces incorporate molybdenum
disilicide hairpin heating elements and a precision electrically
operated lift. The insulation system’s interlocking construction
permits easy removal and replacement of components. It's
the kind of performance-proven package you expect from the
leader in laboratory and research furnaces.

For more information, call (201) 338-6500, FAX (201) 338-
1625 or write CM Furnaces at:

c FURNACES INC.

103 Dewey Street, Bloomfield, NJ 07003
For More Information Write In No. 417 113



IVIARNAL | FLAVULE 1o Advertise — Call (212) 490-3999

DAP 3200e™ with onboard 486

* High Speed /O

* DSP Commands

* Multiboard Systems

* Most PC Software

* DAPtools for HP VEE

MICROSTAR
LABORATORIES

the onboard intelligence company

* Control Loop < 1 ms
* Windows, OS/2 Warp
« External Expansion
* DLL, VBX, Delphi

206-453-2345
206-453- 3199 fax
info@mstarla
www.mstarlabs.com/mstarlabs/

bs.com

DATA ACQUISITION

* DASYLab, LabVIEW

For More Information Write In No. 580

FREE!
130
Page
Catalog

“Optics
for
Industry”

Free 130 page product catalog from Rolyn,
world's largest supplier of “Off-the-Shelf” optics.
24-hour delivery of simple or compound lenses,
filters, prisms, mirrors, beamsplitters, reticles,
objectives, eyepieces plus thousands of other
stock items. Rolyn also supplies custom prod-
ucts and coatings in prototype or production
quantities. ROLYN OPTICS Co., 706 Arrowgrand
Circle, Covina, CA 91722-2199, (818)915- 5707,
FAX (818)915-1379

For More Information Write In No. 581

Apollo 1 1

Commemorative
Sweatshirt

Striking full-color illustration on quality white
shirt recaptures the spirit and excitement of
the Apollo moon landing. Available in adult
sizes-S,M,L,XL $19.95 each plus $5.00
shipping/handling.

(NY residents add sales tax.)

Mail with payment to: Associated Business Publications
317 Madison Avenue, Ste 921, New York, NY 10017.
For credit card orders call (212) 490-3999

PEM®
SNAP-TOP®

(Bulletin SSA)

PEM® SNAP-TOP® standoffs are designed for
permanent installation into metal panels or PC
boards. They use a spring action to hold PC
boards and subassemblies securely, while allowing
for quick removal. Screws and other threaded
hardware are eliminated. To install, simply press
into punched or drilled holes. Contact Penn
Engineering & Manufacturing Corp., P.O. Box
1000, Danboro, PA 18916. Fax: 215-766-0143 or
call: 1-800-237-4736.

Clinch it with PEM’

FABTENERS A PRESSES

For More Information Write In No. 582

STANDOFFS

|

100 MFLOP
OEM-DSP

s 8890" 100

BLACKTIP

* Analog Devices ADSP-2106x
SHARC floating-point DSP

* Up to 512K 48 external SRAM

* Flexible high-speed 1/0 site

* Two external link ports

* Half-length ISA card

* Free evaluation packages from
Hyperception, Ixthos, and
Wideband Computers with
purchase of development SW

EMTVUAR
Ll /w1
The SHARC tamers.
800-848-0436

33 North Main Street* Concord, NH 03301
FAX: 603-226-6667 *E-Mail: bittware@bittware.com

For More Information Write In No. 583
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Cap

Sporty poplin cap perfect for golf or
any outdoor activity. Red and black
NASA Tech Briefs logo on white cap.

| Size adjustable. $9.95
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Mail with payment to: Associated Business Publications
317 Madison Avenue, Ste 921, New York, NY 10017.
For credit card orders call (212) 490-3999

The SmartCore™ is a shortcut to a
custom-designed controller. It is a
C-programmable microprocessor
core with memory, supervisor,
DMA, and clock already built in. All
you need to do is add interface and
control logic.

1724 Picasso Ave.
Davis, CA 95616
916.757.3737
916.753.5141 FAX

For More Information Write In No. 584

4 WORLD

ENGINEERING

You Can Turn Your PC Into A Waveform Recorder!

Today’s most advanced data recording sys-
tems are not paper chart recorders. They’re
paperless, PC-based data acquisition sys-
tems from Dataq Instruments. We’'ve re-
placed traditional instruments in a variety of

CALL FOR

FREE
INFORMATION

applications with low-cost and flexible alter-
natives that save our customers thousands in
paper costs alone. Factor in the productivity
gains of computer-based analysis, and you
have a solution you can’t afford to ignore.

¢ Battery-powered and desktop solutions
¢ Hard copy to any graphics printer

¢ Sample rates of 1 to 500,000 Hz
¢ Connects from 1 to 240 channels to any PC

DATA Q INSTRUMENTS, INC.

800-553-9006

For More Information Write In No. 585
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Our technology is tlowering.

A\

robotics

hydrogen

At the Savannah River Technology
Center, new solutions are taking root. We've
treated over two billion gallons of contaminated
ground water, more than any other Department
of Energy site. We're developing technologies to
vitrify radioactive, hazardous, and mixed waste.
Our advancements in bioremediation, hydrogen
handling and storage, sensors, and robotics

Savannah River
Technologies

sensors

vitrijication

demonstrate the vast resources of the Savannah
River Site and the expertise of our people.

The Savannah River Site offers fertile
ground for developing new ideas. Come join
us in cultivating tomorrow’s technologies. For
more information contact E. Terrence Dailey,
Westinghouse Savannah River Company, Aiken,
South Carolina 29808 [800] 228-3843.

Westinghouse Savannah River Company

U.S. Department of Energy
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MSC/PATRAN defines the concept of the open CAE
environment. It's boundless. Broad. Deep. Full-featured. Fast.
Extensively integrated. Fully programmable. And ready to use.

MSC/PATRAN is tightly integrated with MSC/NASTRAN and
prox’ldes direct CAD geometry access
that is second to none in the industry.
Unique preference tools give analysts

the flexibility to access the solver of their choice,
using the syntax specific to that code. From small
companies to large corporations, MSC/PATRAN users create

il customized applications to uit thir
particular needs. Enhancing MSC/PATRAN's w
advanced functionality is an easy-to-learn, easy-to-
use, Motif-compliant user interface. Experience the wide-open performance that
MSC/PATRAN can deliver to your organization. Call 800-642-7437, ext. 500

today for our informative brochure. Don't get left behind.

The
MacNeal-Schwendler




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157

