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Instrumentation
Solftware News.

WAVl | ABVIEW® 4.0 — GraPHICAL PROGRAMMING FOR INSTRUMENTATION /

LabVIEW Version 4.0 is here and it’s designed just for you! Whether your application is large or small, simple or complex,

LabVIEW 4.0 has features designed to improve your productivity, simplify your development tasks, and integrate your

application throughout your organization. LabVIEW 4.0 features a customizable development environment, powerful

editing and debugging tools, open connectivity tools through OLE Automation, and the new CodeLink utility to LalMEW
import C code directly into your VIs.

LABWINDOWS/CVI 4.0 - TooLs For C/C++ /

LabWindows/CVI, an interactive C programming environment to build virtual instruments for data acquisition and
instrument control, now extends its powerful tools to other C/C++ programming environments. LabWindows/CVI
Version 4.0 libraries work with compilers from Microsoft, Borland, Symantec, and WATCOM. In addition, you can
automatically compile your C code in LabWindows/CVI into dynamic link libraries (DLLs) for use with C/C++,
Visual Basic, or LabVIEW.

COMPONENTWORKS'™ — ACTIVEX CONTROLS FOR VISUAL BASIC /

ComponentWorks is a new collection of ActiveX (OLE) controls and libraries for building virtual instruments in Visual
Basic, Visual C++, and Borland Delphi. With ComponentWorks, you can acquire data from National Instruments
DAQ products, control GPIB instruments with instrument drivers, perform advanced statistical analysis and signal
processing routines, and build virtual instrument front panels in Visual Basic.

ComponentBorks

VIRTUALBENCHm — TURNKEY VIRTUAL INSTRUMENTS /

VirtualBench is a suite of five low-cost “benchtop” virtual instruments that combine the benefits of plug-in DAQ boards, i
software, and the PC. These instruments run on a variety of National Instruments DAQ products and include a

ready-to-run oscilloscope, function generator, digital multimeter, dynamic signal analyzer, and data logger. VIRTUALBENCH

N2V MEASURE  — DirecT DATA ACQUISITION WITH EXCEL /

Measure for Windows adds direct data acquisition and instrument control capabilities to Microsoft Excel. With

easy-to-use pop-up dialog boxes, you can configure data acquisition operations using National Instruments DAQ "
products or set up serial communications for any RS-232 instrument. You can transfer the data directly into your Measure
Excel spreadsheets.

For your FREE evaluation
copies of these software

products on our "7 NAT'ONAI-

o preidyony INSTRUMENTS'

Il (800) 433-3488
e The Software is the Instrument> ~ Se€ us at Wescon, Booth #3393

U.S. Corporate Headquarters * Tel: (512) 794-0100 * Fax: (512) 794-8411 ¢ E-mail: info@natinst.com * WWW: http://www.natinst.com

Branch Offices: Australia 03 9879 5166 « Austria 0662 45 79 90 0 * Belgium 02 757 00 20 » Canada 905 785 0085 * Denmark 45 76 26 00 » Finland 90 527 2321 « France 1 48 14 24 24
Germany 089 741 31 30 » Hong Kong 2645 3186 » Israel 03 5734815 « Italy 02 413091 * Japan 03 5472 2970 » Korea 02 596 7456 » Mexico 95 800 010 0793 » Netherlands 0348 433466
Norway 32 84 84 00 « Singapore 2265886 + Spain 91 640 0085 » Sweden 08 730 49 70 » Switzerland 056 200 51 51 « Taiwan 02 377 1200 » U.K. 01635 523545

© Copyright 1996 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies.
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See us at the ISA Show, Booth
#4818 October 7-10, Chicago and
at theSensors Expo, Booth #700
M2 | October 22-24, Philadelphia

MANUFACTURED
1M SANTA ANA, CA

N NEWPORT

We Manufacture:

[ Temperature, Strain,
Weight,Frequency/Rate/
Total/Batch Control Meters

[ ac/dc Voltmeters/
Ammeters, PID Controllers

[ Transmitters/Signal
Conditioners \ccpr.000

ICN77000 Series

$219 Too o ess

345
c € @ <Circl> No.sas
£) OMEGA S

We Manufacture: ===
[3# Thousands of In-Stock Thermocouple Styles

[## Connectors for Thermocouple, Thermistor and RTDs

[34* Thermocouple Wire, Extension Wire, Special-Limits of
Error Wire in a Variety of Insulations

)

MANUFACTURED
IN STAMFORD, CT

Thermocouple
and RTD Wire

<Circi> No.ces

[2# Custom Engineered Probes and Complete Sensor Systems

B
- e e
Thermocouple, Thermistor and RTD Probes

/0\.OMEGADYNE o, .

We Manufacture:

[34 Pressure Transducers
[3# Differential Pressure
[3# Load Cells

[+ Weighing Systems
[3¥ Torque Celis

[3# Instrumentation

Connectors, Switches and Panels

OMEGADYNE™
*PRESSURE
*LOAD
*FORCE
*TORQUE
*DATABOOK

Over 400 Full-Color

Pages-Prices

Included Stock

Products for Fast

Delivery

MANUFACTURED
IN SUNBURY, OH

To Receive Your FREE Handbook Call:

1;88:633:395?

to Receive a FREE Qualifier

http:/www.omegadyne.com
e-mail: info@omegadyne.com

"® . OMEGA VANZETTI

We Manufacture:

[# Fiber Optic Infrared Sensors
& Complete Systems

[# Infrared Sensors to Analog Converters

R

MANUFACTURED
N SHARON. MA

Instrumentation
Model CT485B

642 C€
> »...ml

http://www.omega.com
e-mail: info@omega.com

2229 South Yale Street

Santa Ana, CA 92704-4426

Tel: (714) 540-4914 (USIR
FAX: (714) 546-3022 (USA)

For Sales and Service

[3# Infrared T/Cs and Transmitters
[ 2-Color Temperature
Measurement

http://www.vanzetti.com
e-mail: info@vanzetti.com

in the U.S.A. and Canada

1-886-REAPORT

http://www.newportinc.com
e-mail: info@newportinc.com
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® Other 2D ® Imagineer™
Drawing Tools Technical

Draw your own conclusion.

and more. Imagineer also works with AutoCAD
and MicroStation®— so you can take your designs
directly into the CAD production workflow.

Imagineer’s easy-to-use drawing tools and
intuitive on-screen feedback render other
drawing programs obsolete. Intergraph
Imagineer™ Technical lets you create precision
2D drawings with half the mouse-clicks,
keystrokes and command changes of most
drawing software.

Designed for Windows” 95 and Windows NT;

You'll find Imagineer makes drawing
simpler than you ever imagined. Order
Imagineer Technical today or test drive it
with a free evaluation CD and draw your
own conclusion. Special competitive

Imagineer makes it easy to combine drawings upgrade and CAD companion
with text files, spreadsheets, presentations Imagineer Technical makes design iterations  Pricing available.
fast and easy, with automatic updates from
variables and equations.

@Iglneer" el

Technical Visit our Web site for exciting
information and contest offerings:

Precision drawing made easy. www.intergraph.com/iss/draw

INTERGRAPH

QFPICE Mictosolr SOFTWARE SOLUTIONS

@Iﬁ'fagm

Designed for

Intergraph and the intergraph logo are registered trademarks, and Imagineer is a trademark of Intergraph Corporation. MicroStation is 2 registered trademark of Bentley Systems, Inc. Microsoft, Windows, Windows NT, and the Windows logos are registered trademarks
of Microsoft Comporation. Other brands and product names 2re trademarks of their respective owners. Copyright 1996 Intergraph Corporation, Huntsville AL 35594-0001. Printed in [SA
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OTHERS!
ReNewed™
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Spectrum Analyzers,
Power i
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1-800_—923-3457

Now TestEqUity is online * New Tektronix & Fluke equipment in stock, ready to ship today
With a brand new cyber catalog * ReNewed ™ - the highest grade of used test equipment, now

with 2 One Year Warranty on most items

ﬁ"ed with today’s latest arrivals  * Ve also buy test equipment; FAX your list to |-800-272-4329

* For a free catalog, to sell your equipment, or to find out

& sale priced specials. o about Testquity call 18009233457

SSTEQUITY

TestEquity Inc. 2450 Turquoise Circle, Thousand Oaks, CA 91320 - 805-498-9933 - Fax: 805-498-3733
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and if you thought you knew
what Mathematica was about...

WOLFRAM hHp://www.wolfrom.com/look/ntb * 1-800-943-9617

RESEARCH
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contact: Wolfrom Research, Inc.: L e info@wolfram.com; +1-217-398-0700;

Wolfrom Research Europe Ld.: hiip.//wwwwolfram co.uk- info@wolfram co.uk:
2 1956 Wolfrom Research, Inc. Mothematicz s a ragistersd trademark of Wolfram Researh, fnc umi:snofusmdmedvnh’dmhemﬂdkﬂmds, Inc. or MathTech, Inc
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Digi-Key's commitment to service is verified once again! EE Product News surveyed its readership of
103,000 engineers over a three-month period to find out what companies they ranked first in terms of
technology, cost-performance and service. Of the more than 1,500 distributors in the United States,
Digi-Key was the Readers Choice Winner in EEPN’s (December 1995) “Readers Pick the Leaders” survey.
When it comes to service, there’s only one leader—Digi-Key!

Call, write, fax, or visit us on the Internet for your free catalog today!

1-800-344-4539

Digi-Key Corporation, 701 Brooks Ave. South, Thief River Falls, MN 56701, Fax: 218-681-3380, http://www.digikey.com
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Analysis for MMCs (continued on page 8)

NASA’s Goddard Space
Flight Center has de-
signed a 3D roller-locking
sprag that is more com-
pact, stronger, lighter,
more efficient, and more
durable than conven-
tional 2D sprags. The 3D
version allows two direc-
tions of motion or no
motion at all, dramatical-
ly improving the perfor-
mance of roller-locking
devices and eliminating
the need for ratcheting.
The innovation will be
displayed at Technology 2006 (Oct. 29-31). For more informa-
tion on the 3D sprag, as well as other new technologies at the
show, see the feature beginning on page 24.

(Photo courtesy of Goddard Space Flight Center)
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Data Acquisition
Direct To Tape At 12 MBS

42 GB uncompressed
tape capacity

12 MBS sustained
throughput,
uncompressed

Built to match the speed of the
fastest computer systems while
providing the high capacity needed
to handle massive amounts of data,
the CY-9000 half-inch digital DTF
drive is a performance breakthrough.

Store 42 GB on a single tape,
uncompressed.

Save time and resources by
writing directly to tape at a record
breaking speed of 12 MB per
second — 43 gigabytes per hour —
over a ferabyte every day

Choose from Fast/Wide SCSI,
Ultra SCSI, ESCON, and IBM

Channel interfaces for plug

compatibility with the widest range
of systems

Available in a desktop or rack
mount configuration, the drive
features a 32 MB data buffer. An
optional Digital Data Recorder
interface provides up to 128 MB of
variable rate buffer to ensure a
smooth flow of data from host to
drive, regardless of fluctuations in the
data source.

Whatever configuration you
choose, the drive will be up and
running when you need it with a
MTBF of 200,000 hours — the best

reliability in the industry. You'll also

Tera One

For More Information Write in No. 603

Fast/Wide SCSI, Ultra SCSI,
ESCON, IBM Channel, and
Digital Data Recorder
interfaces

Rack mount configuration
EVETEL

like the fact that the compact car-
tridges are widely available and easy
to organize, ship, and store

If you need it, 100% lossless data
compression is available to boost tape
capacity to up to 210 GB and speed to
up to 40 MBS

If you're serious about data
acquisition, get the tape drive that's

serious about performance

Call today for more information.

(804) 833-9000
ERNETICS

Yorktown, VA 23693 * Fax (804) 833-9300
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Algor software is helping the engineering leaders
of today and tomorrow design the future.
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Car F’arts Algor Software Helps Design Centrifuge System * Engineer Designs Arch Dams ¢ Renovatmg an Hustonc ltalian Church Designing
Tanks that Meet Federal Codes * Scientist Prevents Future Chernobyls * De5|gn Opumnzahon and Creativity at Black & Decker * Army De5|gns

Algor’s Internet place features a vast number of real-world case histories.
There’s something for everyone and new stories are being added all the time.
Algor’s Magellan Search Commander makes it easy to find stories of interest to you.

Design ¢ [t o0a? ovo e——oosign * Keck
Telescope Construction Started » Life Less Pamiul for Patients Undergomg Bropsnas . Portuguese Engmeer Creales Bold New Designs * Pulp
Factory Piping System Keeps Safe in Earthquake * Purafil and AEC Develop Product Improvement Plan * Revere Transducers Lowesr Design
Costs, Improves Quality » SAl Designs PA's First Post-Tensioned Bridge Pier Cap ¢ Schaeffer Magnetics Designs Actuators for Space Robot »
Spanish Shipbuilders Design Dry Dock Door » Spirex Designs Parts that Save Time and Money * U.S. Filter Improves Water Filtration Product
« Ultrasonic Plastic Welding Experts Put Algor FEA to the Test = University of Vermont Probes Scoliosis Mysteries « Westinghouse Teaches
Algor to Japanese » Westinghouse Uses Algor Design Language * Wheeling Suspension Bridge Case History * Zimmermann & Jansen Design

Algor’s Internet place is also the best spot to learn about:

Houdini: CAD/FEA Integration Multimedia Products for Engineers
with 8-node “Bricks” (books, videos, etc.)

Finite Element Design
and Analysis Software

Speed-Mesh: CAD to 8-node “Brick”
Modeling Service

Plant and Piping System

Design and Analysis Software S0r SRUCHIon Senvaets

E-mail: info@algor.com « Phone: +1 (412) 967-2700 » Fax: +1 (412) 967-2781

For More Information Write In No. 525
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The new HP VISUALIZE
workstation with
PA-8000 performance.

The longer you have to wait
Jor your workstation, the longer
it takes to get your product to
market. But with our new line
of HP VISUALIZE workstations,
you can have blindingly fast
access to information as you
visually navigate through
data, no matter where it resides
in your organization. These
workstations let you and your
colleagues work simultaneously
in real time from different
locations. In fact, seamlessly
and quickly connecting people,
processes and information
across your virtual enter-
prise is the hallmark of our
HP VISUALIZE workstation
line. So why wait? Visit us at
www.hp.com/go/workstations.

/A cackarn

©1096 Hewlett-Packard Company




REAL-TIME
VIDEO ON
COMPUTERS

SIMULATION c3i SURVEILLANCE
INTERACTIVE VIDEO DISC TRAINING
ROBOTICS INDUSTRIAL CONTROL

VIDEO TELECONFERENCING

SUPERVIEW OFFERS

Up to 6 real time video windows
Windows scaleable to full screen

Optional inputs for FLIR, radar,
VGA and medical imagers

Text and graphics overlays on
video

Compatibility with all high
resolution graphics controllers

Video windowing systems are available in
standalone and board level configurations

4
RGB]

A L4

SPECTRUM®
A visual communications company™

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

12 For More Information Write In No. 400

NNASANTechBriefs ween ase

Published by ... 3 iated Busi Publicati
Presdemlcmet Execunve Officer Bill Schnirring
Publisher ...

Editor, Federal Lab Tech Briefs
Production Manager
Advertising Coordinator
Art Director
Production Artist
Circulation Director.
Assnstanl Clrculatnon Director

'g Specialist
Assistant to Readef Service Manager D G

BRIEFS l SUPPORHNG LITERATURE: Written and produced for NASA by
logies, Inc., Hauppauge, NY 11788

Tod'nmceI/Managing Editor Ted Selinsky
Sr. Technical Analyst ...Dr. Larry Grunberger
Administrator/Chief Copy Editor Greg Galitzine
Staff Writers/Editors Dr. Theron Cole, George Watson,
Howard Falk, Gail Pyke
Graphics Robert Simons
Editorial & Production ..........ccccuimenimainis Joan Schmiemann, Caroline Weaver
Becky D. Bentley

NASA:

NASA Tech Briefs are provided by the National Aeronautics and Space
Administration, Technology Transfer Division, Washington, DC:

Admini Daniel S. Goldin
Director, Commercial Technology Robert Norwood
Publications Director ...... Carl Ray

ASSOCIATED BUSINESS PUBLICATIONS

317 Madison Avenue, Suite 921, New York, NY 10017-5391
(212) 490-3999 FAX (212) 986-7864

President/Chief Executive Officer
Executive Vice President/Chief Operating Officer
Tr
Credit/Collection
Staff Accountant
Director of Marketing/New Business Development
Trade Show Director
Exhibition Sales Manager
Exhibition Sales Representative
Trade Show Coordinator
Human Resources M
MIS Manager
Assistant MIS Manager.
MIS Data Entry
Office Manager
Manroom Operauons Alfredo Vi Rose D'Add
Admir Christine Sal

NASA TECH BRIEFS ADVERTISING ACCOUNT EXECUTIVES
HIORRMIINIEN .. oo miivvooisisinoion saivesssmmsisiseibsmesiassiaboivssasibipiossantinis (212) 490-3999
NY, NJ (Area Code 201), Eastern Canada John Waddell
at (212) 490-3999
PA, DE, NJ (Area Code 908, 609), VA, DC, MD, WV ........cccrmimmruruencinereanes Tara Morie
at (610) 640-3118
Paul Gillespie at (508) 429-8907
Bill Doucette at (508) 429-9861

Eantor MA, NH, ME, Bl ..cc it

Western MA, CT, VT e GOOTgE Watts
at (802) 875-3310
Southeast, South Central Robert Hubbard
at (910) 299-7754
OH, ML, IN, KY Louise Cl
at (216) 397-7477
IL, WI, MO, IA, MN, ND, SD, NE, KS, Central Canada ............cccccvunurccd Melinda Mead
at (312) 296-2040
N. Calif., CO Bill Hague

at (408) 730-6800
Bill Madden; Bill Hague
at (206) 858-7575

S. Calif., AZ, NM, NV (For NASA Tech Briefs)........ ..Blake Dahigr
at (310) 288-0391
S. Calif., AZ, NM, NV (For Federal Lab Tech Briefs).....Richard Ayer; Jane Hayward
at (714) 366-9089
Japan Akio Saijo
at 03 (5691) 3335

WA, OR, ID, MT, WY, UT, Western Canada

NASA Tech Briefs, October 1996



How to stay out of the rough
in surface mount technology.

Surface mount interconnection is a demanding game. Advice from the pros helps.

Each surface mount application presents complex challenges. Our experience
can show you options in integrating SMT into existing or new products.

We'll show you the variations in form - from through-whole compatibles to
ultra fine pitch products. We'll make sure your contact configuration and leg
geometry are physically right. We'll help determine optimum hold-down type,
based on assembly and use. And we'll show you how to answer design needs and
fit successfully into production.

We also offer options for manufacturability: Automated pick-and-place or
robotic application, tape and reel packages (including EIA-481), tubes, and trays.
In fact, our packaging, tooling, and feeder modules can all be tailored for you.

We'll also simplify and advance your design efforts and keep you current on
improvements. Full technical information,
catalog sheets, and 2D and 3D models

of many product lines are available Connect'ng
on CD-ROM to shorten design cycles.

(Call today to learn more.
sy il

level”

Product Information Center: 1-800-522-6752 (fax 717-986-7575). AMP Incorporated,
Harrisburg, PA 17105-3608. In Canada, call 905-470-4425. On the Internet:http://www.amp.com.
For More Information Write In No. 604




NASA’s Technology Sources

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

(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area.

Ames Research Center Goddard Space Flight Center  Johnson Space Center Langley Research Center Marshall Space Flight Center
Selected technological Selected technological Selected technological Selected technological Selected technological
strengths: Fluid strengths: Earth and strengths: Artificial strengths: strengths: Materials;
Dynamics; Life Sciences;  Planetary Science Intelligence and Human Aerodynamics; Flight Manufacturing;
Earth and Atmospheric Missions; LIDAR; Computer Interface; Life Systems; Materials; Nondestructive
Sciences; Information, Cryogenic Systems; Sciences; Human Space Structures; Sensors; Evaluation;
Communications, and Tracking; Telemetry; Flight Operations; Measurements; Biotechnology; Space
Intelligent Systems; Command. Avionics; Sensors; Information Sciences. Propulsion; Controls and
Human Factors. George Alcorn Communications. Dr. Joseph S. Heyman Dynamics; Structures;
Syed Sharig (301) 286-5810 Hank Davis (804) 864-6005 Microgravity Processing.
(415) 604-1919 galcom@gsfc.nasa.gov (713) 483-0474 Jj.s.heyman Harry Craft
syed_shariq@gmgate.arc hdavis@gp101.jsc. @larc.nasa.gov (205) 544-5419
.nasa.gov nasa.gov harry.craft@msfc.

Jet Propulsion Laboratory nasa.gov
Dryden Flight Selected technological Lewis Research Center
Research Center strengths: Near/Deep- Kennedy Space Center Selected technological
Selected technological Space Mission Selected technological strengths: Stennis Space Center
strengths: Aerodynamics;  Engineering; strengths: Environmental ~ Aeropropulsion; Selected technological
Aeronautics Flight Microspacecraft; Space Monitoring; Sensors; Communications; Energy  strengths: Propulsion
Testing; Aeropropulsion; Communications; Corrosion Protection; Technology; High Systems;
Flight Systems; Thermal Information Systems; Bio-Sciences; Process Temperature Materials Test/Monitoring; Remote
Testing; Integrated Remote Sensing; Modeling; Work Research. Sensing; Nonintrusive
Systems Test and Robotics. Planning/Control; Ann Heyward Instrumentation.
Validation. James Rooney Meteorology. (216) 433-3484 Anne Johnson
Lee Duke (818) 354-2240 Bill Sheehan ann.o.heyward@ (601) 688-3757
(805) 258-3802 Jjames.a.rooney (407) 867-2544 lerc.nasa.gov ajohnson@wpogate.ssc.
duke@iouie.dfrf.nasa.gov @jpl.nasa.gov billsheehan-1@ksc.nasa.gov nasa.gov
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GETTING FROM CONCEPT TO
APPLICATION JUST GOT EASIER.

VISUAL SCIENCE™ ENABLES YOU TO
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INTERACTIVELY DESIGN, SIMULATE AND ANALYZE
COMPLEX MATHEMATICAL SYSTEMS.

\/isual Science's unique interactive computational
model enables you to focus on the results you want
to see rather than on the calculations which need to
be run. Unlike textbased mathematical software,
Visual Science lets you quickly and easily:

« Create a visual model of a mathematical system
« Bring out the important hierarchical structure of

Windows 95 & Windows NT

the system, hiding unwanted detail

+ Gain complete control over executing your
mathematical system

+ Analyze the system with interactive tools

« Scale from simple problems to complex
dynamic systems

« Model systems involving feedback

+ Simulate parallel execution

+ Navigate through and manage large
scale projects

You’ve got to see it to believe it.
http://www.acroScience.com

Download the fully-functional trial version!

acroScience, Visual Science, and MathColc ore trademarks of ocroScience Corp i1, Windows 95, and Windows NT are
gistered trodemarks of Microsoft C IDL is & registered trademork of Research Systems, Inc. MATLAB is o registered frademark
of The Math Works, Inc. All other product and company nomes are , Of reg d trodemorks, of their ] i

For More Information Write In No. 692

Visual Science features:

» Full interactive control over designing, simulating,
analyzing and applying mathematical systems

« A hierarchical block diagram interface together
with a traditional command prompt interface

+ MathCalc,™a familiar matrix calculation language

+ More than 100 double precision real and
complex mathematical functions

+ Both numerical and graphical data inspectors

+ OLE based publication and annotation
capabilifies

- Sequential and parallel execution with feedback

+ A fully customizable and extensible environment

- Seamless support for
MATLAB® and IDL®

oration

For more information:
acroScience Corporation
1966 13th Street, Suite 250
Boulder, CO 80302 USA
E-Mail: info@acroScience.com
303.541.0089

Fax: 303.541.9056

1.800.600.MATH



FULL

US PATENT
COPIES

BTENTS,

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:

ONLY $3.95

Rotary Blood Pump

seat mounted for contact with the tube when

* US and
International
Patents!

* Clean, Crisp Copies!

* Fax Delivery
Available!

Wouldn’t. you like to ‘see
the full patent .. . includ-
ing all the drawings? It’s
easy.'Call '800-336-5010
and order any patent
copf in-the world, includ-
ing.any patent shown on
this pé.ge’. If you .don’t
know: precisely what you
want, we can_still help.
Expert ‘patent ‘specialists
are available to provide
you ‘with a completely
confidential search. You
even have a choice of
delivery options includ-
ing first class US mail,
Federal Express or: even

_fax. It’s up to you. Call us
today and find out what
you’re missing!

DERWENT

Scientific and Patent Information

Call-(800) 336-5010
to place your order

Call (800) 451-3451
for more information

info@derwent.com

Visit our Home Page!
http://www.derwent.co.uk

For More Information Write In No. 401

(U.S. Patent No. 5,527,159)

Inventors: Richard J. Bozeman Jr.,
James W. Akkerman, Gregory S. Aber,
George A. Van Damm, James W.
Bacak, Paul A. Svejkovsky, and
Robert J. Benkowski, Johnson Space

Center

Because rotary pumps can be made relative-
ly cheaply and are less complex than other
types, they find increasing use for ventricular
assist, cardiopulmonary bypass procedures,
and through-the-skin cardiopulmonary support
applications in emergency cases. But there
remains a need for an improved rotary pump
that is reliable and compact, requires limited
through-the-skin insertions, and produces
fewer blood damage problems. The present
pump includes a housing for a flow straightener,
a rotor mounted on bearings with inducer and
impeller portions, and a diffuser. The entrance
and outlet angles and axial and radial clear-
ances of the blades associated with the pump
structures are optimized to minimize blood
damage while maintaining pump efficiency. The
rotor bearing chamber is filled with cross-linked
blood or other biocompatible material, and a
microcomputer-controlled back-EMF integrated
circuit regulates rotor operation.

For More Information Write In No. 775

Dual-Latching Solenoid-
Actuated Valve Assembly
(U.S. Patent No. 5,529,281)
Inventors: Myron J. Brudnicki and
Jefferson Y. Yang, Marshall
Space Flight Center

The invention is a tube-type high-pressure
slide valve that can be actuated electrically by
a solenoid, or manually by a toggle lever. In
either case the tube is latched open or closed
by means of permanent magnets. A slidable
tube mounted within a cylindrical housing is
equipped with a surrounding armature
between its ends, with permanent magnets
attached to the armature's outer radial sur-
face. The housing contains a pair of concen-
tric solenoidal electromagnetic windings, and
a pair of pole pieces at either end to provide a
gap between them and the armature's sur-
faces. In electrical operation, application of a
current to the solenoid winding nearest the
larger of the gaps, depending upon the valve's
position, sets up a flux across that gap,
opposing the magnet's flux in the smaller gap,
that results in a greater force across the large
gap, drawing the armature from the smaller to
the larger gap. As the larger becomes the
smaller, the current is removed and the tube is
latched in its new position by the attraction
between the pole pieces and the permanent
magnet. One end of the housing has a valve

it is positioned axially in that direction, thus
closing the valve.
For More Information Write In No. 777

Ampoule Failure System
(U.S. Patent No. 5,529,015)
Inventors: Dale A. Watring and
Martin L. Johnson, Marshall Space
Flight Center

In many crystal-growth furnaces, charge sam-
ples of toxic semiconductor materials such as
gallium arsenide and mercury cadmium telluride
are sealed in an ampoule, which is in turn sealed
in a metal cartridge and placed in the furnace. If
the ampoule fails during processing, the material
can breach the container in a few minutes, cont-
aminate the furnace, and cause loss of data,
which can be very expensive in the case of
microgravity experiments. Failure in a confined
area with limited ventilation can spread vapors
hazardous to personnel. The ampoule failure
probe located close to the containment cartridge
creates a timely chemical reaction in the pres-
ence of the toxic material, causing a step
increase in resistance. A communicating electri-
cal circuit connected to an external data acquisi-
tion system responds to the resistance increase,
triggering automatic furnace shutdown.

For More Information Write In No. 776

Means for Positioning

and Repositioning Scanning
Instruments

(U.S. Patent No. 5,531,093)

Inventors: Michael E. Polites

and Dean C. Alhorn, Marshall

Space Flight Center

Rotating unbalanced mass (RUM) devices are
a new and power-efficient way to generate scan
patterns using gimballed payloads such as x-ray
telescopes and other scientific instruments. In the
present device, the scanning instrument has first
and second RUMs supported on respective drive
shafts and spaced from the center-of-mass of the
instrument. They rotate 180° out of phase with
each other, with their planes of rotation parallel to
each other and at a constant angular velocity. The
centrifugal forces caused by such rotation create
time-varying and relatively large-amplitude high-
frequency operating or nominal reaction forces
and torques, which act on the instrument to move
its line-of-sight in a predetermined repetitive scan
pattern. Sensors are used to obtain elevation and
cross-elevation departure angles from the center
of a desired scan. These are converted to a RUM-
cycle angular velocity component, which is
superimposed on the RUMs' nominal velocity,
causing the speed to increase and decrease dur-
ing each revolution to drive the instrument toward
the desired scan center.

For More Information Write In No. 778
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his image from the MATLAB Wavelet Toolbox shows a five-level decomposition of a voice signa
Th g2 he MATLAB Wavelet Toolbox sh five-level d tion of ignal.
Wavelet analysis is producing breakthroughs in the development of communications signal
processing algorithms. Data courtesy of U. S. Robotics Mobile Communications Corp.

WE SPEAK SIGNAL PROCESSING

MATLAB is the best connection
between DSP concepts and
product design.

To speed up the design
cycle, it integrates algorithm
development, simulation, and
code generation. MATLAB
alone combines this capability
with advanced techniques for
exploration and innovation.

In MATLAB you create,
explore, and apply the meth-
ods you need to keep pace
with, or advance, the leading
edge. Once you've simulated
your designs, you can auto-
matically generate real time
C code.

You GET A FAST START WITH
RaPiD ALGORITHM DESIGN

In MATLAB you work fast,
creating DSP algorithms just
as you would write them
mathematically.

Hundreds of powerful
built-in functions—tuned
for efficiency and reliabili-
ty—are coupled with an
intuitive programming
language.

INTERACTIVE DSP
DESIGN AND SIMULATION

Add SIMULINK® to MATLAB
and you have unprecedented
freedom to design and evalu-
ate DSP systems. Simply drag
and drop icons into block
diagrams to build dynamic
DSP simulations.

Select from hundreds of
blocks in SIMULINK and in
application-specific Blocksets.
You can add your own blocks
and sub-systems in seconds.

Tue Express CONNECTION
FROM IDEA TO IMPLEMENTATION
Real-Time Workshop™
streamlines prototyping of
your SIMULINK models.

Using MATLAB® for
DSP design is easy.
For generating real-time
C code — it's automatic.

With MATLAB Toolboxes,
you can learn and apply the
latest DSP techniques, such
as wavelets, optimal filter
design, neural networks, and
fuzzy logic.

VISUALIZE THE
Power oF Your DESIGNS

Use powerful interactive
graphics for immediate
analysis of your design. In
addition, comprehensive GUI
tools let you tailor the look
and feel of your application.

(. you can easily model DSP

system Jd,"”\(' nJle‘».um‘(fuxg
filter, and then immediately generate C code

to prototype your design on DSP boards

for DSP Design ]

MATLAB
SIMULINK
DSP Blockset
Real-Time Workshop
Signal Processing Toolbox
Communications Toolbox
Wavelet Toolbox
Neural Network Toolbox

MATLAB Compiler
MATLAB C Math Library

It generates ANSI C code

that runs -
directly communuahons

on )'OUT Toolbox
DSP Now

boards, AVﬂl|qb|e!

ready for processor-specific
optimization.

The new MATLAB
Compiler and C Math Library
let you automatically convert
your MATLAB algorithms to C
for standalone simulations
on your host computer.

Now, SEg WHAT's
DEVELOPING WITH MATLAB

Contact us for a free techni-
cal kit that shows how
MATLAB speeds up DSP
design:

(508) 647-7000

Or fax your request:

(508) 647-7101

Also, don'’t forget to visit our
award-winning web site:

http://dsp.mathworks.com

MATH
T

The MathWaorks, Inc. ® 24 Prime Park Way, Natick, MA 01760 © tel: (508) 647-7000  fax: (508) 647-7101 * e-mail: info@mathworks.com @ hittp://www.mathworks.com

The MathWorks is represented in the following countries: Australia: + 61-2-9322-6311 + Austria: + 49-241-470750 « France: + 01-41-14-67-14 » Germany: + 43-241-470750 » India: + 91-80-5-549338 + Israel: + 972-3-561-5151
Raly: +39-11-24-85-332 « Japan: + 81-3-5978-5410 « Korea: + 82-2-517-1257 + Malaysia: + 65-342-4222 « Poland: + 48-12-17-33-48 « Portugal: + 34-3-41549-04 » Scandinavia: + 45-8-15-30-22 » Singapore: + 65-842-4222  Spain: + 34-3341543-04
Switzerland: + 41-31-882-0238 » Talwan: + 886-2-501-8787 » United Kingdom: + 44-1223-423-200 * in Benelux, call Cambridge Control, Ltd: + 44-1223-423-200 or Scientific Software Group: + 33-01-41-14-67-14

© 1998, The Mathworks, Inc. All Rights Reserved. MATLAB, SIMULINK, and other prod are reg d and
For More Information Write In No. 605

, Inc.



Active-Pixel Image Sensor
Integrated With Readout
Circuits

This sensor includes not only the pho-
tosensors but also the timing, control,
and readout circuits, all integrated on

New Product Ideas

New Product Ideas are just a
few of the many innovations
described in this issue of NASA
Tech Briefs and having
promising commercial
applications. Each is discussed
further on the referenced page

in the appropriate

one chip. It offers an alternative to
charge-coupled devices (CCDs), which
are more expensive to produce and pre-
sent greater difficulty in integrating con-
trol and signal-processing functions.
(See page 38.)

RUGGED
MULIT-SLOT
PORTABLES

TRY THE DOLCH
FAMILY OF SOLUTIONS

One-Slot NotePAC™
A sealed all metal notebook that with-
stands extreme environments. Equipped
with a brilliant 12.1” SVGA TFT display,
it’s available with one ISA add-in slot and

can be certified for operation to -20° C.

Two-Slot L-PAC™
The light portable with high-end per-
formance in a compact package.
Expansion via two full-size ISA add-in
slots. Audio/video and PLC program-

ming configurations are available.

Five-Slot PAC™
PAC combines field-proven ruggedness,
five ISA/EISA/PCI add-in slots and
Pentium® performance to offer
unrivaled power and flexibility in
a portable package. VGA and
SVGA TFT displays to 12.1".

Ten-Slot MegaPAC™
MegaPAC is the ultimate in portable add-
in expansion with ten full-size ISA/PCI
slots. It’s perfect for benchtop or floor
standing operation. Positive pressure cool-

ing protects valuable add-in cards.

Call Now 1.800.995.7561

Dolch Computer Systems
3178 Laurelview Court
Fremont, CA 94538
510.661.2220
http//www.dolch.com

Dolch.

18 For More Information Write In No. 402

section in this issue. If you
are interested in developing a
product from these or other
NASA innovations, you can
receive further technical
information by requesting

the TSP referenced at the
end of the full-length article
or by writing the Commercial
Technology Office of the
sponsoring NASA center
(see page 14).

Dual-Mode Chemical Sensors

Sensors are being developed that can
identify chemical species and their con-
centrations optically. One mode would
identify the chemical and the other would
identify its concentration.

(See page 46.)

Phase-Locking a Gyrotron
Using a Quasi-Optical
Circulator

After successfully demonstrating co-
herent operation, gyrotrons, which have
been used to heat plasmas, may become
available for high-power applications in
communication and radar systems.

(See page 58.)

Regenerative Single-Unit
Fuel Cells

Featuring solid ionomer membranes,
prototypes of a class of efficient fuel cells
have been built and tested. These can
serve as either fuel cells or electrolysis
cells and may become key building
blocks for future electric-power-generat-
ing/energy-storage systems.

(See page 74.)

Modified Intermetallic Has
High Temperature Potential

By substituting molybdenum largely for
the chromium in chromium silicide, one
obtains an alloy with increased resistance
to oxidation, erosion, and creep. Possible
applications include blades and vanes in
turbine engines and chemically inert
extrusion dies in the food, glass, and
polymer-processing industries.

(See page 78.)

Tetrahedral Lander Would
Protect Against Impact

A proposed soft-landing device is de-
signed as an alternative to a parachute
to cushion and protect a person or
object dropping to Earth. The lander has
a capsule, inflatable legs, and sails for
safe impact. Landing would be safer, for
example, in forested and rocky areas
where parachute ropes can become
entangled.

(See page 88.)
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Grip On Your

Vibration Measurements.

When you're faced with a unique
vibration measurement prob-
lem, look to Endevco for an
innovative solution.
We offer the industry’s widest
range of piezoelectric, ISOTRON;
piezoresistive, and variable-capa-
citance accelerometers. Plus our
new servo-force-bal-
ance devices.

Unlike other
manufacturers, we
use many different
sensing materials

and technologies,
including micro-
machined silicon,

in our designs. So we'll help you
select the sensor with the best
performance characteristics for
your application. Whether
you're measuring a few
uG's or 200,000 G’s.

Plus Endevco makes

To request your free

a complete line of electronic instru- =z g e i
ments and low-noise cable assem- Measurement Poster, with
blies. So we’re your ideal source for key formulae, conversion
total vibration measurement solutions. tables, and constants,
) call (800) 982-6732
And fast delivery and unsurpas- or e-mail us at
sed value are assured. freebie@endevco.com.

For details on how we can help
put your vibration measure-

ment on solid ground, just call
(800) 982-6732. ENDEVCO

T
ofoe

MEGGITT
AEROSPACE

30700 RANCHO VIEJO ROAD, SAN JUAN CAPISTRANO, CA 92675 USA, TEL (800) 982-6732 FAX (714) 661-7231

For More Information Write In No. 552



Notehook

nur Chief Editor, Linda Bell, faced an
impossible mission this month.

Her task: Write an article entitled
"What's New At Technology 2006." While
| think you'll agree she did a terrific job in
highlighting some of the cutting-edge
technologies that will be presented and
displayed in the Anaheim Convention
Center from October 29-31, no single
story could possibly convey the many
exciting new features at this year's show.

For starters, there will be more than
twice as many exhibits to visit.
Technology 2006 will be colocated this
year with TeleCon XVI, the largest trade
show on teleconferencing and videocon-
ferencing, and TeleMed I, the premier
conference on telemedicine technology
and applications. Combined, the three
events will house over 150,000 square
feet of exhibits, open free of charge to all
registrants.

A smaller,
lighter,

The new Evans
Hybrid® is an
electrolytic-
electrochemical
capacitor with incredible properties:

Technology 2006 and TeleCon will
hold a joint plenary session on Tuesday,
Oct. 29. The high-powered lineup of
speakers includes Daniel Goldin,
Administrator of NASA, and James
Barksdale, the President and CEO of
Netscape Communications. Netscape,
of course, produces the dominant
Internet browser — a fact Microsoft
would dearly like to change. Their "epic
battle," as Time magazine put it in its
Sept. 16 cover story, will profoundly
affect how we use computers and
access information. This plenary is not to
be missed!

Also new this year: A poster presenta-
tion showcase in the exhibit hall on Oct.
29 (starting with a networking breakfast at
9:00 am), where you can talk one-on-one
with government and industry pathsetters
about licensable inventions and new
products in a wide array of fields; exhibit
hall demonstrations and an Oct. 30 ple-
nary on agricultural technologies for trans-
fer; and short courses on Oct. 31 cover-
ing such topics as East-West technology
alliances, patents and licensing, commer-
cialization strategies, and financial plan-
ning. (For the first time, you can earn
Continuing Professional Development
Hours by attending Technology 2006 ses-
sions and short courses.)

What's more, if you are one of the first
5000 confirmed registrants, NASA will
give you a free CD-ROM (valued at $250)
containing over 20 years of the agency's
technical reports and patents, as well as
hundreds of unpublished NASA software
programs.

The list of new features goes on, but
one thing hasn't changed: This NASA-
sponsored conference remains your
best, one-stop source for finding engi-

neering solutions and new product ideas
to grow your business, and for meeting
the government and industry experts
who can help you bring ideas to market.
If you haven't registered yet, you can still
do so using the form on page 121.

| hope you enjoy Linda's article (begin-
ning on page 24), and look forward to
seeing you in Anaheim.

¢ As little as /10 the volume of
aluminum electrolytics

and more
powerful
capacitor.

EVANS

The Evans Capacitor Company
P. 0. Box 14158

East Providence, Rl 02914-0158
(401) 434-5600 Fax (401) 434-6908
Www.evanscap.com

* 1/2 the weight of aluminum
electrolytics

In two design styles, a hermetic tan-
talum package and a polypropylene
package, Evans Hybrids are excellent for
avionics, power supplies, power filtering,
communications, weapons systems,
medical applications, auto auxiliary
systems and many very special uses.

bt

Joseph Pramberger
Publisher

Hybrids are designed and manufactured
by the Evans Capacitor Company,

known for the Capattery®, the world’s <
leading electrochemical capacitor.
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Yokogawa OR1400 Oscillographic Recorder
e Sample data at 100 KS/sec. with a 40 KHz Bandwidth
e Up to 8 analog in_puts with 12 or 14 bit resolution

e Standard 256 Kwo /Ch.\and 3.5” disk drive
‘ | ’ arguage displays

be rack-mounted

e

Full Range of Isolated
Plug-In Input Modules:

RMS Conversion Unit
Strain Input Unit
Frequency Input Unit
Power Line Frequency Unit

Universal (Temp/mV) Unit

> Logic Inputs, Communicaton Interface, Voltage Input Unit
> Output, Keyboard Interface
\5\ "‘
tore Information fill in and fax to 770-251-2088 See our full line of Test & Measurement
Ry R equipment @ http://www.yca.com
Company:

Address:
or call us at 800-258-2552 YOKOGAWA

Yokogawa Corporation of America, 2 Dart Rd., Newnan GA 30265 YOkOgawa Corporation of America

For More Information Write In No. 610



Vespel parts can
handle some of

the toughest jobs.

Like paying for
themselves.

Everyone knows that Vespel® polyimide parts
improve performance in severe service applica-
tions by withstanding extreme heat, friction,
pressure and contamination —with minimal
or no lubrication. But now manufacturers
who use Vespel parts in general applica-
tions are beginning to notice improvements

http://www.dupont.com/enggpolymers/americas

somewhere else: the bottom line. That’s because
the reliability and long life of Vespel parts can
make them the most cost-effective choice for
general applications in the long term.

If your applications require parts that can
withstand extreme temperatures (-350°F to 550°F),
Vespel should be your first choice. Vespel should



Seal Rings. In the assembly
Insulators. In plasma-arc @ of automobile transmissions, Vespel
cutting torches, Vespel seal rings reduce costs by replacing
insulators provide expensive metal rings, which can fracture or
superior strength and durability ;~ deform during assembly. They also reduce
at high temperatures up to warranty costs by producing a better seal.
550°F, lasting up to six
times longer than
[fragile ceramic
insulators.

Thrust
Washers.
In farm
tractor transmissions,
Vespel thrust washers
reduce costs and
manufacturing
time by eliminating
the need for
secondary
machining.
Vespel washers
also exhibit high
performance and
low wear with limited
or no lubrication.

H
’_ 3

In photocopiers,
Vespel composite
idler gear hub bushings are
a cost-effective alternative
to metal. The Vespel parts
provide ultra-high
temperature resistance and
dimensional stability while
offering a low coefficient of
[riction, as well as long life
without lubrication.

Bushings.
In aircraft
engine

vanes, Vespel
bushings withstand
high-frequency
vibration dithering
and offer excellent
stability and lubricity

at high temperatures. They also reduce assembly time.

Wear Strips.
In textile equipment,
Vespel tenter frame

clip wear strips reduce costs by
eliminating the need for lubrication. They
also improve textile manufacturing quality
by eliminating oil contamination, and

provide good wear and temperature resistance.

also be considered if you have parts that [ \evouwantTo | And Vespel parts can be direct-formed,
rub together, if metal parts are too noisy, | GETTECHNICAL | which eliminates machining costs.

or if fluid flow needs to be controlled. For information, When you consider how cost-effective
call 1-800-426-7246.

Superior strength and reliability |[orwrite:DuPontVesper*| Vespel parts can be in the long term, it’s
aren’t the only ways Vespel can save you by dd clear that we don’t just make better
money. Often, you can consolidate two | BlomfieldHils Mi | bushings, bearings, washers and seals.

s ; ; 48303-1138.
or more existing parts in one Vespel piece. We make better sense.

Vespel

Only by DuPont For More Information Write In No. 530
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Technology 2006 (October 29-31) at the
Anaheim, CA Convention Center, will show-
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Miniature Radar

A n inexpensive miniaturized radar
system developed at Lawrence
Livermore National Labs (LLNL) may
become the most successful technology
ever privatized by a federal lab, with a
potential market for the product estimat-
ed at between $100 million and $150
million. The system already has generat-
ed $1 million in licensing fees: 15 com-
panies already have licensed the technol-
ogy and 12 more are negotiating to com-
mercialize it. Interest in the technology
has proved extraordinary — so much so
that LLNL has ordered hundreds of pro-
totype versions and will distribute them at
a cost of $3000 to $5000 to companies
to evaluate the system.

The micropower impulse radar was
developed by engineer Tom McEwan as
part of a device designed to measure the
one billion pulses of light emitted from
LLNL's Nova laser in a single second. The
system he developed is the size of a cig-
arette box, and consist. of about $10
worth of parts. The same measurement
had been made previously using
$40,000 worth of equipment.

Titan Technologies of Edmonton, AL,
Canada, was the first to bring to market

a product using the technology when
they introduced storage-tank fluid sen-
sors incorporating the system. The new
radar allowed Titan to reduce its devices
from the size of an apple crate to the size
of a softball, and to sell them for one-
third the cost of a comparable device.
The Federal Highway Administration is
preparing to use the radar for highway
inspections and the Army Corps of
Engineers has contracted with LLNL to
use the system for search and rescue
radar. Other applications include a moni-
toring device to check the heartbeats of
infants to guard against Sudden Infant
Death Syndrome (SIDS), robot guide
sensors, automatic on/off switches for
bathroom hand dryers, hand-held tools,
automobile back-up warning systems,
and home security.

AERES, a San Jose-based company,
has developed a new approach to
ground-penetrating radar using impulse
radar. The first application of the technol-
ogy was an airborne system for detecting
underground bunkers. The design can
be altered to provide high depth capabil-
ity for large targets, or high resolution for
smaller targets near the surface. This
supports requirements in land mine
searches and explosive ordnance dis-
posal for the military. AERES has devel-

Tom McEwan displays the micropower impulse radar he developed at Lawrence Livermore National Lab. The
radar is inserted into a car’s taillight, where it would serve as a back-up warning system. The invention has been
licensed to Amerigon of Burbank, CA for several automotive applications.
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case commercially promising inventions and
processes developed by the country’s leading
commercial and government technologists.
Here are some highlights.

oped both aircraft and ground-based
systems designed for civilian applications
as well as military. Underground utility
mapping, such as locating pipes and
cables; highway and bridge under-sur-
face inspection; and geological and
archeological surveying are examples of
the possible civilian applications.

Telemedicine Breakthroughs

echnology 2006 is being held con-

currently with the TeleCon XVI show
on teleconferencing, videoconferencing,
and collaborative systems, as well as
Telemed |l, the annual telemedicine and
telehealth conference and exposition.
These three conferences will present a
NASA-sponsored workshop showcasing
breakthroughs in telemedicine technolo-
gies, including NASA's advances in the
fields of image compression, satellite
communications, virtual reality and visu-
alization tools, Internet tools, and bio-
medical sensors. The workshop’s goal is
to create NASA/industry partnerships in
order to commercialize these technolo-
gies and help companies improve their
competitive edge.

One focus is the Advanced Com-
munication Technology Satellite (ACTS),
the first all-digital, gigabit-capacity com-
munications satellite. Operating in the
Ka-band frequency band (30 and 20
GHz), the satellite uses dynamic hopping
beams and advanced on-board switch-
ing channels, reuse of bandwidth, and
small user Earth stations that intercon-
nect. Developed by NASAs Lewis
Research Center, the satellite was
launched in 1993 and has pioneered
high-risk technology for new services
and products such as image compres-
sion studies in telemammography and for
medical consultations on a rural and
global basis. Follow-on commercial sys-
tems will provide affordable, high-data-
rate transmission of medical records,
images, and live video.

Compression of medical images is
perhaps the single most cost-effective
tool to open telemedicine to practical,
affordable, general use. NASA has devel-
oped a number of technologies in the
compression field that are available for
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commercialization, including lossless
image compression algorithms which
can compress medical images at 10 to
20 times the speed of the state of the art.
Virtual reality and visualization are nec-
essary tools for providing medical educa-
tion and diagnosis. NASA has used com-
bined 3D reconstruction and virtual envi-
ronment technologies to train clinicians
and help surgeons plan complex proce-
dures in reconstructive and plastic
surgery. NASA also has developed image
processing and visualization technolo-
gies for patient diagnosis in areas such
as dermatology and ovarian cancer.
NASA has explored the Internet as a
tool for providing clinical consultation and
education in a cost-effective way. NASA
also has developed a prototype Internet
access model allowing an entire local
area network of computers to connect to
the Internet using a standard, analog
telephone line for an 80% lower cost rate
over standard connectivity solutions.
Miniaturized, application-specific bio-
sensors, biotelemetry, and non-invasive
monitoring have become vital to
telemedicine. NASA has developed ad-
vanced biomedical sensors and bio-
telemetry devices that can use narrow
bandwidth, ranging from two-stage
transmission systems to “tricorder”
devices used in applications from fetal
surgery to emergency trauma care.

The smallest of the ACTS communication satellites, the Ultra Small Aperture
Terminal (USAT) features a space-saving 14-inch antenna. USAT is used for
interactive distance learning and remote medical tele-imaging.
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3D Roller-Locking Sprag

Many machines with rotating parts
use brakes and clutches to stop or
control the degree and direction of
motion of the driven parts. Brakes and

The 3D roller-locking sprag, developed at NASA
Goddard, has no gears, allowing continuous motion
in two directions, or no motion at all. It is expected to
eliminate the need for ratcheting techniques in
devices ranging from car transmissions to simple
hand tools.

clutches are incorporated between con-
centric rotating shafts or races in which
bearings are used in rotating machinery.
One class of locking brake/clutch uses
spherical balls or cylindrical rollers
between an inner and outer race; anoth-
er class uses a roller
or sprag in which the
cam shape is incor-
porated into the
sprag, which rotates
through a small angle
to engage the cam
surfaces against the
concentric cylindrical
surfaces of the inner
and outer races.
Two-dimensional
sprags have been
used in a variety of
devices for many
decades. NASAs God-
dard Space Flight
Center has developed
a 3D roller-locking
sprag that is more
compact, stronger,
lighter, more efficient,
and more durable. In
the 3D design, the
concentric, cylindri-
cal surface of the
inner and outer
races of the brake/
clutch are replaced
with grooves into
which the tapered
periphery of the 3D
roller-locking sprag

www.nasatech.com

fit. This geometry creates four points of
locking contact: two between the outer
taper of the 3D sprag and the outer
grooved race, and two between the
inner taper of the 3D sprag and the inner
grooved race. This geometry doubles
the number of points of contact of con-
ventional, ball-based roller-locking
brakes/clutches, increasing the locking
efficiency and reducing the level of
sprag-to race contact stresses. The 3D
sprag allows two directions of motion or
no motion at all. Since there are no
gears, continuous motion is possible.

The 3D sprag can dramatically
improve the performance of roller-lock-
ing devices, open new applications,
and eliminate the need for ratcheting
techniques. Roller-locking sprags are
used throughout everyday life, in
devices ranging from automobile trans-
missions to starter motors and simple
hand tools.

All-Plastic Battery

esearchers at the U.S. Air Force'’s

Rome Laboratory and Johns
Hopkins University have developed an
all-plastic battery using polymers instead
of conventional electrode materials. All-
plastic power cells could be a safer, more
flexible substitute for use in electronic
devices and other commercial applica-
tions. In addition, all-polymer cells reduce
toxic waste disposal, negate environ-
mental concerns, and can meet EPA and
FAA requirements.

Applications include powering GPS
receivers, communication transceivers,
remote sensors, backup power sys-
tems, cellular phones, pagers, comput-
ing products, and other portable equip-
ment. Potential larger applications
include remote monitoring stations,
highway communication signs, and
electric vehicles.

The Johns Hopkins scientists are
among the first to create a potentially
practical battery in which both of the
electrodes and the electrolyte are made
of polymers. Fluoro-substituted thio-
phenes polymers have been developed
with potential differences of up to 2.9
volts, and with potential specific energy
densities of 30-75 watt hours/kg.

All-plastic batteries can be recharged
hundreds of times and operate under
extreme hot and cold temperature con-
ditions without serious performance
degradation. The finished cell can be as
thin as a business card and malleable,
allowing battery manufacturers to cut a
cell to a specific space or make the bat-
tery the actual case of the device to be
powered.
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The Thin New Face of
Communications

N ew digital operating environments
require a new generation of trans-
ducer that is more flexible than current
cone speaker, antenna, microphone, or
sensor technologies. Patriot Advanced
Technologies has addressed these
requirements in developing an Ad-
vanced Membrane Transducer (AMT)
that can perform multiple roles in a thin-
film, flexible geometry. The membrane is
capable of direct digital interface with
computer systems, network applica-
tions such as the Internet, flight and
transportation systems, phased array
systems, wireless communications,
multimedia, medical electronics, and
other commercial, military, and con-
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sumer applications such as television,
stereo, and computer speakers.

Similar to the way video software and
hardware allow high definition television
to be created by controlling display pix-
els, the transducer allows computers
and other systems to address and
manipulate independently addressable
Sound Pixels™/Antenna Polygons™ to
produce high-resolution audio and RF.
The advantages of using a sound sur-
face consisting of hundreds or thou-
sands of sound pixels, compared with a
pair of conventional speakers with single
output voice coils and a conventional
antenna with a fixed pole length and fre-
quency, are nUMerous.

From digital speakers 3 mm thick that
act simultaneously as antennas and
microphones, to sound-generating plant-
growth devices, to medical monitoring

NASA’s Software of the Year

ASA’s 1996 Software of the Year

Awards will be presented in a spe-
cial ceremony during the Technology
2006 Awards Dinner. Chosen by
NASA's Inventions and Contributions
Board, the awards are given to individ-
uals who develop software that
enhances NASA's mission and assists
U.S. industry in maintaining world-class
technology status.

1996 Co-Winners:

Tetrahedral Unstructured Software
Systems (TetrUSS), developed by
NASA’s Langley Research Center,
Hampton, VA (headed by Dr. Neal
Frink)

TetrUSS aerodynamics analysis and design soft-
ware, developed at NASA Langley, enables fluid
mechanics analysis for low-speed through super-
sonic aircraft such as the B747 shown here.

TetrUSS is an unstructured-grid
aerodynamic analysis and design sys-
tem for inviscid and viscous flow,
incorporating a graphical user inter-
face, surface and volume grid genera-
tion, an unstructured-grid upwind flow
solver, and a graphical post processing

tool. Used widely throughout U.S.
industry, government, and universities,
it was designed for low-speed through
supersonic aerodynamics in space-
craft, rotorcraft, automotive, turboma-
chinery, and medical analysis and
design.

The software’s primary innovation is
the method by which it generates the
solution grid for the fluid mechanics
problem it is solving. The unique
methodology and graphical user inter-
face reduce computational time, while
a user-friendly menu enables quick,
accurate set-up for its tetrahedral grid
generation and the display of complex
geometric grids and plots of results of
its internal flow solver.

Linked Windows Interactive Data
System (LinkWinds), developed by
NASA’s Jet Propulsion Laboratory,
Pasadena, CA (headed by Dr. Allan
S. Jacobson)

LinkWinds, a visual data exploration
system for examination of geophysical
and climatological data retrieved from
satellite remote sensing, rapidly and
interactively investigates large multivari-
ate and multidisciplinary data sets to
detect trends, correlations, and anom-
alies. The software grew out of JPL
research to apply computer graphics to
access, display, explore, and analyze
science data.

LinkWinds applies a unique data-
linking paradigm, resulting in a system
that functions like a graphical spread-
sheet. It provides an intuitive user inter-
face on top of the traditional graphical
user interface, and consists of an

www.nasatech.com

devices, the AMT technology can be
adapted to reduce costs in manufactur-
ing, installation, and repair, while provid-
ing high-quality sound and communica-
tions capabilities.

Low-Cost Fabrication and
Joining Techniques

Silicon carbide-based fiber-reinforced
composites are used in aeronautical,
energy, electronics, nuclear, and trans-
portation applications such as jet engines,
nose cones, heat exchangers, gas filters,
and radiant heater tubes. The two types
of commercially available fiber reinforced
silicon carbide matrix composites are pro-
duced either by chemical vapor infiltration
(CVl) or by polymer impregnation and
pyrolysis (PIP) — both very expensive.

Developed by NASA's JPL, LinkWinds software
applies computer graphics to access, display,
explore, and analyze geophysical and climatologi-
cal data.

expanding suite of non-domain-specif-
ic applications. The program currently
runs on Silicon Graphics and Sun
workstations; an updated Sun and
Linux version will be released soon for
PCs.

First Runner-Up:

Virtual Environment Vehicle Interface
(VEVI), developed by Ames Research
Center’s Intelligent Mechanisms
Group, Moffett Field, CA

VEVI is a modular operator interface
for direct teleoperation and supervisory
control of robotic vehicles. It uses real-
time interactive 3D graphics and posi-
tion/orientation sensors to produce
generic video control capabilities, and
has been used to control wheeled, air
bearing, and underwater vehicles in a
variety of environments.
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Integrated’s line of electromagnetic software, using the
boundary element method (BEM) performs effortlessly...so you
can analyze, customize and finalize, quickly and easily. You
save time and money through:

B immediate productivity M accurate, efficient solutions
M reduced prototyping costs M expert technical support.

“Integrated’s BEM software provides accurate results
and improves motor design cycle time without a com-
plex FEM mesh.”

Mark R. Thomas, R&D Engineering Manager,
Prestolite Electric Inc.

We're on the cutting edge of CAE design and analysis, bringing
you the most advanced electromagnetic software available
anywhere. Our high powered, user-friendly software enables
you to optimize your designs with incredible efficiency.

We provide you with sample problems plus a database of
solved industry-specific designs. Also, IGES or DXF geometry
translators and parametric definitions accelerate the synthesis
of your own solutions.

“Integrated’s software optimizes our high voltage
accessory and insulator designs...reducing material
cost and enhancing performance.”

Tom Bialek, Senior Product Development Engineer,
Raychem Corporation

Count on full technical support, via phone, fax or e-mail, plus
you receive regular software enhancements each year.

Installation time and the “software learning curve” barely form
a speed bump on the road to doing good work, fast with
Integrated's software. Call today for a 30-day trial.
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Research at NASA Lewis has produced a low-¢:
rication and joining of composites with 3D archi
icon carbide-based fiber-reinforced composites

Research at NASA's Lewis Research
Center has resulted in a lower-cost
approach that reduces fabrication times
significantly. The products produced by
this process are nearly fully dense, with
good control of the microstructure, sec-
ond phases, and mechanical properties.
The process involves production of a
fiber preform, followed by infiltration with
a resin mixture. After pyrolysis, the mix-
ture converts to a porous carbonaceous
matrix which subsequently is infiltrated
with liquid silicon or refractory metal-sili-
con alloys.

The process is suitable for various
types of fiber reinforcements, such as

carbon, alumina, and silicon
carbide. It has been used to
fabricate composites with 3D
architectures. A number of
key properties, such as
strength, creep, and environ-
mental and thermal shock
resistance of composites, can
be tailored.

Lewis also has created a
way to join carbon and silicon
carbide fiber-reinforced com-
posites of various shapes and
sizes. The process can yield
joints with tailorable micro-
structure and thermomechani-
cal properties suitable for high-tempera-
ture applications.

GPS Positioning System
Delivers High Accuracy

A system for real-time differential GPS
(DGPS) positioning will deliver sub-
meter accuracy to Earth satellites and
ground-based users worldwide. De-
veloped at NASA's Jet Propulsion
Laboratory, the system could improve
real-time position accuracy to a few
decimeters for single-frequency users
and 10 centimeters or better for dual fre-

Ultrasonic Sensing Devices
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quency users. In addition to high accura-
cy, the system provides nearly complete
separation of GPS orbit and clock cor-
rections and continuous determination of
interfrequency delay biases for all GPS
satellites and reference receivers.

Key features include: the use of
dynamic orbit estimation, which depends
on high-accuracy satellite force models,
signal models, geophysical models, and
geometric models, in a Kalman filter for-
mulation; use of real-time stochastic esti-
mation to minimize orbit and clock errors
arising from quasi-random variations in
atmospheric propagation relays and
solar radiation pressure; simultaneous
processing of smoothed pseudorange
and continuous carrier phase data; and
use of the stable solar-magnetic refer-
ence frame, rather than an Earth-fixed
frame, in computing the ionospheric cor-
rections.

System operation will begin in January
1997. Early tests show approximate user
differential range errors of less than 20 cm
throughout the coverage area, with a
North American reference network only.
More comprehensive tests with additional
global reference sites will be conducted.

For more information on Technology
20086, see pages 119-121, or call George
DefFeis at 212-490-3999.

Around the globe, ideas are becoming
reality because of Polaroid ultrasonic
transducer technology. Only Polaroid
offers both Piezo technology for sensing
in challenging environments as well as
ultra-sensitive electrostatic technology.
There's one for virtually every applica-
tion: proximity sensing, distance
measurement and automotive vision
assistance, to name a few—and one for
every price range. Choose from more

than twenty configurations, in sizes

from 9mm to 40mm. Have special
requirements? Just give us a call.

If you've been wondering where in the
world to turn for quality transducers,
selection and service—turn to Polaroid.
Kits and supporting components are
available. For more information, call us
at 617/386.3965, fax 617/386.3966
or you can reach us at our website—
http://www.polaroid.com.
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[t You Think Omron Only Makes Relays,
Read Between Our Lines.

I t's true we're the world’s number
one relay supplier. So it's not
surprising to learn that design engineers
and specifiers know us for our relays.

But we also manufacture the
world’s most complete line of switches
and photomicrosensors.

For years we've been building all
types of switches, photomicrosensors,
and relays for leading companies that
manufacture telecommunications
products, home and office electronics,
computer peripherals, appliances, and
HVAC equipment, just to name a few.
Proven reliability
makes Omron
relays, switches,
and photo-
microsensors the
preferred choice
of design engineers

and specifiers
worldwide.

What does all this mean? That's
simple. Our expertise has led to the
development of standard components
for all kinds of applications. And when
you can fit a standard switch to your
custom application, you're looking at a
considerable cost savings. Plus you'll
see your design go into production that
much faster.

In switches alone, we have basic
switches, mechanical keyswitches,
rotary and in-line DIP, thumbwheel and
rocker switches, amplified and non-
amplified photomicrosensors, PCB
mount and connector-ready photo-
microsensors, as well as lighted and
oil-tight pushbuttons.

And everything Omron makes is

100% tested, available to you world-

wide, and backed up by outstanding
technical and distribution support.

To find out if Omron has the
component solution you're looking for,
call now to receive our Standard
Products Catalog or visit our web site at
http://www.oei.omron.com. For a
directory of techinical data sheets, call
ControlFax at 1-847-843-1963 and ask
for document #50.

If you respond to innovation and
more efficient ways of doing business,
it's a story worth reading.

1-800-55-OMRON

ASK FOR OUR STANDARD PRODUCTS
CATALOG. IT'S FREE!

OMRON.
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WHAT’S NEW ON DISPLAY AT TECHNOLOGY 2006

Technology 2006 features more than 60,000 square feet of exhibit space showcasing the latest technologies,
products, and services. Here are a few of the new products you'll see on display.

Booth 923

FARO Technologies, Lake Mary,
FL, will demonstrate AnthroCAM
Version 1.32 geometric mea-
surement and reverse engi-
neering software, which was
designed for use with FaroArm®
measurement arms for 3D mea-

surements in medncal diagnostic, and surgical applications. The
3D CAD-based software provides basic features measurement,
CAD-to-part inspection, and reverse engineering capabilities.
Enhancements include on- and off-line parts programming, a tub-
ing feature for pipefitting through obstacles, geometrical dimen-
sioning and tolerancing, and improved scanning that includes
lock planes and lock cylinders. Users can collect individual points
or streams of data in real time; the software surfaces the data
points and exports models in a variety of formats, including DWG,

DXF, and ASCII.

Booth 320

Tiodize, Huntington Beach,
CA, will exhibit Fiber/Lite com-
posite fastener products and
Tribo/Comp composite bear-
ing material. Fiber/Lite fas-
teners are compression-mold-
ed and machined from materi-
als such as 3D woven carbon,
glass fiber, reinforcing epoxy,
and polyimide resin in gang
channel, rivet, insert, nut, pin,
hinge, latch, and rod-end con-
figurations. The fasteners have
low water absorption and ther-
mal expansion, and feature
high tensile, shear, and fatigue
strength. Tribo/Comp is a self-
lubricating composite material
with a low coefficient of
friction and no creep at 30,000

psi/600°
F loads. It
is used for
bearings,
bushings,
thrust
washers,
and wear

pads.
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Booth 927

Machida, Orangeburg,
NY, will display flexible
borescopes designed
for a variety of visual
inspection applications.
The borescopes can
accommodate  most
inspections when the
elimination of tear-down
is necessary. Also high-
lighted will be special-
ized turbine inspection
kits, blending bore-
scopes, scopes with
channels, and working
tools, video systems,
light sources, and relat-
ed accessories.

Booth 914

MagNet version 5.2 electromagnetics analy-
sis software from Infolytica Corp., Montreal,
Quebec, Canada, uses a neural network to
determine optimum discretization of a problem
geometry for solution. The software is “taught”
through experience in problem-solving which
parts of a device are expected to have large
changes in electromagnetic fields, and bases its
solution on the acquired “knowledge.” The soft-
ware includes a new force/torgue calculation
module for designers of motors, actuators, and
similar devices, and an open boundary tech-
nique for far fields or stray fields. It is compatible
with Windows 95, Windows NT, Windows 3.1,
and UNIX.

Booth 132

The Point
lonizer™
ionization
device
from Crys-
tal Mark,
Glendale,
CA, incor-
porates a
balanced
flow of E= :
positive and negatlve ions and an abraswe noz-
Zle to reduce static charges generated from
abrasive blasting. The device can be used to
improve cleanliness on surfaces where static
charges generate an electromagnetic field,
causing the abrasive particles to cling to the
substrate being blasted. It also is used when
blasting coatings off of ESD-sensitive devices
such as electronic components and printed cir-
cuit boards. It enables containment of electro-
static discharge below 20 volts.

Booth 732

The Sisuner® non-adhesive sealing system from Tokue Rubber Industrial Co.,
Southfield, M, consists of two separate springs molded into each side of the join-
ing surface. The two springs — a U-spring and a flat spring —
insertion to form an airtight seal that is water-resistant and flexible. There is no
adhesive or glue used to seal the joint. Applications include replacement of dam-
aged bellows and seals, absorption of vibration, and where bends and sharp
angles are encountered. Spring size and material composition can be specified,
and the system'’s springs can be molded into various materials such as rubber, syn-
thetic resin, and polyethylene.

lock together after

www.nasatech.com
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Why constantly reinvent the wheel?
(and the cylinder, and the gauge, and the clamp...)

Instead, try PartSpec FREE for 60 days!

Tired of redrawing standard parts from manufacturer catalogs?
Now, with PartSpec™ from Autodesk Data Publishing, hundreds of
thousands of accurate, up-to-date, pre-drawn parts can be yours.
They're all ready to insert (in native .DWG format) right into your
AutoCAD?® drawings — with a single mouse-click.

PartSpec is one of two titles in the Autodesk® Mechanical Library
available to you today by subscription. Semi-annual updates bring
growing numbers of parts drawings from an ever-increasing
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MORE MULTIPROCESSING POWER.

[ Engineering Automation Report
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readers for some time now that
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Pentium® Pro [processor-based]
workstations, along with
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being the wave of the future. 99

David Weisberg, Editor,
Engineering Automation Report
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on one system.

©1996 Imel Corporation. Comparisons are
between the Pentium Pro processor and the
Pentium processor. *Indicated names are trade-
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Ed Russell,
President,
Devtron Russell, Inc.
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LASER SENSING THAT IS ...
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SUNX’s LA511 Laser Sensor Provides The Things You Are
Looking For In A Laser Sensor Today - At A Low Cost!

* Repeat accuracy of 0.01 mm for a high degree of resolution.

Class 1 laser conforming to FDA standards.

The 1 to 5 volt analog output has a slew rate of 4 volt/.5ms for high speed
sensing applications.

Wide sensing area of 15mm x 500 mm.

Equipped with laser beam alignment monitor for easy set-up.

0.1 mm minimum detectable object.

Digital judgement output with .5ms response.
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- Edge guiding

- Precision positioning

- Missing or skewed cap detection
- Detection of 0.D. variations

“Call for this informative
LA511 catalog”

SUNX, the world leader in sensing technology, offers a full line of non-contact sensors for virtually any application. Call
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Special Focus:
Sensors

page 48

Magnetostrictive ‘
S iters, IF YOU THINK YOU CAN'T SEAL IT,
P12 YOU HAVEN'T TRIED

PNEUMA-SEAL

air/fluid flow sounds
Pneuma-Seal is an inflatable gasket that when pressurized with
page 44 ‘ air, fills the gaps between surfaces, even hard-to-seal uneven
surfaces. And when deflated, Pneuma-Seal quickly retracts to
prevent interference when opening and closing a door or cover.
You can use Pneuma-Seal as an effective barrier against
pressure differentials and to seal out water, dust, gas, chem-
icals, noise and other contaminants.
Pneuma-Seal is particularly suitable for:
Large enclosures where it is uneconomical to machine the
entire sealing surface
Uneven fabrications where traditional compression gaskets
or latches are ineffective
. ey Horizontal or vertical sliding doors or covers that would
Signal-conditioned sensors ‘ tend to drag on and abrade conventional seals

measure temperature, power Hinged doors where flush thresholds are required
Typical applications include:
page 48 Processing equipment: chemical, food, textile, pharmaceu-
‘ ticals, dryers, ovens and where rapid sealing and unsealing :
‘ are required i, T
Pollution control: sound attenuation, hopper seals R
: Laboratory facilities: test equipment, clean rooms
Sensor-on-a-chip system Transportation: military vehicles, ircraft, shipboard, mass
features digital transit doors and hatches :
# ture sensors ‘ Construction: special purpose doors, flood protection
o ‘ Pneuma-Seal is available in a wide range of profiles, with 4
page 48 fabric reinforcing where applicable, and in a variety of rubber ; ;
| and silicone compounds to meet harsh environmental conditions. — : s "
1 Pneuma-Seal is furnished complete, ready to install as - Rt
‘ continuous loops, strips, rectangles, or other shapes to your | A -
specified dimensional requirements. -

\
‘ To obtain a complimentary copy of our designer’s handbook, engineering

page 50 \ assistance or to have a Presray representative contact you, please call us at any of
|

the following telephone numbers:
‘ (914) 855-1220 Telex: 646720
FAX: (914) 855-1139 West Coast: (714) 751-2993

PRESRAY

Presray Corporation
159 Charles Colman Boulevard, Pawling, NY 12564

Chemical sensors would exhibit }
dual optical responses ;

page 46

Ultrasonic sensors are
microprocessor-based

Load cell incorporates
ceramic sensor

page 50

YOU MAY ALSO CONTACT US BY CIRCLING THE
} RESPONSE NUMBER INDICATED BELOW.
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A single chip performs most of the functions of a video camera.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A single-chip complementary metal
oxide/semiconductor (CMOS) integrated
circuit comprises an active-pixel image
sensor with timing, control, and readout
circuits. This chip performs the electron-
ic functions of a video camera of 128 x
128 pixels with control of integration
time, selection of a readout window (a
subset of the full array of pixels), and
frame activation. This chip offers an
alternative to charge-coupled devices
(CCDs). It is difficult to integrate control
and signal-processing functions into
CCDs, and fabrication of CCDs is ex-
pensive in comparison with fabrication
of devices like the present one.

The chip features a 1.2-um design
rule implemented in an n-well CMOS
process. The pixel pitch is 19.2 um. The
chip operates from a 5-V power supply.
An externally-generated clock signal is
needed to produce video output.
Readout is implemented with a column-
parallel architecture; the outputs of the
pixels are multiplexed, one row at a time
and then one column at a time through
a single on-chip amplifier/buffer. Digital
circuits employ common logic elements
to control row and address decoders
and delay counters. In addition to the
clock and power, the required inputs to
the chip are a single +5-V power supply,
start command, and parallel data load
commands for defining integration time
and windowing parameters.

Figure 1 illustrates the major function-
al blocks. The analog outputs are
VS_OUT (signal) and VR_OUT (reset),
and the digital outputs are FRAME and
READ. The inputs to the chip are asyn-
chronous digital signals. To command
the chip to read out from only a specified
area of interest within the 128 x 128
array, the decoder counters are preset
to start and stop at values that have
been loaded into the chip via the 8-bit
data bus. Alternatively, when the
DEFAULT input line is used, all counters
are set to read out from the full 128 x
128 array.

A programmable integration time is
set by adjusting the delay between the
end of one frame and the beginning of
the next. This parameter is set by load-
ing a 32-bit latch via the input data bus.
A 32-bit counter operates from one-
fourth the input clock frequency and is
preset each frame from the latch; thus,
very long integration times are achiev-
able. The input clock signal can have
any frequency up to about 10 MHz. The
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pixel readout rate is tied to one-fourth
the clock rate. Thus, the frame rate is
determined by the clock frequency, the
window settings, and the integration
time. A frame rate of 30 Hz can be
achieved without difficulty.

The chip is idle when the RUN com-
mand is deactivated. It is recommended
to set operating parameters while the
chip is idle, but because of the asyn-
chronous nature of operation of the
chip, it is also possible to set the operat-

@ Active-Pixel Image Sensor Integrated With Readout Circuits

of a sample-and-hold capacitor (CS for
the signal level; CR for the reset level)
with a sampling switch (SHR and SHS
for the reset and signal level, respective-
ly), and a second source follower with a
column-selection switch (COL). The
reset and signal levels from each pixel
are read out differentially, enabling corre-
lated double sampling to suppress 1/f
noise and fixed-pattern noise. These
readout circuits are common to an entire
column of pixels. The load transistors

Clock Input —

Figure 1. The Active-Pixel Image Sensor includes not only the photosensors but also the
timing, control, and readout circuits, integrated on one chip.

ing parameters at any time. When RUN
is activated, the chip repeatedly reads
out frames based on the parameters
loaded in the control registers. When
RUN is deactivated, the frame in
progress runs to completion, then oper-
ation stops.

The photosensor in each pixel is a
photodiode. The pixels in this device are
said to be active because each pixel
also contains active components;
namely, three transistors that are parts
of the readout circuitry. Figure 2 illus-
trates one active pixel along with read-
out circuits external to the pixels. The
pixel unit cell consists of the photodiode,
a source-follower input transistor, a row-
selection transistor, and a reset transis-
tor, which controls lateral blooming
through proper biasing of the reset gate.

At the bottom of each column of pix-
els, there is a load transistor VLN1 and
two output branches to store the reset
and signal levels. Each branch consists

www.nasatech.com

(VLP) of a second set of source followers
and associated clamp circuits are com-
mon to the entire array.

The readout circuits perform correlat-
ed double sampling (CDS) to suppress
pixel fixed-pattern noise and an
improved version of double-delta sam-
pling (DDS) to suppress column fixed-
pattern noise. After a row has been
selected for readout, the signal that is
present on each column from each pixel
in that row is sampled (SHS) onto the
holding capacitor CS. Next, each pixel
in the row is reset (RESET). This is fol-
lowed by sampling the reset level (SHR)
onto holding capacitor CR.

The pixels in the chosen row are then
read out by reading out the columns in
sequence. After a column has been
selected, there is a settling time equiva-
lent to one-half the column selection
period. Then DDS is performed: Prior to
DDS, reset and signal column outputs
(Vcol_R and Vcol_S) contain their

NASA Tech Briefs, October 1996
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respective values plus a source-follower
voltage threshold component. Immedi-
ately after CLAMP is turned off, the DDS
switch (the transistor labeled "DDS" in
Figure 2) and two column-selection switch-
es (COL) on opposite sides are used to
short CR and CS together. The result is a
difference voltage coupled to the out-
put drivers (VR_OUT and VS_OUT) that is
free of the voltage threshold component.

r
I
!
¥

I
1 1
I |
1 I
1 |
I |
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This work was done by Robert Nixon,
Eric Fossum, and Sabrina Kemeny of
Caltech for NASA's Jet Propulsion
Laboratory. For further information,
write in 5 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:

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19582, volume and
number of this NASA Tech Briefs issue,
and the page number.

Figure 2. Each Active Pixel Contains Part of the Readout Circuitry, while some of the readout circuitry is common to all the pixels in a col-

umn and some serves all the columns on the chip.

Pinned Photodiodes

Lower dark current and higher blue response are anticipated.
NASA's Jet Propulsion Laboratory, Pasadena, California

A complementary metal oxide/semi-
conductor (CMOS) active-pixel image
sensor containing pinned photodiodes
has been built (but not yet tested) in an
effort to improve on a silicon-based
active-pixel image sensor that was
developed previously and is now in use
at NASA's Jet Propulsion Laboratory.
The older sensor operates with high
quantum efficiency except in the blue
part of the spectrum, where the
response is diminished by photogates
made of polycrystalline silicon (“poly”
for short). In addition, the dark current (1
nA/cm?) of the older sensor is greater
than desired. Accordingly, the present
sensor was designed to incorporate
pinned photodiodes as its photoele-
ments because pinned photodiodes
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can be fabricated without overlying poly.
Pinned photodiodes are characterized
by no lag, low reset noise, low dark cur-
rent, and high quantum efficiency.
The sensor contains an array of 256 x
256 pixels on an integrated-circuit chip
with an overall size of 1.2 x 1.2 cm and
with a 40-pin pad frame. All of the row
and column circuitry is designed with a
40-pm pitch to match the pixel size. The
circuitry operates at transistor/transis-
tor-logic voltage levels from power
supplies of 5, 2.5, and 1.25 Vdc. Row
and column addressing of the pixels is
accomplished via 8-input NAND gates
(one such gate for the rows, the other for
the columns). Each 8-input NAND gate
contains eight n-channel transistors in
series, implemented by use of overlaid

www.nasatech.com

@ CMOS Active-Pixel Image Sensor Containing

poly-1/poly-2 gates, somewhat as in a
charge-coupled device.

A column-control logic circuit gener-
ates a column-selection signal, which is
used to control the serial readout of
data and is used with a crowbar signal
to perform an operation that reduces
fixed pattern noise. Each column-read-
out circuit contains two sample-and-
hold capacitors; one for the signal level
and one for the reset level. The crowbar
signal activates a crowbar switch,
which is a transistor switch in each col-
umn-readout circuit that is used to
selectively short-circuit the two sample-
and-hold capacitors together to reduce
the fixed pattern noise generated by
threshold-voltage offsets in p-channel
source followers in the readout circuitry.

NASA Tech Briefs, October 1996
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Both the signal and reset levels of each
pixel are read out, providing for off-chip
subtraction to reduce the noise from
each pixel.

The figure illustrates the active-photo-
sensor part of a pixel, with its pinned
photodiode and integral transistors. It
includes a transfer gate, a reset gate, and
a floating diffusion node that connects to
the input node of an n-channel source
follower. A row-control logic circuit gen-
erates a row-selection signal plus the sig-
nals that are applied to the transfer and
reset gates of each pixel in the selected
row. The transfer gate is clocked to
transfer the signal charge to the floating
diffusion node. A frame-reset signal is
also available; this signal is an inverted
one that, when low, switches on the reset
transistors in all pixels, putting all the
floating diffusion nodes at the reset level
but not emptying the signal charge from
the pinned photodiodes.

The signals from the array of pixels are
read out a row at a time. The reset and
signal level from each pixel in the select-
ed row is loaded in the sample-and-hold
capacitors at the bottom of the column
of that pixel. The levels from the columns
are then read out serially.

Floating
Diffusion

Applied Drain
Voltage

Reset

Gate \—\T_

Drain

S

|
® |
—_8__ 60 _ @ _9o o

707,

A Pinned Photodiode in Each Pixel is expected to give higher blue response and lower dark
noise than does a poly photogate in each pixel in an older device.

This work was done by Eric R. Fossum
and Russell C. Gee of Caltech and Paul
P K. Lee, and Teh Hsuang Lee of
Eastman Kodak Company for NASA’s
Jet Propulsion Laboratory. For fur-
ther information, write in 10 on the TSP
Request Card.

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

use should be addressed to:

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19648, volume and
number of this NASA Tech Briefs issue,
and the page number.

& Magnetostrictive Transducers Would Sense

and Damp Vibrations
These devices would incorporate a high-energy magnetostrictive material.
Marshall Space Flight Center, Alabama

Magnetostrictive transducers are
being investigated for potential use in
sensing and damping vibrations of
structures. The magnetostrictive materi-
al to be used in these transducers is
Terfenol-D (or equivalent). Previously,
magnetostrictive transducers have been
operated in a “forward” mode, in which
electrical currents are applied to electro-
magnets that, in turn, apply magnetic
fields to magnetostrictive components
to generate large forces via the magne-
tostrictive effect. The advantage of
Terfenol-D (or equivalent) is that it can
also effect the “reverse” transduction
from mechanical to electrical energy
with equal efficiency.

In a typical application, a structure
would contain one or more members
made at least partly of the magnetostric-
tive material surrounded by an electro-
magnet coil and an annular permanent
magnet (see figure). When a force (e.g.,
a vibrational force) was applied to the
magnetostrictive material, a magnetic
field would be generated by the magne-
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tostrictive effect and intercepted by the
coil. The ends of the coil could be con-
nected to sensing circuitry for measure-

ment of vibrations. The ends of the coil
could also be connected to a suitable
resistor or short circuit to damp the elec-

Force Electromagnet Coil
Magnetic-Field Line
- ::::tlzagnet e Before Compression
®) ©
P
®) ©
Magnetic-Field Line
After Compression
® © e 2
®) ©
Force

This Magnetostrictive Transducer could be used as a passive vibration damper, a vibration

sensor, or a force actuator.
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tromagnetic energy and thereby pas-
sively damp the vibrations. (Alterna-
tively, the transducer could also be
operated as a conventional magne-
tostrictive force transducer by applying
current to the coil to produce a force and
thus, a desired distortion and vibrational
motion in the member.)

Experiments were performed to deter-
mine the degree of passive damping pro-
duced by a magnetostrictive transducer

containing Terfenol (or equivalent). Damp-
ing was found to be optimized by use of
particular coil-shunt resistances, as pre-
dicted by theory. Other experiments were
also performed to measure the sensitivity
of the transducer as a velocity sensor.
These experiments showed that the
transducer put out large velocity-related
voltages, both when it was used as a sen-
sor only and when it was also used simul-
taneously in the “forward” actuator mode.

This work was done by Ralph C. Fenn
and Michael Gerver of Satcon Technol-
ogy Corp. for Marshall Space Flight
Center. For further information, write
in 29 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-26290.

& Improved Acoustic Sensors for Use in Flows

Outer surfaces and placements of microphone inlets are modified to reduce noise.
Ames Research Center, Moffett Field, California

Figure 1 illustrates two sensors that
measure sound waves in flows of air
and other fluids at subsonic speeds;
one is of an older design and one is of
a newer, improved design that results in
less measurement noise. Both include
curved nose sections with smooth tran-
sitions to aft cylindrical sections. In both
cases, the cylindrical sections contain
microphones with side inlets covered
by screens. The two designs differ
mainly in the shapes of the nose sec-
tions and placements of microphone
inlets relative to the nose-section/cylin-
drical-section transitions.

In the older design, the nose section
features a sharp tip that can create flow
instabilities when the longitudinal axis
of the sensor lies at even a small angle
from the direction of flow. Moreover, the
screen and microphone inlet are located
adjacent to the nose/cylinder transition,
in an area of unfavorable pressure gradi-
ent, where the pressure is very sensitive
to fluctuations in the freestream flow
such as those fluctuations caused by
freestream turbulence. The microphone
responds to these fluctuations in the
same way in which it responds to the
pressure fluctuations from sound waves
that one seeks to measure; as a result,
the microphone output includes noise
contributed by flow instabilities.

In the newer design, the nose fea-
tures a rounded tip; the nose section is
ellipsoidal, with its major axis collinear
with the longitudinal axis of the cylindri-
cal section, its minor axis coincident
with the diameter of the cylindrical sec-
tion, and an eccentricity of about 4.
Unlike the sharp tip in the older design,
this rounded tip does not readily excite
instabilities when mounted at small
angles to a smooth flow or when the
direction of flow fluctuates with turbu-
lence. The surfaces of the nose section
and the adjacent cylindrical section are
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made as smooth as possible to further
reduce the incidence of instabilities.

In the newer design, the microphone
inlet is located between 3 and 4 cylinder
diameters downstream of the nose/ cylin-
der transition. This location is chosen
because it is downstream from the unfa-
vorable pressure gradient wherein the
flow is in an unstable state in which small

freestream fluctuations can be ampli-
fied; it is far enough downstream that the
static pressure is stable and equal to the
free-stream static pressure. At the same
time, this location is far enough upstream
so as not to be affected significantly by
turbulence-induced noise that grows as
the boundary-layer flow grows with
increasing distance downstream.

Nose Section

Cylindrical Section

Screen Over Microphone Inlet

Nose Section

Diaphragm of Microphone
OLDER DESIGN

Cylindrical Section

+

Screen Over Microphone Inlet
NEWER DESIGN FOR LOWER NOISE

Diaphragm of Microphone

Unfavorable
Pressure Gradient I

Static Pressure on Surface

Recovery
Region

Pressure Here Equals
J Free-Stream Pressure

Axial Distance From Tip
STATIC PRESSURE VERSUS POSITION IN NEWER DESIGN

Figure 1. Older and Newer Designs of Acoustic Sensors for use in subsonic flows differ in
the shapes of the nose sections and placements of microphone inlets. An alternative newer
design (not shown) more suitable for use in supersonic and hypersonic flows calls for a sharp

nose longer than that of the older design.
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Figure 2 shows noise levels obtained
from the outputs of sensors of the older
and newer designs. The data from the
sensor of older design indicate higher lev-
els of noise at several frequencies ranging

Ames Research Center. For further
information, write in 47 on the TSP
Request Card.

This invention has been patented by
NASA (U.S. Patent No. 5,477,506).
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Figure 2. Noise Levels vs. Frequency were measured in the outputs of a sensor of the older
design and a sensor of the newer design in a wind tunnel at a speed of 200 knots (103 m/s).

from about 20 to about 80 kHz, while the
data from the sensor of newer design
indicate generally lower noise levels with
no high peaks in this frequency range.

This work was done by Christopher S.
Allen of Sterling Federal Systems for

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-
12001.

» Sensors Would Monitor Rocket

Exhausts for Signs of Wear
Marshall Space Flight Center, Alabama

Optoelectronic sensor systems are
being developed for installation on rock-
et engines to monitor exhaust gases for
signs of wear in the engines. These sys-
tems would yield data on the concentra-
tions of critical rocket-component met-
als in rocket-exhaust gases by measur-
ing emission and absorption spectra
characteristic of the metals. The sensor
systems would not only provide mea-
surement data to engine controllers in
real time but would also store measure-
ment data in nonvolatile onboard mem-
ories to provide histories of losses of
metal from the engines. The historical
data would be useful in making deci-
sions concerning maintenance and
withdrawal from service. The principal

NASA Tech Briefs, October 1996

innovative feature of these systems lies
in their highly miniaturized and rugged
designs; with suitable modifications,
these designs could be adapted to
spectral monitoring systems for com-
mercial turbojet and turbofan engines.

This work was done by David B.
Duncan of Duncan Technologies, Inc.,
for Marshall Space Flight Center. For
further information, write in 94 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-26381.

www.nasatech.com

Don’t Settle
for Back
End
Solutions!!

Choose a signal
conditioning package
designed for the
automation era.

STRAIN* VOLTAGE » CHARGE
IES SENSOR
LVDT = FILTER
TEST/CAL SIGNAL GENERATOR
FREQUENCY TO VOLTAGE

b Mini Chassis

‘ </ National Instruments’

Sy LabVIEW VI's

Ay

Syminex Inc. 200 Valley Road

Mount Arlington, NJ 07856
(201 398-5900 FAX (201) 398-5804

For More Information Write In No. 406




The world's broadest
line of thermal
sensing and control
products.

When it comes to temperature sensing and
temperature influencing, absolutely no one can
offer you as complete a system as EiImwood
Sensors. Worldwide capabilities. Local service.
Custom engineering solutions. No matter what
you need, or when you need i, we can help you.

Call 1-800-ELMWOOQD for more information.

130 8001 CERTIFIED

Elmwood
Sensors

Thermal Sensing and Control Technology... Worldwide
Visit us on the Web atf: hitp://www.elmwoodsensors.com

Eimwood Sensors, 500 Namrogansett Park Drive,
Pawiucket, RI 02861-4325, USA, Tel: 401-727-1300, Fax: 401-728-5390

S
For More Information Write In No. 407

@Dual-Mode

Chemical Sensors

Chemical species and their concentrations
would be determined optically.

NASA'’s Jet Propulsion Laboratory,
Pasadena, California

Chemical sensors based on porous glasses doped with
reactive chromophores are undergoing development. A sen-
sor of this type exhibits dual optical responses when infil-
trated by some chemical species (analytes) that react with
the chromophores. One of the optical responses is a distinct
color — that is, a unique absorption or reflection spectrum
characteristic of a specific analyte; thus, the color or spec-
trum can be used to identify the analyte. The other optical
response is luminescence, the quenching of which is propor-
tional to the concentration of the analyte; thus, luminescence
can be measured by absorption spectroscopy to obtain a
measure of the concentration of the analyte.

The glasses investigated for this purpose thus far are porous
silica sol-gel glasses doped with oxovanadium centers. [See
also "Porous Silica Sol-Gel Glasses Containing Reactive V,0s
Groups" (NPO-19135), Laser Tech Briefs, Vol. 3, No. 1 (Feb-
ruary 1995), page 30.] In these materials, the oxovanadium
centers act as Lewis-acid sites, which coordinate small mole-
cules. This coordination results in the color unique to analyte
molecules of a given species. For example, water turns the
glass orange, hydrogen sulfide turns it deep amber, and
formaldehyde turns it green. In addition to these chromic
changes, the glass luminesces green (with a spectral peak at a
wavelength of 520 nm).

The figure illustrates a likely configuration for a sensor of
this type. The doped-glass sensory component would be
packaged to intercept excitatory light delivered via an optical
fiber. Also included in the package would be two photode-
tectors; one photodetector would be collinear with the illumi-
nating beam of light for measuring absorption, while the
other photodetector would be perpendicular to the beam for
measuring luminescence. The sensory material could be
applied as a film at the tip of the optical fiber, or it could be
deposited to form a channel in an optical waveguide device
at the tip of the fiber.

This work was done by Albert E. Stiegman and Gerald
Voecks of Caltech for NASA's Jet Propulsion Laboratory.
For further information, write in 75 on the TSP Request Card.
NPO-19591

Sensory Component Made of
Doped Porous Glass
L4
—
\—if;l'[ﬁ» e
lllumination Photodetector

Emission Photodetector

Light Delivered via the Optical Fiber would illuminate the sensory
component. The outputs of the photodetectors could be used to
determine the identity and concentration of an analyte.
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NEW FROM INCO SPP...

EXTRA FINE NICKEL POWDER

Inco Type 210 Nickel Powder

JUST ADD YOUR IMAGINATION

SEND FOR YOUR FREE SAMPLE TODAY

INCO SPP

10 Lawlins Park, Wyckoff, NJ 07481
Shin-Muromachi Building, 4-3 Nihonbashi-Muromachi 2-Chome, Chuo-ku, Tokyo 103 Japan
Clydach, Swansea, West Glam., SA6 5QR Wales
15/F1 Wilson House, 19-27 Wyndham Street Central, Hong Kong

For More Information Write In No. 652




Sensors

The MPS Series of mag-
netic proximity sen-
sors from C&K Com-
ponents, Watertown,
MA, features hermeti-
cally sealed contacts,
wide gap performance,
Alnico V magnets, and
O-ring shock protec-
tion. The sensors are
suited for applications
involving limit, path interruption, size, and level sensing and counting.

The sensor contacts are hermetically sealed within a glass capsule in a dry
nitrogen atmosphere using a high-energy CO, laser, allowing the reed
switch to operate in damp or dusty environments. The wide gap perfor-
mance allows the magnet and switch to operate when misaligned, increas-
ing sensitivity and providing easy installation. The ABS plastic housing
meets or exceeds UL requirements for fire retardation. Prices begin at $2.00
to $3.00 each in quantities of 1000.

For More Information Write In No. 706

Litton Poly-Scientific,
Blacksburg, VA, has
introduced the Model
DRBB-11-AA-01AA
rugged absolute posi-
tion sensor for mea-
surement of mechani-
cal rotation. Using
brushless resolvers
with integral electron-
ics, the unit is a com-
pact position transducer with DC input and digital output. It provides low
sensitivity to variations in voltage, temperature, humidity, shock, and
vibration.

No external circuitry is required; it is energized with +5 VDC and obtains
12-bit serial data for interface to a computer. The unit requires five inputs
and provides four outputs that are TTL compatible. It can be used with a
differential line driver/receiver for high ambient noise and long distance
data transmission applications.

For More Information Write In No. 707

The Temposonics L
Series industrial po-
sition sensors from
MTS Systems Corp.,
Research Triangle Park,
NC, feature three inte-
grated components:
the wave guide, elec-
tronics, and applica-
tion housing. The wave
guide and electronics
are fully encapsulated
to minimize effects of shock and vibration. A selection of application hous-
ings are available, including an embeddable rod-style housing, profile-style
housing, and standard rod housings.

The sensors offer 0.015% of full scale linearity, hysteresis of 0.00015,
and feature adjustable zero, span, and set points; and dual analog outputs
for velocity, position, or a second position. Standard output options include
analog voltage and current, start/stop pulse, and pulse width modulation.

For More Information Write In No. 701

Clean Signal Sensors, Hono-
lulu, HI, offers True Wav" and
DH" ruggedized, weather resis-
tant, signal-conditioned sen-
sors. The True Wav is used for
DC or AC watt, amp, and volt
measurements, and measures
true average power, rms cur-
rent, and isolated rms volts.
Two heads are integrated onto
one cable with a DB15 connec-
tor termination. Each head has an internal temperature sensor with isolat-
ed voltage and temperature test leads. Accuracy is rated at +2%.

The DH is a DC current, voltage, and temperature sensor that features, on
one DB15 connector, two sensor heads. Each head includes one current,
one voltage, and two temperature sensors, and each incorporates the CSS
proprietary ground plane sandwich design to minimize external noise. The
assembly is potted in a polyurethane mold for weather resistance. The sen-
sor features an accuracy of +1.5% and is available in single- and double-
headed models.

For More Information Write In No. 709

Analog Devices, Wilmington, MA,
offers the TMP03 and TMP04 digital
output temperature sensors, which
provide a sensor-on-a-chip system. The
monolithic thermometers include sen-
sor, A/D converter, voltage reference,
and control logic functions for thermal
monitoring systems. Applications
include energy management systems,
industrial process controllers, and lab-
oratory instrumentation

The sensors feature a measurement
range from -40° C to 100° C. The
TMPO3 has an open-collector 5-mA
output for data going to pulse-width
modulated circuitry; the TMP04 provides TTL-CMOS compatible outputs
for direct interface with DSPs and microcontrollers. Four versions of each
sensor provide various operating temperature ranges and packaging
options such as surface-mount SO-8 and TSSOP-8 devices. Prices start at
$2.49 each in quantities of 1000.

For More Information Write In No. 710

The Model PCA40 and
PC40 flat pack capacitive
sensors from Gordon
Products, Brookfield, CT,
feature an external sensing
element that can be used
to enhance the sensitivity
of the 1.5” square internal
sensor or for attachment to

application-specific sens-
ing elements. Both models
have shielded housings to allow mounting on grounded metal surfaces.

The self-contained sensors generate a low-power capacitive field, detect-
ing intrusion into the field by any object with a dielectric constant higher
than 1. The PC40 has switched NPN and PNP outputs; the PCA40 has an
analog output. Applications include level monitoring of liquids and plas-
tics, monitoring changes in material density or composition, and measur-
ing distances to metal and non-metal targets. The PC40 is priced at $88; the
PCA40 is $110

For More Information Write In No. 711
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Al over the world, you'll discover Metrum recording
system solutions at work. And even out of the world.
Today, while the space shuttle floats across the cosmos,
up to 24 channels of asynchronous analog and digital
data is streaming, and screaming, the miles upon miles
back to earth. At speeds of up to 1 Mbps/channel.

Now, while assembling this complex array of data
recorders, data multiplexers, demultiplexers, racks,
cables, software, and automatic cassette handlers

might seem a bit daunting, for NASA it was really quite
simple. All they had to do was pick up the telephone
and call Metrum. We created and delivered a completely
automated, integrated, turnkey system.

So call 1-800-Metrum-2 and find out precisely
what kind of systems and solutions we can put
together for you, too. And please keep in mind,
when we say our recording solutions are out of
this world, we mean it.

Division of Bell Technologies Inc. 4800 E. Dry Creek Rd., Littleton, Colorado 80122-3700
(303) 773-4700 « Fax (303) 7734762 = 1-800-Metrum-2

MEET US AT THE INTERNATIONAL TELEMETERING CONFERENCE-OCT28-31-SAN DIEGO-BOOTH 164



Electronic Design and Packaging,
Livonia, MI, has introduced the
SonaSwitch 1650 microproces-
sor-based ultrasonic sensor,
available in two versions: two
independent switch point out-
puts or 0-5 volt analog output.
Both units are temperature-com-
pensated for accuracy.

Features include a range from 6
inches to 10 feet, two 3-amp form
C relay outputs or one 0-5 VDC
8-bit analog output, an ABS plas-
tic EMI/RFI shielded enclosure,
and a polymer protected electro-
static transducer for harsh envi-
ronments. The sensors operate on
10-30 VDC and measure 2.25" x 3.5" x 0.90". Applications include
absence/presence sorting and proximity sensing.

For More Information Write In No. 700

Honeywells Micro Switch
Division, Freeport, IL, has
introduced the 20PC Series
miniature flow-through pres-
sure sensors. The 26PC
Series is temperature-com-
pensated, allowing part inter-
changeability; the 24PC Se-
ries is non-compensated for
applications where calibration
is done on-system.

The sensors can measure
dynamic or static pressure in
a variety of applications, including medical, environmental, robotics, and
manufacturing automation. A 24” wire harness provides mounting flexibil-
ity and is adaptable to user circuitry. Two sizes of medical-grade sensor
ports accept standard tubing sizes and connectors. A variety of pressure
ranges are available. Operating temperature range is from -40° to 85° C.
Prices range from $16 to $40 for OEM quantities.

For More Information Write In No. 708

Transducer Techniques, Temecula, CA, offers the GS Series Gram Force
sensors and the MLP Series universal low-profile load cell. The sensors are
available in ranges from 0-30, 50, 100, 150, 250, and 1000 grams full
scale. The sensing end is a 6-32 tapped-through hole that provides attach-
ment for tension and/or compression from top to bottom. A bonded foil
strain gauge full bridge provides output of 1 or 2 mv/v. Combined accura-
cy of non-linearity and hysteresis is 0.1% full scale or better. The load cell
was designed for tension and compression applications in limited spaces.
Non-repeatability is 0.05% FS; output is 2 mv/v nominal via a full
Wheatstone strain gauge bridge.

For More Information Write In No. 702

The Sursense™ micro-
machined silicon pres-
sure sensors from
Data Instruments, Ac-
ton, MA, measures
pressures from 1”7 of
water to 1 psi for use
as PC-board-mount-
able sensors in med-
ical applications or
field-installable sen-
sors for HVAC applications. The sensors were designed to eliminate off-
set errors related to gravity, temperature sensitivity, vibration, and long-
term drift.

The sensors’ piezoresistive technology can replace hot wire anemometers
for airflow sensing. Available pressure ranges from 1" to 30" water are
offered with either millivolt or amplified outputs. The 1" x 1” x 1” package
can be PC-board-mounted. Variable air volume (VAV) pressure sensors are
available with a range of 5" of water full scale and a 3/4-volt-per-inch of
water output.

For More Information Write In No. 703

Lucas Control Systems Products,
Fremont, CA, has announced the
NovaSensor” NPP series plastic pack-
age pressure sensors designed for
OEM applications that require small
size and mild corrosive media isola-
tion capabilities. The piezoresistive
sensors provide signal output stabili-
ty over -40° C to 125° C and are
available in pressure ranges from 0-
15, 0-30, and 0-100 psi. They pro-
vide unamplified full scale output of 60 +20 mV with 3.0 Vdc excitation.

The sensors offer a combined linearity hysteresis and repeatability error
of less than +0.3%. They can be used in applications such as automotive,
consumer altimeters, barometers, leak detection systems, medical patient
monitoring, and portable gauges and manometers. A lead frame package
design provides stress isolation and the silicon piezoresistive pressure die is
gel-coated for protection in high-humidity and dusty environments. Unit
prices are less than $3.00 in OEM quantities.

For More Information Write In No. 704

Setra Systems, Acton, MA,
offers the Mass Monitor
moment-insensitive load
cell, which incorporates a
variable capacitance ceram-
ic sensor, a weighing plat-
form, signal conditioning
circuitry, and an optional
electronic display board.
The module is available in
- weighing capacities from
200 grams to 50 kilograms and is accurate to 10 ppm. Software enhance-
ments include resolution selection, various display update settings, and cal-
ibration options for operation in harsh environments

The module can be installed in any weight-supporting structure using
three bolts. Supplied electronic circuitry automatically linearizes and com-
pensates the load cell’s output signal for temperature. The circuit includes
a display connector and RS-232 serial data interface for bidirectional com-
munications with the controlling device.

For More Information Write In No. 705
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60 MSPS, 12 Bit A/D on PCI Bus

Product of the
Month

CompuScope 6012/PCI
¢+ Up to 60 MSPS, 12 Bit Sampling A/D
on PCI Bus

¢+ Up to 100 MB/s Transfer Rate
to PC Memory

¢ Stream A/D Data to PC Memory
at 60 MSPS

2 GS/s A/D Card

CompuScope 2125/ETS

2 GS/s Sampling A/D for Repetitive Signals
| 250 MSPS, 8 Bit Real Time Sampling A/D
Software Driver to Emulate Tek TDS 520

CompuScope ISA Bus Products

60 MSPS, 12 Bit A/D Card -- 61 dB SNR
Up to 16 Meg Memory

LabVIEW VI's Available

Drivers in C, BASIC, Windows DLL,...
Free GageScope Software

Many Other Models Available

CS6012/PCI  PCI BUS 12 bit/ 60 MSPS / 512K $8,995

Cse012 ISABUS 12bit/ 60 MSPS / 512K $6.995

CSs512 ISABUS 12bit/ 5MSPS/512K $2,795 =
CS2125/ETS ISABUS 8bit/2 GS/s /256K $5,495

CS250 ISABUS 8bit/100 MSPS /32K $3.500 oo - -
CSLITE ISA BUS 8 bit / 40 MSPS /16K $595

GAGE APPLIED SCIENCES (U.S.) INC.
1233 Shelbume Road, Suite 400

CALL 1 '800'567'GAG E ?::Ut(g;;jgg‘ggqavgags?&%) 780-8411
Ask for extension 3406 4 2 43 CompuServe : 73042,346

e-mail: prodinfo @ gage-applied.com
web site: hitp://www.gage-applied.com

U.S Prices istad above. Intemational prces may vaty

From outside the United States, contact Gage Applied Sciences Inc., 5610 Bois Franc, Montreal QC, Canada H4S 1A9 Tel: (514) 337-6893 Fax: (514) 337-8411 BBS: (514) 3374317

For More Information Write In No. 650



TURN DATA INTO INSIGHT — FAST

Transform data into dynamic graphs and
images with IDL, the pioneering software

for interactive data analysis and application
development. Quickly gain insight, draw con-
clusions, and make we%l—informed decisions —
without complex coding or the limits of
closed applications.

WORK SMARTER, NOT HARDER

IDL dramatically improves the productivity
of engineers, scientists, and developers by
combining data manipulation, analysis, and
display within an integrated computing
environment. Answers come into view fast,

accelerating the process of discovery and
innovation. IDL is so valuable, it often
becomes an organizational standard and the
foundation of mission-critical applications.

REDUCE DEVELOPMENT TIME

Rapidly prototype solutions and see results
“on the fly” using IDL’s vast library of func-
tions. Develop applications using a high-level,
array-oriented programming language in a
fraction of the time spent using C or Fortran.
If you analyze images or data from tests,
experiments or simulations — or write appli-
cations for other people — IDL will help you
do the job faster.

7
SEE GREAT RESULTS
Quickly see and explore your
data using XY plots, curves, and -
surfaces, LFlus advanced image processing, vol-

ume rendering, and animation. IDLs versatility
makes it simpﬁz to read virtually any type of
data. Make the analysis process even smoother
with built-in number-crunching functions —
from autocorrelation and linear algebra to
time-series analysis and wavelet transforms.
It's all there in one place when you need it.

WHY START FROM SCRATCH?

Exploit IDL's proven ability to create robust
applications in far less time than it takes to

GERMANY CREASO, GmbH 49 8105 25055e 100137.2421@compuserve.com FRANCE Fast Parallel Solutions 33 1 46 87 25 22# 100347.1577@compuserve.com UK Floating Point Sys. UK Lid. 44 734 776333eken@floating.demon.co.uk




program from scratch. A few IDL functions
can do the job of hundreds of lines of C or
Fortran, without sacrificing flexibility or per-
formance. Plus, IDL can call C or Fortran func-
tions or share data with external processes to
leverage other software investments. Developers
using C, C++, or Fortran can also call IDL as a
data analysis and visualization library, and
avoid the time required to create and main-
tain homegrown routines.

CHANGE HARDWARE WITHOUT
CHANGING SOFTWARE

Deliver solutions across Unix, Windows,
Windows NT"™ Macintosh® and VMS™ —without

The Answers

time-consuming code changes. Your point-
and-click applications look great, because
IDLs purtagﬁ)e GUI tools use each platform’s
native widgets and controls. The result? Users
put solutions to work immediately on any
computer, without lots of training. And devel-
opers satisfy a larger group of users and dra-
matically reduce costs.

SEE THE ANSWERS FOR YOURSELF
For a free evaluation copy, call

303-786-9900

Email: info@rsinc.com
Fax: 303-786-9909

Software = Vision.

Research Systems, Inc.
2995 Wilderness Place
Boulder CO 80301

ITALY Alliant Computer Sys. SRL 39 39 6091766 cs@alliant cise.f JAPAN Adam Net Lid. 81 35802 2251 = taro@adamnet co.jp BRAZIL SulSoft 55 51 488 22 57emis@inf ufrgs.br KOREA InterSys 82 42 869 4746ejsyoon@isl kaist.ac kr
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and Circuits

Tracking a Microwave-Cavity Resonance by Use of Vibrations
The electromagnetic field is modulated by a vibrating rod.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A microwave heating apparatus that
comprises a resonant cavity excited by a
magnetron has been equipped with an
automated tuning system (see figure) to
maintain resonance. Resonance is a desir-
able condition because it maximizes the
transfer of power to the material sample
that one seeks to heat. Typically, the cavity
becomes detuned from resonance during
heating of the sample because the permit-
tivity of the sample changes with tempera-
ture, altering the electromagnetic field in the
cavity. Manual tuning to maintain reso-
nance would be economically inefficient in
a production situation. Thus, a system like
this one that automatically compensates
for the detuning effect can enhance effi-
ciency and productivity in microwave pro-
cessing of materials.

Like other automated resonance-
tracking systems, this tuning system is
based on a principle derived from that of
old-fashioned radio tuning, in which one
brackets a resonance by manual back-
and-forth actuation of a tuning device
while seeking an optimum quantitative or
qualitative measure of the signal (e.g.,
maximum signal level or best sound). In
both traditional manual tuning and in other

automated resonance-tracking systems,
the tuning adjustments usually vary the
frequencies, but in this case, one does not
have the option of frequency tuning
because the frequency of oscillation of the
magnetron is not adjustable and is nomi-
nally constant. Therefore, in this system,
the main tuning adjustment is translation
of a plunger along the cavity to bring the
cavity to resonant length.

The back-and-forth tuning action need-
ed to locate the resonance is provided by
an auxiliary tuning device, which includes a
hollow metal rod that is mounted on a
loudspeaker outside the cavity and that
protrudes into the cavity, preferably at a
position of maximum electric field. An
audio oscillator drives the loudspeaker at a
convenient frequency between 30 and
100 Hz, causing the rod to vibrate and
thereby impose a slight modulation on the
microwave field in the cavity A diode
across the cavity from the vibrating rod
detects the amplitude modulation of the
electric field.

Both the signal from the audio oscillator
and the amplified output of the diode are
fed to the mixer at saturating amplitudes,
so the low-pass-filtered output of the

mixer depends only on the difference
between the phases of these two signals.
This phase difference is a measure of the
deviation from resonance. Thus, the out-
put of the mixer constitutes an error signal
that indicates the adjustment needed to
restore the cavity to resonance. Accord-
ingly, this signal is fed to an amplifier, the
output of which is fed to the motor that
drives the plunger to obtain the required
tuning adjustment.

The effectiveness of the automated tun-
ing system was demonstrated in experi-
ments in which the microwave apparatus
was used to heat an alumina rod. The appa-
ratus was operated with a forward
microwave power of 200 W in two cases:
one with, and one without automatic tuning.
Without automatic tuning, the rod attained
an asymptotic temperature of about 600 °C
in 5 min. With automatic tuning, the temper-
ature of the rod exceeded 900 °C (and was
still increasing) in less than 2 min.

This work was done by Martin Barmatz
and Ofer Iny of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, write in 17 on the TSP Request
Card. NPO-19390

Motor

Tuning Stubs
Sample of Material To Be Heated (e.g., an Alumina Rod)
I | I | Diode / Plunger
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Vibrating Rod ™ __
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The Vibrating Rod modulates the electric field in the cavity. The phase difference between the vibrations and the modulation provides an
indication of deviation from resonance and is used to control repositioning of the plunger to maintain resonance.
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Wrap Spring Clutch/Brakes

New 48-page brochure features Wamer

Electric wrap spring clutches and brakes.
High torque-to-size ratio. Rapid cycling

capability. Accurate, repeatable positioning.

Torque ratings to 5000 Ib.in. Request Tech
Fax Document 277 or Catalog P-619.

For More Information Write In No. 670

Ceramic Faced Electric
Clutch/Brakes

Two of Warner Electric’s most popular
series are available with ceramic friction
material that provides run-in performance
right out of the box. For high cycle rate or
demanding consistency the UM-C or EP-C
is the right choice. Provides 3 to 5 times
friction life. EP-C foot mounted torque
from 15 to 70 Ib. in. UM-C faced torque
from 16 to 95 Ib. in. Request Tech Fax
Document 224 or Catalog P-1041.

For More Information Write In No. 671

WARNER

Products for
Controlling
Rotary Motion

For instant access to technical
information 24 hours a day...every
day, call our Tech Fax number

and enter the document number of
the product you are requesting.
Or call 815/389-6691 to request
a specific catalog.

Tension Control Systems

Wamer Electric’s new 48 page catalog of
tension control systems features new
clutches for tension wind-up, with
continuous slip capacity in excess of 8
thermal HP as well as an improved and
expanded line of modular tension brakes
designed for better performance and
longer life. Request Tech Fax
Document 250 or Catalog P-771.

For More Information Write In No. 672

Magnetic Particle Clutches &

Brakes

For controlled starts and stops, tension
control, torque limiting and cycling
applications. High thermal ratings.Smooth,
quiet, frictionless operation. Torque ratings
from .72 to 578 Ib.ft. Request Tech Fax
Document 460 or Catalog P-1107.

Enclosed UniModule®

Wamer Electric's new Enclosed Uni-
Module (EUM) packages the hard-working
components from the UM in a new
modern enclosure. This rugged enclosure
keeps the wear particles in and
contaminants out and provides
dependable, quiet clutch/brake indexing.
Available in 5 sizes 16-95 Ib.ft.,

2 configurations, and 3 voltages. The
washdown units use stainless steel
shafting, USDA approved coating and
many special sealing features. Request
Tech Fax Document 205 or Catalog

P-1040. gor More Information Write In No. 675

Formsprag Overrunning
Clutches

Formsprag overrunning clutches deliver
thoroughly proven, dependable power
transmission. Instantaneous action, no
backlash. Infinitely changing wear points.
More torque, less space. Full sprag com-
plement. Overrunning clutches handle
torque loads up to 700,000 Ib.ft, (949200
Nm). Request Tech Fax Document 367 or
Catalog P-956.

For More Information Write In No. 673

Formsprag® Stieber

Overrunning Clutches

Instantaneous response, ideal for
backstopping, overrunning and indexing
applications. Ball bearing support models.
Extra narrow widths for space limited
applications. Torque ratings to 200,000
Ib.ft. Request Tech Fax Document 293 or
Catalog P-935.

For More Information Write In No. 676



Using Vibrations To Match Impedance of

a Microwave Cavity

Phase modulation caused by vibration of a tuning stub indicates impedance mismatch.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

An automated feedback-control sys-
tem performs matching of impedances
between a microwave source (@ mag-
netron) and a resonant microwave cavity
that contains a sample of material to be
heated by microwave power. Impedance
matching is essential for transfer of max-
imum power. The basic function of the
automated impedance-matching system
is similar to that of the automated reso-
nance-tracking system described in the
preceding article, “Tracking a Microwave-
Cavity Resonance by Use of Vibrations”
(NPO-19390).

Both automated systems are needed
for the same reason, namely that heating
of the sample causes both the real and
imaginary parts of the complex permittiv-
ity of the sample to change, thereby
altering the electromagnetic field in the
cavity. One of the resultant effects is a
change in the input impedance of the
cavity and therefore a decrease of power
coupled into the cavity. Often, manual
adjustments cannot be performed rapid-
ly enough to compensate for such
changes in impedance. Thus, a system
like this one that automatically maintains
an impedance match can enhance
microwave processing of materials.

In this system (see figure), one of the
tuning stubs is driven by two motors: an
ac motor that causes the tuning stub to
vibrate at a frequency of about 12 Hz or
less and a dc motor that provides control
over the steady or slowly varying (dc)
position about which the stub vibrates. A
photodiode on the ac motor serves as an
indirect vibration frequency sensor by
optoelectronically monitoring the oscilla-
tion of a shiny surface on the motor shaft.

A diode crystal detector is positioned to
monitor the microwave power transmit-
ted into the cavity, while another such
detector is positioned to monitor the
power reflected from the cavity back
toward the magnetron.

Either diode crystal detector can be

the difference between the phases of the
vibration and the modulation, and this
phase difference is a measure of the devi-
ation of the dc position of the tuning stub
from the optimum position for an imped-
ance match. Thus, the low-pass-filtered,
amplified output of the mixer is fed to the

Sample of Material To Be Heated (e.g., an Alumina Rod)

;ungsr "

C X 1/

Tuning Stubs/ Couplmg Ins

——-—

[ 5=

Vibrating Rod (Part of

B J
Resonance-Tracking System) % !

The Vibrating Tuning Stub modulates the power transmitted into and reflected from the cavity.
The phase difference between the vibrations and the modulation provides an indication of devia-
tion from impedance match and is used to control the dc position of the vibrating tuning stub to

maintain impedance match.

used, along with the vibration sensor, to
track the impedance match, because the
vibration of the tuning stub modulates
both the transmitted and reflected pow-
ers. The amplified output of the chosen
diode crystal detector is fed to one input
terminal of a mixer, while the output of the
vibration sensor is fed to the other input
terminal of the mixer. The low-pass-fil-
tered output of the mixer is a measure of

dc motor to move the stub up or down,
as needed, toward the optimum position.
This work was done by Martin
Barmatz, Ofer Iny, Richard Zanteson, and
Tzu-Yuan Yiin of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 18 on the TSP
Request Card.
NPO-19500

Portable PCM Format Synchronizer
John F. Kennedy Space Center, Florida

The pulse-code-modulation format
synchronizer (PCMFS) is a portable,
easy-to-use, microprocessor-based in-
strument that aids in testing of PCM
data-transmission equipment and
cables. Prior to the development of the
PCMFS, testing involved the use of a
large electronics rack that contained a
PCM data decommutator, which had to
be brought to each test site; it was nec-
essary to spend considerable time mov-
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ing the rack, connecting it to power and
data cables, and configuring the decom-
mutator for the specific data format for
the site. The PCMFS eliminates the need
for the rack and can be set up and oper-
ated much more easily and quickly. The
PCMFS displays information on a vacu-
um fluorescent display module of six lines
with 40 characters per line, and receives
input from the user via a keypad of 20
keys. The PCMFS uses a menu system

www.nasatech.com

to accept input to set up all parameters
needed for various data formats.

This work was done by James M.
Schaffer and John M. Parks of Kennedy
Space Center. For further information,
write in 43 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) 867-2544.
Refer to KSC-11834.
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If a 170 Ib. engineer

is asked by 3 project leaders to model

the same problem with 50 different parameters
in 1 day using a scientific calculator, find the time
required for the calculator to hit the ground once

it’s been thrown out the window.

Most technical professionals face
the same problem every day: the need
to do (and re-do) complex calculations.
Quickly. Armed with limiting graphing
calculators and typical, hard-to-learn
math software, what's a (normally)
mild-mannered engineer to do?

The answer is Mathcad PLUS 6.
The only calculation software that
does math the same way

variate curve fitting, data smoothing f
and locking, and animation capabili- |
ties. You can also build your own H
functional programs using procedural |
operators, and create function libraries i
for analysis you perform frequendy. |

Matbcad 6 solves the most complex i

problems, from start to finish, with an
intuitive, bighly usable interface.

el X

vou do. In vour language

(math). At your

speed (light).

Mathcad turns
your computer |~
screen into a live

worksheet. -
Allowing you to
perform numeric |
and symbolic
calculations, add |5
graphics and
annotate text

And since technical people are human
too, Mathcad has a Desktop Reference
and Sampler filled with standard for-
mulas and physical constants - lest
you forget one. And QuickSheets ~
with example worksheets you can drag
and copy onto your own worksheet.
As if all this didn’t promote enough
office harmony, Mathcad lets you share
and discuss data and results through
professional-looking documents,
e-mail, and the World Wide Web.
To get Mathcad, go to your
favorite software retailer, call 1-800-
MATHCAD, or visit our website for
nical problems. And maybe

more information. It can
[ |
— even a few personal ones.

solve your toughest tech-
http:/www.mathsoft.com

wherever you

want - just like wnh a pencil and
scratchpad. (Only 1.7 zillion times
faster!) And if you change a vari-
able, Mathcad recalculates the
results instantly.

This free-form, interactive envi-
ronment makes Mathcad perfect for
formulating models, setting up prob-
lems, and evolving solutions. With
hundreds of operators and built-in
functions, you can solve linear and
non-linear equations, and perform
derivatives and integrals, advanced
vector and matrix operations, statisti-
cal analysis - all the calculations you
do many times a week.

Want to see more? Mathcad

offers 2-D and 3-D graphing, multi-

Numeric Calculation

* Derivatives, integrals,
summations and products

* Wavelet & Fast Fourier
Transforms

* Automatic engineering
unit assignment

* Root of Polynomial finder

* Differential Equation

Visualization

* Animation

Poisson, Chi-squ

s.(.)hlm} regression
* Simultaneous equation
solving : o
Ad * Operators include
1 O Mstetx branches, loops,
Ruiyctians recursion
* Matrix decomposition &
multidimensional matrixes Usability and
* Linear system solvers lnlt)crw')eﬂbility
boli E * Drag between
Sy ic Calculations documents
* Symbalic integration and
differentiation Document
* Symbolic algebra and Preparation
clulus * WYSIWYG

* Polar, contour and
parametric plots

* Linear and non-linear

MATHCAD PLUS 6 FEATURES

presentation-quality output
* ‘Technical spell-checker

Collaboration
* World Wide Web link built in

IMatIu:ad

Statistics and Data Analysis
* Includes: Gaussian,
Binomial, Weibull,

Jare

b

p-aqﬂw

Mathcad e

MathSoft. Inc., 101 Main Street, Cambridge, MA 02142 USA * Phone: 617-577-1017

* Fax: 617-577-8829

MathSoft International, Knightway House, Park Street, Bagshot, Surrey GU19 5AQ UK Tel: +44(0) 1276 452299 ¢ Fax: +44(0)1276 451224
New Mathcad SE and PLUS 6are available for Windows NT, 3.1 and '95. Mathcad PLUS 6 now available for Macintosh. PLUS exclusively available at Egghead and Microcenter.
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COMPi=S
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Block-Error Detectors for Communication Lines
Patch panels are no longer needed.

Godaard Space Flight Center, Greenbelt, Maryland

Testing circuits have been custom-
made for use in troubleshooting on spe-
cialized digital communication lines. A
circuit of this type is called a “block-error
detector — 4 port” (“BED4P" for short). A
BED4P monitors the communications on
either side of a full duplex line on which
data are transmitted in 4,800-bit blocks
with 22 redundant bits for detection of
errors, and counts the number of blocks
in which it detects errors. Each BED4P
can accommodate as many as four of
the specialized full duplex lines.

Previously, the monitoring was per-
formed by use of testing circuits made
from commercially available transis-
tor/transistor-logic (TTL) integrated cir-
cuits. It was necessary to operate these

older testing circuits in conjunction with a
patch panel that, among other things,
attenuated the monitored signals by a
factor of 10. The patch panel added to
the cost of troubleshooting and -consti-
tuted another piece of equipment that
could fail. Furthermore, because of the
10:1 attenuation, one could not be
assured that the signals fed to the test
circuits gave true indications of the sig-
nals on the communication lines.

The BED4Ps are made from program-
mable logic devices (PLDs). They include
front-panel test points that make TTL-
level signals available for troubleshooting.
Front-panel controls enable the user to
select either side of a communication line
and to choose the direction of the timing

signal (with or against the data signal).

Whereas each of the older testing cir-
cuits contained about 40 of the TTL inte-
grated circuits, each BED4P contains only
about 16 integrated circuits. In addition,
the BED4Ps operate faster; they are
capable of working at rates up to 6.4
Mb/s. Yet another advantage is that the
PLD architecture is upwardly scalable;
that is, more PLD integrated circuits can
be incorporated to enhance performance.

This work was done by Clayton B.
Sigman and Howard C. Dew of
Goddard Space Flight Center. No fur-
ther documentation is available.
GSC-13569

Phase-Locking a Gyrotron Using a Quasi-Optical Circulator
This system is a prototype of high-power, coherent, millimeter-wave oscillators.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The figure illustrates schematically an
experiment in which a second-harmonic
gyrotron with an output frequency of
34.52 GHz and pulsed output power as
high as 100 kW was phase-locked by
injection of a stable, lower-power signal
via a quasi-optical circulator. Gyrotron
oscillators have been developed primarily
for use in electron-cyclotron-resonance
heating of plasmas, and thus far have not
been used much in other applications
because, in the absence of phase-lock-
ing, their outputs are incoherent. By
demonstrating coherent operation, the
present system is a prototype of a high-
power, coherent, millimeter-wave oscilla-
tor that could be used in radar and com-
munication systems.

It is necessary not only to phase-lock
the gyrotron to the stable, lower-power
signal source, but also to prevent injection
phase-locking of the lower-power signal
source by the output of the gyrotron. The
quasi-optical circulator is a beam-wave-
guide/circulator subsystem that provides
the input/output coupling to satisfy this
requirement; it allows the lower-power
phase-locking signal to be coupled into
the gyrotron, while isolating the gyrotron
output from the lower-power signal
source. (A conventional circulator cannot
be used in this system because the gyro-
tron output is delivered via an unconven-
tional oversized circular waveguide.)
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The gyrotron in this system is of type
GY-32, which features a complexly
shaped electron-beam/electromagnet-
ic-wave-interaction cavity that favors
second-harmonic operation and pro-
vides high mode selectivity, as needed
for efficient and stable operation with

injection phase locking. The source of
the phase-locking signal is a micro-
wave-signal generator of the frequency-
synthesizer type. The source signal is
fed to a 100-W traveling-wave-tube
amplifier (TWTA). The output of the
TWTA is fed through a conventional
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Isolator |~ o

|

|
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| Reflector
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|
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This Gyrotron-Oscillator System includes a quasi-optical circulator, which provides the input/out-
put isolation, mode conversion, and mode selectivity necessary for effective injection phase locking.
The waveguide isolator provides additional protection against phase locking of the source by the gyro-

tron.
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than 35 dB of isolation, then through a
smooth-wall dual-mode horn that pro-
vides a Gaussian beam for launching
into the quasi-optical isolator.

Upon entering the quasi-optical isola-
tor, the beam is reflected by a flat plate.
An ellipsoidal mirror focuses the reflect- |
ed beam and redirects the focused |
beam toward a polarizing grid of copper
strips on a disk of fused quartz. The
polarization of the beam at this point is
such that the beam is reflected by the
grid through a circulator, which consists
of a disk of ferrite material biased with a
1-kilogauss permanent magnet. The
disk produces a 45° Faraday rotation of
the microwave beam passing through it.

After emerging from the circulator
disk, the beam is focused and reflected
into a mode-converter assembly in the
form of concatenated sections of wave-
guide specially shaped with a curve, a
nonlinear taper, and ripples; this is nec-
essary for coupling of the phase-locking
signal with the selected second-har-
monic mode in the gyrotron. The gyro-
tron output follows the reverse path
back to the circulator disk, where it °
undergoes another 45° rotation, so that
its polarization becomes perpendicular Your brother.ln-law
to that of the injected beam. Because of
its polarization, the output beam passes lsn’t the on
out of the system through the polarizing
grid and is absorbed by a free-space

continuous sponge
In experiments, a small portion of the

gyrotron output power was received by

a horn antenna located near the free- ’ on the planet.

space load and was sent to the input
port of a balanced mixer, where it was ‘
combined with a sample of the injection
signal from a waveguide coupler located

at the TWTA output. The resulting mixer

waveguide isolator that provides more i
|
i

If you're looking for high-tech answers to your polymer seal and

output voltage, related to the instanta- gasket challenges, look to Lauren. Our continuous sponge profile
neous phase difference between the
output and injection signals, was fed and sheet extrusions of fluoroelastomers, fluorosilicones and
into a digitizing oscilloscope. The digi-
tized data were recorded by a computer silicones deliver the superior sealing characteristics of space-age

and stored for later analysis. The results
of the experiments showed that the
gyrotron oscillator had been successful-
ly phase-locked. The quasi-optical cir-

polymers for a fraction of the cost of their solid seal and gasket

culator, including the mode-converter counterparts. Why take a bath on your next project, when a little
assembly, was measured to have an
insertion loss of 1 dB and an isolation of sponge from Lauren will do just fine. Call us today for details. Ask
greater than 25 dB. The waveguide iso-
lator in the path of the low-power signal for a free copy of our latest video and new Designer’s Guide.

from the source was found to provide an
additional 35 dB of isolation, so that the
total isolation was found to be 60 dB.
This work was done by Daniel J. )
Hoppe of Caltech for NASA's Jet 44663 « 800-683-0676 * 330-339-3373 = Fax: 330-339-7166

Propulsion Laboratory. For further

zgrlrjgittiocnér ;m‘te in 48 on the TSP e @ @ @ e @

NPO-19584

LAUREN e 2228 Reiser Ave., S.E. « New Philadelphia, Ohio
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SL-GMS

SL-Graphical Modeling System

£l
Create sophisticated interfaces
with this brilliant dynamic
graphics engine embedded in
your application.

Builds and manages high precision,
interactive animated, interface screens
and connects your data sources for
visual control and display of real-time
applications.

SL-GMS is continually evolving and
improving to simplify developers’
increasingly complex needs. A pioneer in
object oriented design, before most users
had heard of it, SL-GMS now has pushed
into State Oriented programming. New
steps have been taken to further simplify
screen construction by adding a library of
useful pre-defined SL-GMS (screen) State-
Classes — a superb extension to Microsoft
Visual C++ and MFC Framework (or any
popular Motif GUI builder).

Nothing approaches the unprecedented
performance and flexibility of SL-GMS in
creating animated control and display
screens for:

* Process Control * Network Monitoring
* Energy Management  *Telecommunications
* Command and Control *Traffic Management

Under Windows NT, SL-GMS is integrated
with OLE as an OCX.

Provides PRINT and/or HTML modes for
printed output or automated web-page
generation.

SL-GMS supports Unix (and X/Motif)

on SUN, HP, IBM, MIPS, DEC (VAX/Alpha,
OpenVMS/OSF). Intel: Windows NT
(MFC, OLE, OCX), 08/2, SCO, QNX.
Code generation for SGI GL output.

Basic license price $12,500. Significant
discounts depending on quantity and
OEM status of purchaser.

1-415/927-1724
1-415/927-2931 FAX
Since 1984
SL Corporation
Suite 110 Hunt Plaza
240 Tamal Vista Blvd.
Corte Madera , CA 94925

Sherrill-Lubinski

© 1996 Sherrill-Lubinski Corporation
All trademarks and registered trademarks
mentioned are property of their respective companies.
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Dynamic Braking and Differential

Coupling of dc Servomotors
When one,motor fails, the other can still drive the load.

Godaard Space Flight Center, Greenbelt, Maryland

The figure illustrates aspects of a
redundant drive that includes two dc ser-
vomotors coupled to a load via a differ-
ential gearbox. As explained below,
when one of the motors loses drive
power, it functions as a dynamic brake. If
the other motor continues to function,
then the dynamic braking resists back
driving of the failed motor by the func-
tional motor, enabling the functional
motor to continue driving the load via the
differential, albeit at reduced speed and
available torque.

Each motor is equipped with relay
switches that can be set to connect two
of three winding terminals to either (1) the
corresponding terminals of the motor-

drive circuit or (2) the third winding termi-
nal in a short-circuit configuration. When
the motor-drive circuitry is cperating cor-
rectly, the diodes shown in the figure
route current through the relay coil, caus-
ing the relay switches to connect the
windings to the motor-drive terminals of
the drive circuit. When the drive circuit
fails for any reason and drive power is no
longer supplied, the relay switches close,
short-circuiting the windings; this action
converts the motor to a dynamic brake.

This work was done by Craig Tooley
and Joanne Baker of Goddard Space
Flight Center. For further information,
write in 35 on the TSP Request Card.
GSC-13695
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Power-Off Position
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Both Motors Drive the Load via the differential gearbox in nominal operation. Either motor
becomes a dynamic brake when it loses power, in which case the other motor continues to drive

the load at reduced power.

Making Catalysts and Electrodes for
Liquid-Feed Fuel Cells

Several recent developments are brought together.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Improved catalyst materials and elec-
trode structures for liquid-feed, direct-
oxidation fuel cells, and techniques for
manufacturing them have been devel-
oped in recent years. Selected aspects
of some of these materials, structures,
and techniques at earlier stages of their
evolution were reported in a number of
prior articles in NASA Tech Briefs.
Some of these developments have
been brought together to synthesize a

www.nasatech.com

design concept and process for manu-
facturing improved fuel liquid-feed,
direct-oxidation fuel cells that consume
methanol and other water-soluble oxy-
genated organic compounds.

The direct electro-oxidation of water-
soluble oxygenated organic com-
pounds in such fuel cells is determined
by the activity levels of electrocatalysts
and the designs of electrodes and
membrane/electrode structures. Three

NASA Tech Briefs, October 1996



main considerations arise in the devel-
opment of such a cell:

1. Of the catalyst materials known,
the one that exhibits the highest per-
formance in this regard is an alloy of
platinum and ruthenium. The activity
of a Pt/Ru catalyst depends largely
on its surface composition and sur-
face area. Therefore, it is desirable to
enhance the surface composition and
surface area of the catalyst.
2. Experiments have shown that
feeding methanol in liquid form (dis-
solved in water) offers performance
superior to that obtained when feed-
ing methanol in vapor form. A liquid-
feed design requires special wettabil-
ity characteristics, which can be
achieved by fabricating electrode
structures with suitable proportions
of hydrophobic and hydrophilic con-
stituents.

3. Electrodes must be integrated with

a proton-conducting membrane to

form a membrane/electrode struc-

ture. The conditions for the fabrica-
tion of this structure are critical to the
performance of the cell.

The preparation of a Pt/Ru catalyst of
the desired surface composition and
surface area begins with mixing of
chloroplatinic acid and potassium
pentachloroaquoruthehium(lll) salts in a
large excess of hydrochloric acid. The
resulting solution is neutralized with a
large excess of sodium carbonate,
yielding particles composed of hydrox-
ides of Pt and Ru dispersed in large
amounts of sodium chloride and sodi-
um carbonate. The hydroxide particles
are reduced to metal in a hydrogen
atmosphere at a temperature of 225 °C;
the dispersal of the particle prevents
sintering of them during this reduction
treatment. The mixture is then washed
in deionized water to dissolve the sodi-
um compounds, leaving behind insolu-
ble Ru/Pt particles that are micron-
sized and remain suspended in the
water. The particles are removed from
the water by centrifugation and dried to
obtain the catalyst in powder form.

To make an ink to coat the surfaces of
the electrodes, the Pt/Ru powder is dis-
persed into a solution that contains dis-
solved Nafion™, which is a perfluoro-
sulfonic acid-based hydrophilic, proton-
conducting ion-exchange polymer that
exhibits relatively high thermal and elec-
trochemical stability. A lower degree of
wettability is needed on the cathode; to
reduce the wettability, a dilute suspen-
sion of polytetrafiuoroethylene particles
in water is added to the ink to be used
on the cathode. The appropriate ink is
then spread on a piece of carbon-fiber
paper impregnated with Nafion™ and

NASA Tech Briefs, October 1996

polytetrafluoroethylene to form each
electrode. To form a unitary electrode/
membrane structure, the electrode
papers are pressed together with a
Nafion™ membrane at a pressure of
1,250 psi (8.6 MPa), with a temperature
schedule that includes a maximum
of 146 °C.

This work was done by Sekharipuram
Narayanan, Subbarao Surampudi,
Harvey A. Frank, and Gerald Halpert of
Caltech for NASA's Jet Propulsion
Laboratory. For further information,
write in 52 on the TSP Request Card.

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

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19893, volume and
number of this NASA Tech Briefs issue,
and the page number.
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S

Electronic Systems

Silent Systems Would Augment Emergency-Vehicle Sirens
Marshall Space Flight Center, Alabama

Tests of a prototype have demon-
strated the feasibility of proposed radio-
communication systems that would
warn drivers of approaching trains, fire
trucks, ambulances, police cars, and
other fast-moving vehicles operating in
emergency modes. These systems
would supplement the warnings pro-
vided by sirens, horns, bells, and whis-
tles, which deaf drivers cannot hear
and, which drivers with partially
impaired or normal hearing also some-
times do not hear. A transmitter in an
emergency vehicle would automatically

be activated when the vehicle went into
the emergency mode; the transmitter
would continuously transmit a signal
indicative of the type of emergency
vehicle. In the case of trains, the trans-
mitter would be active at all times. A
receiver in each of the other vehicles
participating in the system would be
turned on by the ignition switch; it
would decode the signal transmitted by
the emergency vehicle. The receiver
would also estimate the distance
between the two vehicles from the
strength of the received signal. The

information on the type of emergency
vehicle and distance would be dis-
played by use of light-emitting diodes.
Optionally, the signal transmitted by the
emergency vehicle could be used to
switch traffic lights to give that vehicle
the right of way.

This work was done by James R.
Currie, J. Dwight England, and Phylliss
A. Smith of Marshall Space Flight
Center. For further information, write
in 31 on the TSP Request Card. MFS-
31069.

Parallel Cancellation of Interference in CDMA

Communication

The complexity of equipment would hardly exceed that of a conventional CDMA receiver.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A practical interference-cancellation
scheme has been proposed to improve
the performance of a receiver in a code-
division multiple-access (CDMA) com-
munication system carrying digital data
encoded in pseudonoise signals via
binary-phase-shift-keying (BPSK) mod-
ulation. In the proposed scheme, paral-
lel processing would be used to simulta-
neously remove, from each user, an esti-
mate of the total interference produced
by the other users — each user receiv-
ing equal treatment in this respect.

In reducing the extent to which inter-
ference among multiple users degrades
performance, the proposed scheme
would increase the capacity of the sys-
tem in the sense that it would increase
the number of users that the system
could accommodate simultaneously at
a given level of performance. The
increase in capacity would approach
that of an older interference-cancellation
scheme based on a maximume-likelihood
algorithm. However, whereas the com-
plexity of equipment needed to imple-
ment the older scheme increases expo-
nentially with the number of users, the
complexity of equipment needed to
implement the proposed scheme would
increase linearly with the number of
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users; in other words, the complexity of
the equipment would hardly exceed that
of a conventional CDMA multiuser
receiver that lacks interference-cancel-
ing capability.

Figure 1 schematically illustrates an
M-user CDMA receiver with one stage
of interference-cancellation parallel pro-
cessing according to the proposed

scheme (more such stages could be
added to improve performance). In a
separate channel dedicated to each
user, an attempt would be made to
demodulate the received signal, taking
account of the user's known pseudo-
noise code. The demodulated signal
(which should nominally be a binary
waveform in the absence of noise and

Notes: 1 ¢, Genctes relative phase of the Ah camer sgnat
2 i, denotes the carmer angular frequency
it 2 1 denctes Sme.

Figure 1. This M-User CDMA Receiver, shown here in complex baseband representation,
would include one stage of interference-cancellation parallel processing. More such stages

could be added to improve performance.
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interference) would be fed to a circuit
that would render a tentative decision as
to whether the demodulated signal
momentarily represented a O or a 1.

This circuit, labeled “tentative-deci-
sion device” in Figure 1, could be a hard
limiter (@ one-bit quantizer), a linear-
response circuit (equivalently, a digitizer
or quantizer with an infinite number of
bits), or a soft quantizer (e.g., a quantiz-
er with hyperbolic-tangent nonlinearity,
intermediate between linearity and hard
limiting). In addition, each tentative-
decision device could be preceded by a
linear-response circuit with a null (zero-
response) zone centered at the origin;
the null zones could eliminate attempts
to cancel interference when the fidelity
of the tentative decisions is poor, i.e., it
is better not to cancel the interference
at all than to increase it as a result of
erroneous tentative decisions.

In the case of convolutionally coded
modulation, there would be essentially
two options regarding the tentative
decisions made for each user in the
presence of the total interference. In
one option, the decisions would be
made while ignoring the fact that each
user’s data are encoded (that is, treat-
ing the symbol stream as though it
were uncoded). These symbol-by-
symbol decisions would then be
respread and remodulated directly

10.0
o Without
I Interference
%. 75 /Cancellation
Pl
§ 5.0 —
[ With Proposed
’g = Interference
= Cancellation
g a5l \
e u_-q-mﬂ/mu
0

25 50 75 100
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Figure 2. The Performance of a CDMA Re-
ceiver with interference cancellation accord-
ing to the proposed scheme would substan-
tially exceed that of the same receiver with-
out interference cancellation.

onto the carrier of each user. This
would be the simplest of the two
options in that only one symbol or bit
period T, would be needed to make
the decisions.

In the other option, one would treat
each incoming user data stream as a
coded symbol stream and make the
tentative decisions by use of a convolu-
tional decoder (with soft or hard deci-
sion). The resulting bit stream would be
reencoded before respreading and
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remodulation onto the carrier. This
option would yield better performance,
but would entail a delay proportional to
the size of a buffer memory in the
decoder. The nature of the final-deci-
sion device shown in Figure 1 would
depend on whether the underlying data
were uncoded or coded: If the data
were not coded, the final-decision
device would be a hard limiter; when
the data were coded, the final-decision
device would be a decoder.

One final note of explanation pertains
to the choice between the alternative
amplification paths with gain coeffi-
cients B, and B, indicated in Figure 1.
A nonzero value of either B, or B
implies the existence of a “leakage”
path in the sense that the interference-
cancellation would include a portion of
the output from the user of interest.
The motivation for allowing such a leak-
age path stems from steepest-
descent-gradient considerations. The
choice between B, and B’y depends on
whether the leakage signal was derived
from the user's unquantized or quan-
tized integrate-and-dump output.

It is common practice to quantify the
performance of a CDMA system in
terms of a degradation factor as a func-
tion of M; the degradation factor is
defined as the increase in the decibel
level of the bit signal-to-noise ratio
needed to achieve the same level of
performance (same bit-error rate) with
M users as with only one user. Figure 2
shows a plot of the degradation factor
from a computer simulation for a CDMA
system using a bit-error rate of 0.01
and a processing gain of 100, with and
without the proposed interference-can-
cellation scheme. Clearly, the number of
users with interference cancellation
could be increased substantially before
performance would become degraded
to the same extent as without interfer-
ence cancellation.

This work was done by Dariush
Divsalar and Marvin K. Simon of Caltech
for NASA’s Jet Propulsion Labora-
tory. For further information, write in 41
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:

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19497, volume and
number of this NASA Tech Briefs issue,
and the page number.
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A VME-Based Architecture for Parallel Computing
Marshall Space Flight Center, Alabama

VME-PARALLEL is an architecture for
parallel computing that has been proposed
as a cost-effective, scalable alternative to
the shared-memory, shared-bus architec-
ture and the multicomputer, distributed-
memory architecture. As its name implies,
the VME-PARALLEL concept is based on
the VersaModule Eurocard bus (VMEbus).
In a VME-PARALLEL system, off-the-shelf
multiple VMEDbus single-board processors
would be mounted in one or more VME
chassis called a “processing chassis”; the
processors in each chassis would be inter-
connected by a VME backplane or back-
planes. Each processor in each chassis
would also be connected to other proces-

sors in the same and/or different chassis by
direct communication links via custom-
made link circuit boards — one such board
for each processor, residing in the process-
ing chassis alongside the processor board.
In addition, an interconnection box con-
taining a patch panel or similar device
would be needed to complete the links
between processors in the same and/or
different processing chassis. Each sepa-
rate processing chassis could remain an
independent VMEbus, or one VMEbus
could be logically extended to include all
the processing chassis by use of a VME-
to-VME link. Processors could be added,
as needed, to solve large computing prob-

lems. The estimated speed with which a
VME-PARALLEL system could transfer
data between processors exceeds that of
a comparable shared-memory, shared-bus
system. A preliminary cost analysis sug-
gests that VME-PARALLEL systems would
be cost-effective.

This work was done by Kenneth G.
Ricks and John M. Weir of Marshall
Space Flight Center. For further informa-
tion, write in 25 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel, Marshall
Space Flight Center; (205) 544-0021.
Refer to MFS-31098.

Parallel Digital Demodulators Using Multirate Filter Banks
Signals would be divided into parts that would be processed at low rates.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The parallel receiver (PRX) architecture
has been proposed as the basis of a type
of digital demodulator for the reception of
multiple-gigahertz radio signals carrying
digital information (symbols) at rates as
high as hundreds of megabits per second.
The PRX architecture involves the use of
multirate digital filter banks to demodulate,
track, and detect received symbol
streams. This architecture is well-suited to
implementation in relatively inexpensive,
high-density, low-power complementary
metal oxide/semiconductor (CMOS) very-
large-scale integrated circuits.

The frequency responses of digital inte-
grated circuits of the types currently avail-
able for processing the signals in question
impose an upper limit of about 50
megabits per second on the data rates
achievable in digital receivers of older
design. The PRX architecture would pro-
vide the desired high data rates despite the
limited frequency responses of digital sig-
nal-processing circuits: It would do this by
effectively dividing the spectrum of the
incoming sampled, digitized signal into
components in each of M frequency sub-
bands. [The concept of processing signals
in subbands by use of multiple digital fitters
was also described in “Parallel Digital
Phase-Locked Loops” (NPO-19044)
NASA Tech Briefs, Vol. 19, No. 6 (June,
1995), page 52.] The processing rate in
each subband would be less than either
the symbol rate or the Nyquist sampling
rate; by suitable choice of M, the process-
ing rate could be made low enough so as
not to exceed the speed limit of the avail-
NASA Tech Briefs, October 1996

An all-digital receiver performs demodu-
lation, matched filtering, synchronization
with the carrier signal, and recovery of sym-
bol timing. The upper part of the figure
shows the major functional blocks of a typ-
ical digital receiver of older design. The input
signal x(t) (where t denotes time) is band-
pass sampled and converted to a discrete
time sequence by an analog-to-digital (A/D)
converter with a uniform sampling period of
Ts. The output of the matched filter in this
receiver is the estimated symbol sequence
(complex or real). The rate of processing in
the digital signal-processing functional
blocks following the A/D converter is the
minimum useful processing rate of 1/27s.

The PRX architecture, illustrated in the
lower part of the figure, can be regarded
as a parallelized version of the older archi-
tecture shown in the upper part of the fig-

ure. The input signal would be parallelized
into 2M paths (two paths for each fre-
quency subband). The signal component
in each subband would be decimated by
M and processed by the digital filtering cir-
cuitry at a rate of 1/MTs. The signal would
be filtered by an analysis-and-synthesis fil-
ter bank based on discrete Fourier trans-
forms (DFTs) augmented with the parallel
equivalent of the matched-filtering opera-
tion of the older receiver architecture. The
outputs from the M subband channels
would be the detected symbols and
would be recombined into a single stream
of symbols by a demultiplexer.

This work was done by Ramin Sadr,
Sami Hinedi, and Dan Raphaeli of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, write in 99 on the
TSP Request Card. NPO-19620

DFT: Discrete-Fourier-
Transform Processor

IDFT: Inverse-Discrete-
Fourier-Transform Processor

A PRX Demodulator would process part of the signal spectrum in each of M subbands in a par-
allelized version of a typical older digital receiver. The processing in each band would be performed

at 1/M of the full sampling rate.
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@ Physical Sciences

Simulating EOS MISR Data

Synthetic radiometric data aid the development of the ground data-processing system.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The MISRSIM computer program syn-
thesizes an approximate version of the
measurement data to be acquired by the
Multi-angle Imaging Spectro-Radiometer
(MISR), which is scheduled to be launched
into polar orbit aboard The Earth
Observing System AM1 satellite in June
1998. MISRSIM is used to test the perfor-
mances of computer-simulated proto-
types of the MISR ground data-processing
system. MISRSIM is needed because no
existing instrument provides measurement
data that resemble the MISR data closely
enough.

The MISR contains nine cameras at
fixed viewing angles; one pointed at the
nadir, the others pointed at angles of
26.1°, 45.6°, 60.0°, and 70.5° fore and aft
along the ground track of the satellite. The
focal plane of each camera is occupied by
four linear arrays of charge-coupled-
device photodetectors (CCDs). These
arrays are oriented perpendicular to the
satellite ground track. Each array contains
1,504 photoactive and 16 light-shielded
pixels. Each array is preceded by a band-
pass fitter with a different nominal wave-
length; the wavelengths are 443, 555,
670, and 865 nm. Utilizing the motion
along the ground track to scan in push-
broom fashion, the cameras thus produce
image data from multiple look angles and
in multiple spectral bands.

The ground data-processing task is to
combine the MISR outputs into compre-
hensive multispectral, multiple-look-angle
imagery, ensuring accurate geographic
coordinates, registration with digital eleva-
tion models (DEMs) used for topographical
corrections, and coregistration of imagery
of the same target acquired on multiple
orbits. This task requires much geometric
processing, including (1) early calibration
by correlation of selected MISR imagery
with high-resolution, geolocated non-
EOS data, (2) the use of calibration data
to establish MISR reference images, and
(3) standard geometric processing of
newly acquired data, using the reference
images as secondary calibration stan-
dards with which the newly acquired
imagery is registered by a combination of
back-projection, image-point-intersection
techniques, and limited image matching
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Ray Casting (in this case meaning projection of lines of sight to their intersections with the
terrain) is used in generating views from the perspectives of the MISR cameras.

via brightness-correlation techniques.
MISRSIM provides the data needed to
test all of the elements of this geometric
processing.

The input radiance data for MISRSIM
are obtained from Landsat Thematic
Mapper scenes. These data are modified
for the instantaneous simulated MISR
viewing angles and coordinates as deter-
mined from the known characteristics of
orbits and spacecraft pointing.

To model the topographical effects of
imaging the Earth at the extreme MISR
viewing angles, MISRSIM incorporates a
modified version of terrain-rendering soft-
ware that has been used previously in
simulating flights over the terrain of
California and the planet Venus. As used
here, “terrain rendering” means mapping
of image data onto DEMSs to produce a
three-dimensional simulation of the terrain
surface. The terrain-rendering software
uses a ray-casting algorithm, in which a

www.nasatech.com

given view is calculated from a given point
in space (an eye point) relative to the ter-
rain (see figure). The field of view and
aspect ratio define a view plane, perpen-
dicular to the line of sight, that represents
the image to be computed. In the original
version of the terrain-rendering software,
the view plane was a finite rectangular
plane like the one that would be imaged
in an ordinary (frame) camera. For MISR-
SIM, the terrain-rendering software has
been modified so that the view plane rep-
resents what is seen by a linear array of
CCDs. The radiances of the view planes
as observed by the corresponding CCDs
are converted into simulated raw output
data by use of the known optical and
electrical characteristics of the MISR.

This work was done by Scott A.
Lewicki of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 79 on the TSP
Request Card. NPO-19443
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X-Ray Fluorescence Alloy- and Sulfur-Analysis Programs
John F. Kennedy Space Center, Florida

The Alloyscan and Sulfurscan comput-
er programs enable quantitative analysis
of alloy compositions and sulfur contents
from x-ray-fluorescence measurements.
Both programs implement a standard-
matching routine, which derives concen-
trations through comparisons with
known standards. A previous program
does not provide the standard-matching
option for quantitation, and it requires

more time to perform the same analyses.
The Alloyscan program enables the user
to find a standard alloy that most closely
matches the composition of the alloy
represented by the x-ray-fluorescence
data, and it provides three closest-
matching standards for three groups of
elements. The specificity of Sulfurscan
reduces the time needed for analysis and
manipulation of data.

This work was done by John A. W.
Harkless of Morehouse College for
Kennedy Space Center. For further
information, write in 55 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) 867-2544.
Refer to KSC-117686.

Extracting Hydrocarbon Contaminants
With Supercritical CO,

The amount of solvent needed to sample contaminants is reduced sharply.
Marshall Space Flight Center, Alabama

An improved process for sampling
hydrocarbon grease and oil contami-
nants on a surface includes the following
steps:

1. The surface is wiped with a clean
towel made of a non-hydrocarbon-based
polytetrafluoroethylene (PTFE) cloth.

2. The contaminants are extracted from
the towel and concentrated by the
Soxhlet technigue, using CO, at supercrit-
ical temperature and pressure as the sol-
vent.

3. The concentrated contaminants are
dissolved in about typically 5 mL of an
organic solvent for analysis by Fourier-
transform infrared (FTIR) spectroscopy.

The improved process replaces an
older contaminant-sampling process that
also included wiping, Soxhlet extraction,
and FTIR spectroscopy. The towels used
in the older process were made, variously,
of nylon or polyester fabrics. These fabrics
contain some plasticizers and sizing
agents, which can be extracted along with
the contaminants and can thus give rise to
spurious FTIR spectroscopic readings
that interfere with readings of contami-
nants. Moreover, the older process includ-
ed an additional preparatory step of
Soxhlet extraction to remove any hydro-
carbon residue from manufacture of the
towels.

In the older process, a volatile chlorinat-
ed organic liquid (typically CCl,) was used
as the solvent, and the amount used was
much larger (typically 205 mL) than that of
the organic solvent used in the improved
process. Concerns over toxicity and dam-
age to the environment have led to legal
restrictions on the use of organic sol-
vents. In contrast, the CO, used as the
major solvent in the improved process is
environmentally benign and nontoxic.
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The PTFE towels used in the improved
process, as manufactured, do not con-
tain extractable residues that could inter-
fere with infrared analysis. A commercial
high-pressure Soxhlet extraction appara-
tus is used in this process. The appara-
tus includes a glass Soxhlet extractor,
wherein a towel is placed after wiping a
contaminated surface. The glass Soxhlet
extractor is then sealed into a metal pres-
sure vessel; this is necessary to make it
possible to hold CO, at supercritical
pressure, thus making it possible to
maintain the CO; in the liquid state in a
chamber within the extractor that con-
tains the towel (see figure). Liquid carbon
dioxide is added to the interior of the
extractor through a purifier and pressure

valves, and the interior pressure is built up
to about 850 psi (5.9 MPa).

The bottom of the pressure vessel is
immersed in a water bath that is heated to
a temperature between 40 and 45 °C; this
causes boiling of the CO, at the bottom.
At the same time, a condenser at the top
of the extractor is cooled to O °C by ice
water; CO, vapor that has risen from the
bottom condenses and drips into the
chamber that contains the contaminated
towel. There, the liquid CO, dissolves the
contaminants. When the amount of con-
densate CO; rises to a level above that of
a siphon tube, it flows to a collection flask
at the bottom, carrying dissolved contam-
inants with it. When the liquid CO; in the
collection flask boils along with the sur-

rounding liquid CO,, the contaminants
remain in the flask while the CO., refluxes
to the condenser at the top. The cycle is
then repeated until all of the contaminants
have been removed from the towel. The
apparatus is then disassembled and the
contaminants are dissolved and analyzed
as described above.

This work was done by Larry E. Hill of
Rockwell International Corp. for Mar-
shall Space Flight Center. For further
information, write in 45 on the TSP
Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel,
Marshall Space Flight Center; (205) 544-
0021. Refer to MFS-30118.

Using Ozone To Sterilize a Rinse Tank
Marshall Space Flight Center, Alabama

Ozone is used to sterilize a tank that
holds deionized rinse water. The tank is
open to the atmosphere and thus pro-
vides ample opportunity for the growth of
microbes in the water. In the absence of
sterilization, such growth produces a
black deposit of bacteria, slime, fungus,
and cellulose fiber around the inner wall
of the tank within a few days. Eventually,
the chips of the deposit can come loose
from the tank wall and become trapped

in inaccessible places in the equipment
rinsed in the tank. Thus, it becomes
necessary to take the tank out of service
every few days to scrub it clean. Utilizing
the established technique of sterilization
by ozone to reduce the frequency of
scrubbing and the time out of service,
the rinse plumbing was modified so that
a pump now circulates the water
between the tank and a chamber that
houses a commercial ozone generator.

The ozone destroys bacteria in the
water, thus inhibiting the growth of the
deposit. The optimal frequency and
duration of exposure of the water to
ozone has not yet been determined.

This work was done by Benjamina G.
Montoya of Rockwell International Corp.
for Marshall Space Flight Center. No
further documentation is available.
MFS-30116

Infrared Water-Film Monitor for Hydroponic System
John F. Kennedy Space Center, Florida

A prototype instrument measures the
thickness of a film of water on a nutrient-
supply tube in a hydroponic system. The
instrument includes an incandescent
lamp as a source of infrared light, plus a
lead sulfide infrared photodetector,
which measures the portion of light
reflected from the water film. The
amount of infrared light absorbed
increases (and thus the amount reflected
decreases) with the thickness of the
water film. In initial experiments, it was
found that to enable resolution of the

thickness of the film in the thickness
range of interest, it was necessary to
add electronic offsets and extra gain in
the circuits that process the photodetec-
tor output signals. The heat produced by
the instrument was found to cause drift
in its readings. Shielding and addition of
a compensating reference detector
reduced the drift. The addition of a 2.5-
um long-wavelength-pass filter helped to
reduce interference from shorter-wave-
length radiation.

This work was done by J. David Collins

and Ronald C. Fox of Kennedy Space
Center; Robert C. Youngquist, John S.
Moerk, William D. Haskell, and Robert
B. Cox of I|-Net; and Kenneth F.
Anderson, Carol W. Carlson, and
Howard W. Wells of The Bionetics Corp.
For further information, write in 3 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) 867-2544.
Refer to KSC-11716.

Using Sodium Chloride Windows

To Sample Surface Contaminants
Marshall Space Flight Center, Alabama

Preliminary experiments have demon-
strated the feasibility of using sodium
chloride windows to sample organic con-
taminants on solid surfaces. This method
of sampling was conceived as an alter-
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native to sampling with cotton swabs fol-
lowed by extraction of the sampled con-
taminants from the swabs by use of car-
bon tetrachloride. In the present method,
a disk of sodium chloride made for use

www.nasatech.com

as an infrared-transmission window is
removed from its protective package and
placed in contact with the surface to be
inspected. The disk absorbs some of the
contaminants directly from the surface.
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The sample of contaminants is then ana-
lyzed directly by Fourier-transform
infrared spectroscopy; there is no need
for such intermediate steps as extraction

of the sample by a solvent.

This work was done by Susan M.
Stern and Larry E. Hill of Rockwell
International Corp. for Marshall Space

Flight Center. For further information,
write in 54 on the TSP Request Card.
MFS-30087

Light Source for Testing Hydrogen-Fire Detectors

A portable unit emits radiation like that of hydrogen burning in air.

Stennis Space Center, Mississippi

A portable, battery-powered hydro-
gen-fire-simulating device produces both
ultraviolet and infrared light. It is designed
to serve as a stimulus in tests of muilti-
spectral hydrogen-fire detectors. Its out-
put radiation imitates, both temporally
and spectrally, the emissions characteris-
tic of a hydrogen fire in air — at least to
the extent needed to trigger a properly
functioning detector.

A multispectral hydrogen-fire detector

senses ultraviolet emission concurrently
with temporally varying infrared emission.
Accordingly, the hydrogen-fire simulator
contains a portable ultraviolet lamp simi-
lar to that in an ultraviolet-only flashlight,
plus a quartz/halogen lamp, which is
chosen because its hot tungsten filament
produces a strong near-infrared spectral
component and its quartz envelope
transmits that component efficiently. (A
fused-silica protective window on the

detector is also transparent in this spec-
tral range.) The current applied to the
quartz/halogen lamp is modulated to
vary the intensity of the infrared emission
and thereby imitate the flicker of a hydro-
gen flame.

This work was done by Daniel Olive of
Sverdrup Technology, Inc., for Stennis
Space Center. For further information,
write in 93 on the TSP Request Card.
SSC-00025

Capacitive Differential-Pressure Gauge for High Temperature
The gauge is made largely of quartz.
Lewis Research Center, Cleveland, Ohio

The figure shows a prototype of a
capacitive diaphragm-type gauge for
measuring differential pressures as small
as a few millitorr (1 millitorr = 0.13 Pa) at
temperatures up to 750 °C. Both the
gauge housing and the sensory
diaphragm are made of quartz. The
choice of quartz for the diaphragm is dic-
tated by the fact that quartz is the only
material known to retain adequate elastic-
ity at the maximum temperature.

To form conductive patches to serve as
electrodes on the diaphragm and on the
housing surfaces facing the diaphragm,
gold paint was deposited on these areas
and baked. Hermetic seals for the wires to
the electrodes were formed by fusing the
quartz housing material around the wires
at the feedthrough points in the manner of
standard halogen-lamp terminations. The
design thickness of the diaphragm was
0.003 in. (0.08 mm). A highly skilled glass
blower made the diaphragm as thin as
possible; the estimated thickness varied
with radial position, ranging from 0.003 to
0.010 in. (0.08 to 0.25 mm).

The development of the gauge was ter-
minated before its low-pressure response
could be optimized and before a test could
be conducted at high temperature. How-
ever, a test at room temperature showed
that the response of the gauge was linear
and repeatable at differential pressures up
to 25 in. of H,O [47 torr (6.2 kPa)].
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Edge Seal
for Diaphragm

This Prototype Gauge includes a quartz housing and hermetically sealed electrical feed-

throughs similar to those of halogen lamps.

This work was done by V. Hruby of
Busek Co., Inc., and G. Finkenbeiner of G.
Finkenbeiner, Inc., for Lewis Research
Center. For further information, write in
46 on the TSP Request Card.

www.nasatech.com

Inquiries concemning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel, Lewis
Research Center; (216) 433-2320. Refer
to LEW-15928.
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Ohmic Heating of

Copper-Coated Graphite Fibers

Wetting and dewetting behavior of this and other
metal-matrix/fiber combinations can be determined.

Lewis Research Center, Cleveland, Ohio

A simple ohmic-heating test provides
information on the wetting and dewetting
behaviors of copper coatings on graphite
fibers at and near the melting tempera-
ture of copper (1,356 K). The test was
devised as a means for rapid screening
and comparison of various bonding lay-
ers that are used to increase adhesion
between the fibers and matrices in
graphite-fiber/copper-matrix composite
materials. The test can be applied to
other coated fibers that are candidates
for development into metal-matrix/fiber
composites.

In some respects, the test resembles
early experiments on incandescent fila-
ments for light bulbs. A fiber or a thin
bundle of fibers is examined, then its
ends are connected to electrical contacts
and mounted in a vacuum chamber
equipped with an observation window.
Once the chamber has been evacuated,
a controlled dc current (typically < 5 A
per fiber at < 20 V) is passed through the
fiber or bundle to heat it to near the melt-
ing temperature of copper. Because the
electrical contacts act as heat sinks, the
hottest part of the fiber or bundle lies at
its midlength. Therefore, the temperature

is measured at the midlength position; in
initial experiments, this was done by use
of a long-focal-length optical pyrometer
of the “disappearing filament” type.

As the fiber or bundle approaches the
melting temperature, the experimenter
can watch for any visible changes in the
metal coating. Afterward, the fiber or
bundle is allowed to cool, removed from
the chamber, and examined. In the initial
experiments, the examination was con-
ducted with a scanning electron micro-
scope equipped with an energy-disper-
sive x-ray spectrometer. The results of
this postheating examination are com-
pared with those of the pre-heating
examination to identify changes indica-
tive of wetting or dewetting (see figure)
and of degradation of bonding coats.

This work was done by Phillip B. Abel
of Lewis Research Center. For further
information, write in 76 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16224.

LHI[” MD‘-'\.'

Dewetting of a Graphite Fiber by molten copper is clearly indicated by the pulling back of the
copper surface film into a bead. There was no bonding coat between the graphite and the cop-
per. This behavior is typical of the lack of adhesion between molten copper and bare graphite.
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Regenerative
Single-Unit
Fuel Cells

A single unit can be used as
a fuel cell or electrolysis cell,
as needed.

Lewis Research Center,
Cleveland, Ohio

Prototypes of a class of efficient sin-
gle-unit regenerative fuel cells have
been built and tested. These proto-
types feature solid ionomer alkaline
membranes. The development of
these prototypes is important because
single-unit regenerative fuel cells can
serve as either fuel cells or electrolysis
cells, and therefore may become key
components of future electric-power-
generating/energy-storage systems.
Potentially, the use of single-unit
regenerative fuel cells (as compared
with the use of electrolysis cells sepa-
rate from fuel cells) could increase the
energy densities of such systems.

Although the alkaline-electrolyte and
proton-exchange-membrane fuel-cell
and electrolyzer technologies are well-
developed, single-unit regenerative
fuel cells based on either technology
have not been practical heretofore.
This has been due primarily to a lack
of stable, efficient, high-performance
bifunctional oxygen electrodes. Fur-
thermore, single-unit regenerative fuel
cells based on either technology
would perform poorly in at least one
mode: an alkaline-electrolyte unit
would perform better as a fuel cell
than as an electrolyzer; a proton-
exchange-membrane unit would per-
form better as an electrolyzer than as
a fuel cell.

Accordingly, the present single-unit
regenerative fuel cells combine the
best features of alkaline-electrolyte
technology with those of proton-
exchange-membrane technology. One
of the prototype cells contains a plat-
inum black hydrogen electrode and a
dual-layer oxygen electrode on an RAl
R-4030™ anion-exchange membrane.
The inner layer of the dual-layer oxy-
gen electrode is in intimate contact
with the membrane; this layer com-
prises an advanced oxygen catalyst
made of platinum plus oxides of an
alloy of noble metals (Pt/NMOx) and is
imbued with a liquid anionic ionomer
to achieve the most efficient perfor-
mance. The outer layer is in intimate
contact with the inner layer; this outer
layer consists of platinum black doped
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The Performances of the Cells were measured in operation in the fuel-cell and electrolyzer

modes at a temperature of 40°C.

with sufficient polytetrafluoroethylene
to render the electrode hydrophobic.

To obtain baseline data, a similar cell
was constructed with a single-layer
platinum black oxygen electrode
instead of the complex dual-layer oxy-
gen electrode. For further comparison,
two additional prototype cells were
made with Nafion 117™ cation-
exchange membranes instead of RAl
R-4030™ anion-exchange mem-
branes. One of these additional cells
contains a Pt/NMO, oxygen catalyst
imbued with a liquid cationic ionomer
instead of the liquid anionic monomer;
the other contains a standard platinum
black oxygen catalyst.

The figures show the measured per-
formances of the cells. The round-trip

NASA Tech Biriefs, October 1996

efficiency of the first-mentioned cell at
a current density of 40 mA/cm’ was
found to be 54 percent, which is quite
high for the operating temperature of
40 °C. Higher efficiencies are expect-
ed at higher operating temperatures.

This work was done by John A.
Kosek, Cecelia C. Cropley, and
Anthony B. LaConti of Giner, Inc., for
Lewis Research Center. For further
information, write in 90 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention
should be addressed to the Patent
Counsel, Lewis Research Center;
(216) 433-2320. Refer to LEW-15647.
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Simulating Thermomechanical Fatigue in an IMC
An evolving computer program has been upgraded to account for additional effects.
Lewis Research Center, Cleveland, Ohio

Recent work has been directed toward
improving the METCAN computer code,
which has been developed for computa-
tional simulation of stresses, strains, and
fatigue in metal-matrix composite materi-
als. METCAN is a modular code that
continues to evolve. One of its unique
features is a multifactor interaction rela-
tionship (MFIR), which represents the
high-temperature nonlinear behaviors of
the constituent materials in a compos-
ite. The MFIR represents each quantifi-
able property of each constituent materi-
al as a product of factors that depend on
temperature, time, strength of the mate-
rial, metallurgical reactions, and the num-

bers of mechanical and thermal cycles.
The research described focused on
improving METCAN as applied to an
intermetallic-matrix composite (IMC)
material that comprises silicon fibers
in a matrix alloy of 65Ti+24Al+11Nb
(composition in weight percentages).
One of the improvements was a modifi-
cation of the term in the numbers of
cycles to account for thermomechanical
fatigue. Another improvement was incor-
poration of a factor to account for oxida-
tion of fibers and matrix at high tempera-
ture. After calibration for the particular
composite, the improved version of MET-
CAN was used to predict fatigue lives of

specimens of the composite in air and in
argon under two standard cyclic ther-
momechanical-fatigue testing regimes.
The predictions of METCAN agreed fair-
ly well with the results of tests under
those regimes.

This work was done by Christos C.
Chamis of Lewis Research Center and
Michael T. Tong of Sverdrup Tech-
nology, Inc. No further documentation
is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16004.

Improved Solid-Fuel Pellets for Flammability Tests
Reformulated material is less sensitive to humidity.
Lyndon B. Johnson Space Center, Houston, Texas

Improved formulations have been de-
vised for solid-fuel pellets used in igniters
in flammability testing of materials.
Modified versions of the improved
formulations might also prove useful in
solid-fuel pellets for household, work-
shop, and industrial applications.

In the original application that gave rise
to the need for the improved formula-
tions, the solid-fuel pellets were made
of hexamethylenetetramine (HMTA) as a
fuel mixed with gum arabic as a binder

and sodium metasilicate as a filler.
Frequently, these pellets did not satisfy
the NASA specifications that pertain to
the particular flammability tests, and they
were found to be unacceptably sensitive
to ambient humidity.

A review of the literature and some
experimentation led to the conclusion
that solid-fuel pellets could be made of
HMTA, gum arabic, and alternative filler
materials. Glass and silica were found to
be suitable replacements for the sodium

metasilicate filler. Pellets made of HMTA,
gum arabic, and glass or silica beads
were found to meet the specifications
and to be insensitive to humidity as
related to their performances in tests
according to the specifications.

This work was done by Amit Jain of
Rockwell International Corp. for Johnson
Space Center. For further information,
write in 40 on the TSP Request Card.
MSC-22604

Composite Flexible Blanket Insulation Sewn

With SiC Threads

Ames Research Center, Moffett Field, California

Lightweight composite fiexible blanket
insulation materials for protecting per-
sonnel and equipment against tempera-
tures up to more than 1,000 °C are
undergoing development. Intended orig-
inally for use on spacecraft reentering
the atmosphere of the Earth, these insu-
lating blankets could also be adapted to
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such terrestrial applications as protec-
tive clothing for firefighters. The designs
of these insulating blankets combine
established concepts of multilayer insu-
lation and of high-temperature ceramic
insulation, which have been described in
numerous articles in NASA Tech Briefs.
A typical insulating blanket of this type is

www.nasatech.com

a quilt that includes multiple reflective
layers of aluminum foil (or aluminum film
on a polyimide substrate) separated by
aluminoborosilicate cloth, plus an over-
lying layer of silica felt, all sandwiched
between ceramic (silica or silicon car-
bide) fabric face sheets. The choice of
materials and of the numbers and thick-
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nesses of the various layers can be
optimized for each specific application.
A principle innovative aspect of this
development is the use of threads of sil-
icon carbide (as distinguished from
threads of quartz or other silica-based
materials) to stitch the blanket layers
together. [The use of silicon carbide
threads in thermally insulating blankets
was reported previously in “Silicon

Carbide Threads for High-Temperature
Service” (ARC-12406), NASA Tech
Beriefs, Vol. 15, No. 4 (April 1991), page
64.] In comparison with silica-based
threads, those made from silicon car-
bide offer advantages of greater thermal
emissivity and greater retention of
strength at high temperatures.

This work was done by Paul M. Sawko
of Ames Research Center. For further

information, write in 82 on the TSP
Request Card.

This invention has been patented by
NASA (U.S. Patent No. 5,436,075).
Inquiries concerning nonexclusive or
exclusive license for its commercial de-
velopment should be addressed to the
Patent Counsel, Ames Research Center;
(415) 604-5104. Refer to ARC-13373.

Thermal Expansion of Iron-Base Alloys

Reinforced by Fibers
Results of experiments give clues as to interactions between fibers and matrices.
Lewis Research Center, Cleveland, Ohio

An experimental study was run on
the thermal expansions of specimens of
four kinds of composite materials. Each
specimen comprised a matrix of either
68Fe/24Cr/8Al/0.06Y or 59.5Fe/40A1/0.5B
alloy (numbers indicate approximate
atomic percentages) and three plies of
long, unidirectional fibers of either tung-
sten or single-crystal alumina. These
composite materials were chosen for
study partly because of their potential
utility at high temperatures. They were
also chosen partly because the con-
stituent alloys and fibers exhibit a wide
range of properties, including different

coefficients of thermal expansion. The
specimens were heated to temperatures
up to about 1,100 °C, and their lengths
as functions of temperature and time
were measured by dilatometry, with cor-
rections for the thermal expansions of the
components of the experimental appara-
tus. Thermal strains and the correspond-
ing coefficients of thermal expansion
were computed from the measurements.
Analysis of the numerical results revealed
that the instantaneous coefficient of ther-
mal expansion of each specimen de-
pended on its thermal history and was
sensitive to effects of relative inelasticity

of the matrix and to bonding/debonding
between the matrix and fibers.

This work was done by Donald W.
Petrasek and Susan L. Draper of Lewis
Research Center and Beverly J. M.
Aikin of Case Western Reserve
University. No further documentation is
available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16005.

Metal-Matrix/Ceramic-Fiber Parts for Handling Oxygen

Lyndon B. Johnson Space Center, Houston, Texas

Metal-matrix/ceramic-fiber composite
materials formulated to resist burning
have been proposed as candidate mate-
rials for use in high-pressure-oxygen-
handling equipment. These composites
would be used in place of either (a) light-
weight metals that pose a risk of flam-
mability in pressurized oxygen and (b)
metals that are less flammable but too
heavy, too weak, and/or too expensive.
Preliminary tests have shown that where-

as aluminum becomes flammable in pure
oxygen at a pressure as low as 25 psia
(0.17 MPa), a composite of aluminum
with 55 percent alumina/boria/silica
fibers resists burning in pure oxygen at
pressures up to 175 psia (1.2 MPa).
While these results appear promising,
there is still a long way to go; to be use-
ful, a material would have to be strong,
lightweight, and resistant to burning in
oxygen at typical pressures of oxygen-

handling systems; namely, pressures in
the range of 3 to 6 kpsi (20 to 40 MPa).
Other metal-matrix/ceramic-fiber com-
posites are being evaluated at the
NASA White Sands Test Facility at Las
Cruces, New Mexico.

This work was done by Michelle A.
Rucker of Johnson Space Center. For
further information, write in 15 on the
TSP Request Card. MSC-22650

Modified Intermetallic Has High Temperature Potential
This alloy forms two different protective oxide coats in two different temperature ranges.
Lewis Research Center, Cleveland, Ohio

The substitution of a large proportion
of molybdenum for the chromium in
chromium silicide (CrsSi) yields an alloy
with increased resistance to oxidation,

78

erosion, and creep. This improved high-
temperature alloy can potentially be
used, for example, on blades and vanes
exposed to hot, flowing, oxidizing

www.nasatech.com

gases in turbine engines. Other possi-
ble applications include chemically inert
extrusion dies in the food, glass, and
polymer-processing industries, where

NASA Tech Briefs, October 1996
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resistance to erosion and corrosion
are important.

By itself, the intermetallic compound
Cr;Si exhibits poor resistance due to
oxidation at temperatures above 1,150 °C.
This is partly because chromium oxi-
dizes faster than silicon does. The silicon
component oxidizes too slowly to form a
protective SiO, coat.

The present improved alloy is
Crao MoseSiag. It was chosen after prelim-
inary experiments as the best of a num-
ber of candidate alloys that were syn-
thesized by arc-melting mixtures of vari-
ous proportions of Cr, Mo, and Si. The

microstructure of this alloy features two
phases — Cr3Si and MosSi; — that form
two protective oxides in different tem-
perature ranges: Below 1,200 °C, a sta-
ble layer of Cr,Os; forms on the surface
of the alloy. Above 1,200 °C, a stable
layer of SiO, forms.

The addition of molybdenum decreas-
es the melting point of the alloy only
slightly, to about 1,700 °C. At the same
time, it increases the creep resistance
to about that of MoSi;, reinforced with sil-
icon carbide particles, but without mak-
ing the alloy highly susceptible to low-
temperature oxidative disintegration,

unlike MoSi,. The mass density of the
alloy is less than that of superalloys. The
alloy is brittle, but the addition of partial-
ly stabilized zirconia or another suitable
agent may provide a measure of tough-
ening.

This work was done by Sai V. Raj of
Lewis Research Center. For further
information, write in 66 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-15697.

Fully-Coupled Deformation and Damage Analysis

for MMCs

Effects of fatigue damage are taken into account in finite element computations.
Lewis Research Center, Cleveland, Ohio

A proposed method for predicting the
fatigue lives of metal-matrix composite
(MMC) structural components involves
finite-element analysis fully coupled with
a fatigue-damage model (see figure). In
this method, the effects of fatigue dam-
age are taken into account in the finite-
element solution by use of the concept
of effective stress, according to which
damage is accounted for through the
degradation of material properties
which results in degradation of the
individual finite-element stiffness ma-
trices. As damage progresses through
a structural component, these changes
in the stiffness matrices give rise to
redistribution of the computed stresses
in the finite elements.

A fatigue-damage algorithm derived
from a multiaxial, transversely isotro-
pic, isothermal, stress-based, continu-
um-damage-mechanics mathematical
model is implemented into the nonlin-
ear finite-element code MARC.

The fatigue-damage algorithm con-
sists of three subroutines, two of which
are used to degrade the elastic and
plastic properties, respectively of the
composite material. The third subroutine
is used to store the current state of
stress in each finite element during a
load cycle; this subroutine also invokes
the damage calculations when the last
increment in load, during a load cycle,
has been computed for the last finite
element. The load cycles are defined by
the user through the MARC input data
deck, and are used to achieve redistri-
bution of computed stresses in the struc-
ture due to the occurrence of material

degradation. The number of increments
of load per load cycle is also specified
by the user; this is necessary so that the
program can determine when a given

Finite-Element
Analysis of Deformation

Y

4

Current State of Stress,
Strain, and Damage

Y

Model of Fatigue Damage

;

Failure Criteria

Yes Coupled?
lNo
Life (Number of Cycles to Failure)

Effects of Fatigue Damage are taken into
account in finite-element computational
simulation of stresses and strain.

load cycle has been completed and the
damage calculations can begin.

In the present version of the method,
the damage calculations are controlled
by the increment in damage. The user

www.nasatech.com

specifies the allowable increment in
damage as a fraction of the total possi-
ble damage. Based on the new value of
damage, the number of cycles to failure
for a given element in its present state
of stress is calculated and stored. Next,
a sorting subroutine is called to deter-
mine which element is characterized by
the minimum number of cycles to fail-
ure. This element is denoted the con-
trolling element, and its number of cy-
cles to failure is denoted the controlling
number of cycles.

Once the controlling number of
cycles has been determined, the corre-
sponding actual amount of damage in
all of the remaining elements must be
recalculated. Once an element attains
98 percent damage, the element is
assumed to fail. At this point the stiff-
ness of the element is fixed at 2 percent
of its original value, and the element is
no longer considered in subsequent
damage calculations. In preparation for
the subsequent load cycle, the proper-
ties of the material in each element are
degraded according to the element’s
newly calculated damage.

This work was done by Steven M.
Arnold of Lewis Research Center and
Thomas E. Wilt of the University of
Toledo. No further documentation is
available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16002.

NASA Tech Briefs, October 1996
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Notes from Industry and
the Federal Laboratories

With Small Business Innovation
Research (SBIR) funding from the
Departments of Commerce and Defense,
Clark-MXR Inc. of Dexter, MI, has devel-
oped what its president Philippe Bado
calls a radically new ultrafast laser
source, for the first time bringing fem-
tosecond pulses into the industrial world.

The beam source, developed in collab-
oration with Dr. Erich Ippen and Dr.
Hermann Haus of the Massachusetts
Institute of Technology, is erbium-doped
single-mode optical fiber. A commercially
available high-power 980-nm diode laser
is the pump source.

The new design substantially elimi-
nates nonlinear effects that have limited
output energy in ultrafast lasers, through

than 50 mW, pulse energy works out in
excess of 1 nJ. The SErF, the frequency-
doubled 775-nm version, is well suited as
a seed source for Ti:sapphire regenera-
tive amplifier systems. Winding the fiber in
a compact loop makes the laser head,
including the pump source, just 12 in.
wide and 24 in. long. Bado expects fur-
ther work will lead to systems of the same
size able to produce microjoule pulses.

Gryphon Optics, a new company that
manufactures diffractive optics, announ-
ced its founding at the SPIE Annual
Meeting in Denver in August. Its presi-
dent is Paul Fileger and its applications
engineer Dr. Bruce Peters, who held the
same position at Teledyne Brown
Engineering Electro-Optics Products
Group. Gryphon, which is located in
Huntsville, AL, provides optical design
and analysis, and diffractive and microre-
fractive optical components and assem-
blies for applications in industrial and
medical laser material processing, laser
diagnostic, scanning, and telecommuni-

Erbium-doped fiber

CMXR-960323

Schematic of the stretched-pulse fiber ring laser.

the use of the patented "stretched-pulse
design." The laser's ring cavity (see the
figure) is divided into two sections of dif-
fering fiber, the erbium fiber part with
positive group velocity dispersion, and
the standard SFM28 communication
fiber part with negative group velocity
dispersion.

As the optical pulse races around the
fiber loop, it is first stretched (chirped)
and then compressed (unchirped). Thus
the overall loop has zero dispersion, sup-
porting the bandwidth associated with
ultrashort pulses. The output coupler is
placed at the end of the erbium section,
where the pulse duration is expected to
be greatest. As a result the output ener-
gy is approximately two orders of magni-
tude higher than that of "conventional®
fiber lasers.

Clark-MXR offers two models based
on this design, the ErfF™ and the SErF™.
The former is a modelocked laser oper-
ating at 1550 nm. At a repetition rate of
37 MHz and an average power of more

www.nasatech.com

cations systems, gas and diode laser
beam shaping, and conventional optics
aberration correction. Gryphon may be
reached at PO Box 14490, Huntsville, AL
35815; (205) 837-2565.

Companies continue to establish
World Wide Web sites at a fast clip.
Among them is Resonetics Inc. of
Nashua, NH, a supplier of laser microma-
chining services and systems. Its Home
Page is at http://www.resonetics.com.
The site includes a list of products and
services, a company profile, upcoming
events, and technical papers and articles.

MIl of Sanatoga, PA, has set up a site
at http://www.miipgt.com. The site con-
tains information on medical imaging and
display components and precision opti-
cal glass components. Information on
camera tubes, cathode ray tubes, optical
parts, and technical service and support
is accessible, along with a company pro-
file. The Precision Glass Technologies
division of Mll is also represented.
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Mapping Planar Geologic Features in Deep

Underground Mines

A Geolaser and mapping method have been developed and patented to map
features where metal interferes with compass readings.

Spokane Research Center, Department of Energy, Spokane, Washington

A fundamental problem of mapping
planar geologic features in deep under-
ground mines is the presence of metal
(water and air pipes, track, equipment,
etc.) that affects the accuracy and con-
sistency of compasses. To date, deep
underground geologic mapping methods

Geolaser was developed to make
quick, accurate, and reliable measure-
ments in deep underground mines where
the presence of metal interferes with
conventionally used compasses. Oper-
ation of Geolaser is based on the fact
that any beam of light laid horizontally

Figure 1. Metal strips along one side or the bottom of the Geolaser can be extended to allow
the instrument to be placed in a tight opening.

include use of transits or theodolites,
both of which are cumbersome and time-
consuming to use. To complicate the
mapping process, each planar feature
must be surveyed, and if that feature is
not apparent on the opposite wall, it can-
not be measured. Another method is to
stretch a tape measure between two sur-
vey spads and place a string along a pla-
nar feature on one wall and out into the
opening until it intersects the tape mea-
sure. This method, in addition to being
time-consuming, is also inaccurate.

4a

along a planar feature will define the
strike of that feature. Thus a beam can
actually project where a planar geologic
feature should occur along the back or
opposite rib in an underground opening.

First, a plan view map of the mine
showing survey spads is required. Un-
derground, a tape measure is stretched
from spad to spad. Geolaser is then
placed on any planar geologic feature to
be mapped, and a level contained in the
unit is used to orient the beam horizon-
tally. If the instrument cannot be placed

www.nasatech.com

in a tight opening, metal strips along one
side or the bottom of the instrument can
be extended to fit into the opening (see
Figure 1). The laser beam is activated
and the beam traced to its intersection of
the beam with the tape measure (Figure
2). A 4-to-6-foot rod is placed perpen-
dicular to the tape measure to mark its
intersection with the beam. The location
of Geolaser and the point where the
beam crosses the tape measure are
marked on the mine map. The resulting
line between these points defines the line
of strike relative to the survey line
between the two spads. The time need-
ed to take a measurement is about 20
seconds, and two people are required.

A Point where
oo laser beam
Geolaser ’>$~\\J/crosses tape
location measure
along planar 10’ between two

surface spads
Drift
-—

Spad

Figure 2. A line between the Geolaser's loca-
tion and its beam's intersection with a tape
measure defines the line of strike relative to
a survey line between two spads.

Bureau of Mines personnel have
tested the instrument and methodolo-
gy extensively and have successfully
mapped planar geologic features at sev-
eral deep underground mines. Time
saved mapping with Geolaser is estimat-
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ed at about 50 percent, with an increase
in accuracy.

This work was done by Douglas F.
Scott of the U.S. Department of
Energy Spokane Research Center.

A patent has been issued. Inquiries con-
cerning rights for the commercial use of
this invention should be addressed to
Douglas F. Scoit, Spokane Research
Center, E. 315 Montgomery Ave.,

Spokane, WA 99207; (509) 484-1610;
FAX (509) 353-2652; E-mail: scottd@
src.usbm.gov.

Laser Spot Welding of Brazing-Alloy Foil
Marshall Space Flight Center, Alabama

Brazing-alloy foils 0.0015 to 0.004 in.
(0.04 to 0.1 mm) thick would be spot-
welded in place by use of a laser, accord-
ing to a proposal. The laser spot-weld-
ing system to be used for this purpose
would include a commercially avail-
able neodymium:yttrium aluminum gar-
net (Nd:YAG,) laser. It would also include
a fiber-optic transmission cable that, in
comparison with the electric power cable
used in electrical-resistance spot weld-
ing, would be lighter in weight and more
maneuverable. The quality and consisten-

Modified
Triple-Cantilever

Bimorph Actuator

NASA’s Jet Propulsion
Laboratory,
Pasadena, California

A triple-cantilever bimorph actuator
has been proposed for use in adjusting
the axial position and/or tilt of a mirror or
other object in three degrees of freedom.
This actuator would be a modified ver-
sion of the device described in
“Controlling Mirror Tilt With a Bimorph
Actuator” (NPO-19303), NASA Tech
Briefs, Vol. 19, No. 11 (November 1995),
page 70. In both the previous and pre-
sent versions, three piezoelectric or
piezoceramic bimorphs would be mount-
ed as cantilever beams at equal angular
intervals about the axis of a cylindrical
housing to provide approximately axial
translation to three similarly angularly
spaced points near the periphery of a
round mirror in the housing, and capaci-
tive proximity sensors would provide
cantilever-deflection feedback. In both
versions, a voltage could be applied to
each bimorph independently to tilt the
mirror in the required direction. In the
modified version, the three bimorphs
could also be simultaneously command-
ed to produce equal axial translations to
translate the mirror axially without tilt-
ing it. The two versions would differ
somewhat in the geometry of mounting
of the bimorphs and in the connections

October 1996

cy of the laser spot welds would exceed
those of electrical-resistance spot welds.

This work was done by Jeffrey L.
Gilbert and Lyle B. Spiegel of Rockwell

International Corp. for Marshall Space
Flight Center. For further information,
write in 96 on the TSP Request Card.
MFS-30059
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between the bimorphs and the mirror. The design of the mod-
ified version could be optimized for operation in cryogenic
apparatuses. In most other respects, the basic principles and
the basic design parameters of the two versions would be
essentially the same.

This work was done by Yoseph Bar-Cohen of Caltech for
NASA’s Jet Propulsion Laboratory. For further information,
write in 26 on the TSP Request Card.

NPO-19312

New Mid-Infrared Solid-State Lasers

Efficient operation is demonstrated at the longest wavelength

ever reported for rare-earth lasers.

Naval Research Laboratory (NRL), Washington, DC

Solid-state lasers based on rare-earth ions provide rugged
high-brightness sources for many real-world applications. But
until now these lasers have been restricted to operation in the
visible and near-infrared: A =< 3 ym. A goal of research at NRL
is to extend the useful range of rare-earth solid-state lasers
into the mid-infrared range: 3 um (<) A (<) 10 um. Toward this
goal is work to explore the optical properties of rare-earth ions
doped into unconventional host crystals. Demonstration of this
technigue involves two new mid-IR lasers using the rare earth
praseodymium. These can now provide compact and efficient
sources with emission lines centered at 5.2 and 7.2 um.

As the emission wavelength of a potential laser material
increases, nonradiative decay processes become more ener-
getically allowed. These processes compete with and eventu-
ally quench fluorescence from the metastable quantum states
needed for laser operation. For rare-earth solid-state lasers the
most important of these nonradiative decay mechanisms is
called multiphonon quenching. This process allows the excited
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states of 4f electrons to decay through the production of
quantized vibrations of the solid matrix, called phonons. As a
result, previous solid-state lasers have been restricted to effi-
cient operation at wavelengths shorter than 3 pm. The key to
achieving rare-earth lasers in the mid-IR is the selection of a
host material that has very low-energy phonons. Lanthanum
trichloride is one such host crystal, with a maximum phonon
energy of only 210 cm’.

A good laser host material must also be transparent through-
out the spectral range of interest and accommodate doping of
the active ion. Lanthanum trichloride is optically uniaxial and is
transparent from the UV to 15 pm. Also, praseodymium ions
substitute easily at the C3h symmetry lanthanum crystal site.
The new lasers use crystals doped with approximately 1%
praseodymium. Optical-quality crystals were grown using a
vertical Bridgman technigue.

One disadvantage of lanthanum trichloride as a laser host is
that it is hygroscopic. Laser chambers must be sealed with a
dry atmosphere. A polished crystal was mounted on a temper-
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Output energy of the praseodymium laser with the crystal tempera-
ture fixed at 140 K.

ature-controlled heat sink inside a nearly hemispheric 20-cm
resonator. The crystal was oriented near Brewster angle with
the optical axis in the plane of incidence. Dichroic mirrors
allowed operation at 5 or 7 ym and single-end pumping at 2.02
pm with a pulsed thulium:YAG laser. This pump laser produced
polarized pulses with Gaussian spatial profiles and durations as
long as 400 ps.
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At room temperature a 7.2-pm laser
threshold was obtained with only 4 mJ
of absorbed pump energy, and slope
efficiencies of 4% were observed. With
the crystal temperature reduced to 140
K, 7-um slope efficiencies of 15% were
observed, as shown in the figure. For
the 5.2-um transition, slope efficien-
cies of 28% were observed. Both of
the new laser transitions originate in the
Pr'? °F; level, and the lifetime of this
upper state is measured to be 300 ps.

Compact and efficient 5- or 7-uym
praseodymium lasers should now be

Using Ultrasound
To Measure
Thicknesses of

Lenses

Marshall Space Flight Center,
Alabama

An ultrasonic thickness-measuring
apparatus has been designed especially
for measuring the thicknesses of lenses
during and after fabrication. The advan-
tage of ultrasonic measurement over
customary micrometer measurement is
that an ultrasonic transducer is less like-
ly to introduce scratches into the lens
surfaces. In a typical application, an
ultrasonic transducer and an ultrasonic
delay line are connected to a transducer,
and the lens or other specimen to be
measured is positioned below the delay
line. A fluid medium such as water is
placed between the delay line and the
specimen being measured to ensure
good ultrasonic coupling. An ultrasonic
receiver collects the reflected ultrason-
ic waves and determines the thickness
of the specimen from the speed of
sound and the round-trip travel time of
reflected sound.

This work was done by Hoa T. Bui of
Hughes for Marshall Space Flight
Center. For further information, write in
69 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 Hughes Aircraft Company.
Inquiries concerning licenses for its com-
mercial development should be ad-
dressed to

Hughes Aircraft Company

7200 Hughes Terrace

Los Angeles, CA 90080-7200
Refer to MFS-28964, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.
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possible using commercial 1.5-pm
InGaAs/InP laser diode arrays as the
pump source. More generally, the low-
energy phonon host that made this
demonstration possible can now be
applied to many other solid-state lasers
in the 3-to-10pum range. Potential appli-
cations for such sources include illumi-
nators for infrared imaging and coun-
termeasures systems as well as chem-
ical and biological sensing systems.
This work was done by S.R.
Bowman, Joseph Ganem, and B.J.
Feldman in the Laser Physics Branch at

the Naval Research Laboratory. For
further information contact Steve
Bowman at Code 5640, NRL, Washing-
ton, DC 20375-5320; (202) 767-9418;
FAX (202) 404-7530; E-mail: bow-
man2@nrips1.navy.mil.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Technology
Transfer Office, Code 1003.1, Naval
Research Lab, 4555 Overlook Ave. SW,
Washington, DC 20375-5000.

*PUNon Carbids Corporation
TEL (360) 835-2001
FAX (360) 835-9848

Your Standards
Drive Our
Processes

We go to great lengths to
understand your needs.
Producing solutions for a
variety of environments, from
the highest quality Ti:Sapphire
and Cr*":YAG for tunable
lasers or Ho, Tm, Cr:YAG
and Er:YAG for mid infrared
and Nd-doped YAG and
YVO; for near infrared laser
applications, to sapphire
substrates for blue LEDs is
our total focus. We have
been providing quality
products to the laser
industry for over 30 years.
Our technical support and
unprecedented customer
service is available to help
with your most complex
problems. Give us a call

For More Information Write In No. 456 7a
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immediate delivery. Call today for your FREE 236 page catalog.
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SEE YOUR INFRARED

TEN REASONS WHY NEAR-IR VIEWER
USERS PREFER FIND-R-SCOPES®!

The FIND-R-SCOPE® 84499 Series are the most widely
used infrared viewers. WHY?

1. Sensitivity from 350nm to 1550nm”
2. High resolution and low cost

ol

Easily replaceable parts

=

18 month warranty
Custom optics

UL listed

Tripod mountable

N oo

o

Free carrying case
. Hand-held portability
10. Technical service available

e

Call our TECHNICAL SALES GROUP at
1-800-355-4FJW for more information.
*(Other models to 2200nm

FJW OPTICAL SYSTEMS, INC

629 VERMONT STREET mm
PALATINE, ILLINOIS 60067 |mm
PHONE: (847) 358-2500
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Lightweight Mirrors
Withstand Large

Temperature Excursions

Quartz optical faceplates are supported
by ceramic foam substrates.

Lewis Research Center, Cleveland, Ohio

Lightweight mirrors made from composite materials have
been developed for use as solar concentrators in outer space.
These mirrors could also be suitable for terrestrial applica-
tions that involve large temperature excursions.

A mirror of this type is 0.5 in. (13 mm) thick and 6 in. (15 cm)
in diameter, and its reflective surface is concave with a radius of
72 in. (183 cm). The main structural body of the mirror is a sub-
strate made from reticulated vitreous carbon foam infiltrated
with a ceramic. A faceplate with a mirror surface is made from
a rough precurved quartz blank; the blank is ground and pol-
ished to obtain the required mirror surface, then a thin layer of
aluminum is bonded to this surface to make it reflective.

The mirror surface has a slope error less than 1.0 millira-
dian and a root-mean-square surface roughness less than 50 A
The areal density of the mirror is less than 0.35 g/cm?. A state-
of-the-art lightweight mirror of prior design has a slope error
of 2.0 milliradians and an areal density between 0.5 and 0.6
g/cm®. A mirror of the present type was found to retain its opti-
cal properties after three temperature cycles between ambient
and —193 °C, 200 cycles between ambient and 200 °C, and
200 cycles between 0 and 200 °C.

This work was done by Richard B. Kaplan and Brian E.
Williams of Ultramet for Lewis Research Center. For further
information, write in 97 on the TSP Request Card.

Inquiries concerning rights for the commercial use of this
invention should be addressed to the Patent Counsel, Lewis
Research Center; (216) 433-2320. Refer to LEW-15543.

Line-Focusing Optics for

Multiple-Pass Laser Welding
Marshall Space Flight Center, Alabama

A lens-and-mirror optical assembly has been developed for
use in multiple-pass laser welding in the conduction mode (a
shallow-weld-pool mode, as distinguished from the full-pene-
tration keyhole mode). The laser beam is focused to a point in
the keyhole mode. However, to produce the more diffuse heat-
ing pattern needed in the conduction mode, the present opti-
cal assembly focuses a CO,-laser beam nominally to a short
line (more realistically, to a soft oval) aligned either along or
across the weld seam. Testing of multiple-pass laser welds
made with the line-focusing optical assembly showed none of
the porosity found in multiple-pass keyhole welds.

This work was done by D. Mark Shelley, Ralph J. Moores,
and Lyle L. Spiegel of Rockwell International Corp. for Marshall
Space Flight Center. For further information, write in 80 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-29976.
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Boresighting Tool for Cameras

With One-Dimensional Detectors
Small collimators project target patterns that can be used to measure pointing angles.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A specially designed tool provides for
the boresighting of nine cameras that
contain one-dimensional photodetec-
tors and that are mounted in an optical
bench. The tool includes an array of nine

small collimators precisely positioned
and oriented in another optical bench,
such that when the two optical benches
are brought together on precisely
machined faying surfaces, each colli-

mator faces one of the cameras.

Each collimator contains a small, pre-
cisely aligned target with a dual-chevron
pattern that is imaged onto the one-
dimensional imaging detector (a linear

SR

Linear Array of
Photodetectors

\\\\\ /./

MAGNIFIED VIEW OF TARGET PATTERN PROJECTED ONTO FOCAL PLANE OF CAMERA

-

Alignment
Marks

Figure 1. The Dual-Chevron Target Pattern projected onto the linear array of photodetectors yields data on the azimuthal, elevational, and
rotational misalignment of the camera. The multiple bars are used to increase sampling and thus the accuracy.
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bonded to the surface of the glass
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B Has high infrared heat reflectance

B Features a durable, abrasion-resistant
surface that stands up to conditions
that would quickly mar or scratch
ordinary glass

That's Transparent Electrical

produced by our patented, on-line
chemical vapor deposition technology

In fact, innovative engineers have
already found a wide range of

® Thin-Film Photovoltaics
W Flat Panel Displays

Heat-Reflecting Self-Cleaning Oven Doors * Defrosting Refrigerator and Freezer Doors *

coating (with excellent optical properties)
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B Anti-Static Coatings

® Bar-Code Scanners

B Copier Cover Plates

B R Reflecting Windows

B Heat-Reflecting Self-Cleaning
Oven Doors

8 Defrosting Refrigerator and
Freezer Doors

W Solar Heating

B Security Systems

Now, imagine what you can do
with LOF TEC-Glass.

For specifications and additional
information, just circle the reader
response number, or write us.

Because the possibilities are limited
only by your imagination.

Libbey-Owens-Ford Co.
Specialty Glass Products
8§11 Madison Avenue, P.O. Box 799

Toledo, OH 43697-0799
419-247-4724
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Losiris is the world leader in laser lighting for
machine vision, industrial inspection,
alignment and R&D. Our unique loser line
generators include:

Lasers For
Structured
Lighting

© Uniform intensity distribution

* Focus adjustment down to 20pm

© Interchangeable pattern heads

* ESD protected to more than 8,000 Volts
* Amplitude and frequency modulation

© Full CDRH safety compliance

* Compact and rugged design

* Available from stock

multiple lines
crosshair

dot line
single line

Call s for all your standord needs or
custom applications.

circle generators
dot matrix

and custom patterns

3549 Ashby St.
St-Laurent, Quebec
Canada H4R 2K3

1-800-814-9552

Tel: (514) 335-1005

Fax: (514) 3354576

Internet: http://www.lasiris.com
e-mail: lasiris@montrealnet.ca
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SUPERIOR VISION WITH LASERS

For More Information Write In No. 460

Measure surface stress
and retained austenite

wiTH TEC ReSIDUAL STRESS ANALYSIS
SYSTEMS AND SERVICES.

¥ TEC Model 1600 Series Stress Analyzers
Designed for use on the factory floor or in the laboratory.
X-ray diffraction technique, no destructive sectioning.
¥ TEC Stress Services Group
Fast, accurate analysis performed at your site or
in our lab. Residual stress analysis and retained
austenite analysis.

_:_—7_55;_: PRODUCTS and LAB SERVICES
M- ¥—= 10737 Lexington Drive, Knoxville, TN 37932

423-966-5856 fax: 423-675-1241
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array of photodetectors) in the facing camera (see Figure 1).

Figure 2 shows three collimator/camera pairs that produce a
magnified view, like the one shown in Figure 1, of the target
pattern as projected onto the focal plane of the camera. The
basic idea is that data from the target image projected onto the
one-dimensional imaging detector can be processed to
extract three parameters (x, y, and rotation) of the orientation
of the camera with respect to the collimator and target.

This work was done by Lawrence J. Steimle of Caltech for
NASA’s Jet Propulsion Laboratory. For further information,
write in 58 on the TSP Request Card. NPO-19388

Collimator

Collimator Array
Bench

Instrument
Optical Bench

Figure 2. A Multicamera Boresight Configuration is shown here
with three cameras.

Progress in X-Ray-Based
Displacement and

Strain Measurement
Lewis Research Center, Cleveland, Ohio

A recent work discusses the basic principle and the develop-
ment of noncontact extensometry of objects in hot or other-
wise hostile environments by use of focusing and scanning of
x-rays. The method was described previously in Laser Tech
Briefs in “X-Ray Measurements of Displacements in Hostile
Environments” (LEW-15905), supplement to NASA Tech Briefs,
Vol. 19, No. 6, (June, 1995), page 18a. Recent refinements in-
clude the development of a high-resolution scanner with a posi-
tion measurement accuracy on the order of 0.1 micron. Medical
applications are also being considered.

This work was done by Howard A. Canistraro, Eric H.
Jordan, and Douglas M. Pease of the University of Connecti-
cut for Lewis Research Center. No further documentation is
available. LEW-16001.

October 1996



Fiber-Optic-Based Compact
Gas-Leak Detector and Localizer

This instrument can also be used to monitor process

gases in situ.

Lewis Research Center, Cleveland, Ohio

A Raman-scattering instrument that
includes a main housing and a fiber-
optic coupling to a probe head is
designed for use in real-time determina-
tion of the concentrations of gas mole-
cules of various species in a small probe
volume near the probe head. Such a
determination is possible because the
Raman-scattered light contains spectral
information specific to each species.

The development of this instrument is
significant because the ability to monitor
the composition of a gas in real time is
advantageous in a broad range of appli-
cations. In gas-processing plants, there
is a need to monitor processes in real
time. In steel-processing plants, there is
a need to monitor the compositions of
endothermic gases, which are critical to
the qualities of the end products. The
use of instant monitoring techniques to
detect hazardous gas leaks will increase
safety and facilitate ground operations at
spacecraft-launching sites. Current
monitoring techniques involve the use of
chemical sensors, which are often limit-
ed to single species, respond relatively
slowly, and have limited useful lifetimes
under some hostile conditions.
Moreover, such sensors contain point-
contact transducers that must be
exposed to the gases to be monitored.

The instrument is illustrated schemat-
ically in Figure 1. The main housing of
the instrument contains a laser that

supplies the light to be Raman-scat-
tered; the housing also contains the
sensitive equipment that detects and
spectrally analyzes the Raman-scat-
tered light. The instrumentation in the
housing is connected via three optical
fibers to the probe head, which can thus
be located remotely — possibly in an
environment too hostile to allow the
presence of personnel.

The laser is of the argon-ion type and
emits a green beam with a power of 0.2
W. The beam is mechanically chopped,
then transmitted to the probe head via
one of the optical fibers, which is chosen
to be of the single-mode type to ensure
good definition of the probe volume.
The probe head contains a graded-
index-of-refraction lens, a short-wave-
length-pass filter, two dichroic mirrors, a
focusing/collection lens, a fully reflecting
mirror, and a refocusing lens.

The probe head collects the light scat-
tered back by the molecules in the
probe volume and couples this light into
another of the optical fibers for transmis-
sion to the spectrometric instrumenta-
tion in the main housing. A lock-in ampli-
fier in this instrumentation extracts a sig-
nal proportional to the intensity of the
scattered light. Some of the laser light
scattered within the probe head is cou-
pled into the remaining optical fiber,
which guides this light back to a photo-
diode for use as a reference to correct

Optical

Isolator

Microscope

Objective Lens

Beam-Delivery Fiber
\ Intensity-Reference Fiber
\ Cdlqcvm Fiber Probe Head

3
Chopper”

Laser-Intensity Reference Signal
g,V

Laser/Fiber

|| Collimating Optics
| | Raman Notch Filter

\ \ b b
P SRR B/ .. -
7 000 N
N\

Sampling

Volume

Figure 1. The Fiber-Optic-Based Compact Gas-Leak Detector and Localizer is a Raman-

scattering instrument with a remote optical probe head connected via optical fibers to sen-

sitive instrumentation in a main housing.
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LITERATURE SK_ JTLIGHT

OPTICAL
LIQUIDS

R. P. Cargille's Specialty
Optical Liquids catalog fea-
tures  high-transmission,
safe-handling laser liquids
plus fused silica matching
liquids and specific refrac-

sAL tive-index liquids (1.300 to
LIQUIDS 2.11 nyp). T:c catalog now
includes comparative dia-
grams of glasses and oprical liquids. R. P Cargille
Laboratories, Inc., 55 Commerce Road, Cedar Grove,
NJ 07009-1289; (201) 239-6633; (201) 239-6096.

R. P. Cargille Laboratories

For More Information Write In No. 392

=Y CONSTANT-

md TEMPERATURE
SOLUTIONS FOR
SEMICONDUCTOR
INDUSTRY

NESLAB introduces its new prod-
— 0 catalog, featuring constant-tem-
perature equipment designed specifically for the semicon-
ductor industry. This catalog includes features, specifica-

tions, application tips, and customizing options available
including refrigeration, controller, pump, fluid, heater, and
electrical specs. For more information contact Terri Pruetr,
Marketing Coordinator, NESLAB Instruments, Inc., PO
Box 1178, Portsmouth, NH 03802-1178; (603) 430-2251;
FAX (603) 436-8411.

NESLAB Instruments Inc.
For More Information Write In No. 390

DUAL-CHANNEL
LASER POWER/
ENERGY METER

Ophir Optronics Inc. intro-
duces the new Model Laserstar
Display dual-channel laser
power/energy meter. The Model
Laserstar Display works with all three types of detector
heads (thermal, pyroelectric, and photodiode). This pro-

vides a measurement range from nanowatts to kilowarts
and microjoules to joules. Upgrades to dual-channel and
GPIB(icee) are available, Measure two channels indepen-
dently or ratio A/B,B/A combining different head types.
For more information call 1-800-383-0814. Ophir
Optronics Inc., 200 Corporate Place, #7, Peabody, MA;
FAX (508) 535-5999.
Ophir Optronics Inc.
For More Information Write In No. 391

FREE CATALOG
“OPTICS FOR
INDUSTRY”

Free 130 page catalog from
Rolyn, world’s largest supplier
of “Off-the-Shelf” optics. 24-
hour delivery of simple or
compound filters,
prisms, mirrors, beamsplit-

lenses,

ters, reticles, objectives, eye-
pieces, plus thousands of other stock items. At off-the-
shelf prices. Rolyn also supplies custom products and
coatings in prototype or production quantities.

Rolyn Optics
706 Arrow Grand Circle, Covina, CA 91722-2199
Tel: 818-915-5707; Fax: 818-915-1379.

for fluctuations in the intensity of the laser
beam. Calibration charts enable direct
readout of the concentrations of the var-
ious species.

In experiments to evaluate the instru-
ment, measurements were performed on
single and mixed gases in an enclosed
vessel at ambient temperature and
atmospheric total pressure. Hydrogen
was mixed with other gases in various
relative concentrations that started at

exciting new possibilities in many areas
of leak detection. Optical fibers that
endure temperatures up to 700 °C pro-
vide access to hot environments; thus,
the useful temperature range of this
instrument is from cryogenic to 700 °C.
With the addition of a fiber-optic multi-
plexer, the instrument can be used to
monitor gases at several locations simul-
taneously. Continued development in the
effort to optimize the performances of
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Figure 2. These Raman Spectra were obtained from measurements of light scattered from
a gas mixture containing various percentages of hydrogen. Note that, as expected, the
intensity of the hydrogen Raman spectral line increases with the proportion of hydrogen.

values of 0, 1, and 2.8 percent and
ranged up to 100 percent in increments
of 10 percent (see Figure 2). Other gases
that were measured successfully in pure
form and in mixtures were oxygen, nitro-
gen, and carbon monoxide. In the case
of each gas of interest, its partial pres-
sure in the vessel was increased in steps
of 10 percent from 10”7 Pa to atmos-
pheric while its Raman-scattering inten-
sities were monitored. A trade-off was
made between speed and obtainable
accuracy: The lock-in amplifier was set
with a 10-s time constant, causing the
response time to be about 1 min. The
lower limit of detectability of the gases
studied, using the instrument in its
nonoptimal form, was found to be 1 kPa
(a relative concentration of about 1 per-
cent under ambient conditions).

This instrument is capable of in situ
monitoring of many gases and opens up

www.nasatech.com

components will turn this instrument into
a powerful diagnostic tool. Potential
improvements could include a more sen-
sitive detection system, a different de-
sign of the probe head to facilitate
alignment of the optics, and the use of a
laser that concentrates power in fewer
modes so that more power can be deliv-
ered to the probe volume via the single-
mode optical fiber.

This work was done by Wilhelmus A.
de Groot of NYMA, Inc., for Lewis
Research Center. For further informa-
tion, write in 63 on the TSP Request
Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-15889.
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NEW PRODUCTS

Axial Gradient
Index Material
LightPath Technologies
Inc., Albuquerque, NM,
offers Gradium™ glass,
a new gradient index
material whose index of
cal radii are applied to Gradium blanks, the resulting
lenses behave as aspherics, eliminating spherical
aberration; with proper lens shape factor, coma is
reduced. The company can supply blanks with diam-
eters in excess of 2.5 in. with index changes of 0.15.
Plano-convex lenses and cemented achromatic dou-
blets can also be supplied. LightPath is also licensing
uses of Gradium glass.
For More Information Write In No. 800

Protective
Eyewear
for Laser
Alignment

Uvex Safety Inc.,
Smithfield, Rl, in-
troduces two new
spectacle-style laser alignment models to its DVOR
(Diffuse Viewing Only) family of protective eyewear.
The DVO LOTG-Argon, designed for diffuse viewing
of CW argon lasers (450-514 nm) up to 1 W, and
LOTG-HeNe, for HeNe lasers (633 nm) up to 10 mW,
allow wearers to see beam termination points and
thus keep their eyewear on during laser adjustment
procedures and R&D operations. The lenses have the
patented uvex 4C+7 antifog, antistatic, antiscratch,
and anti-UV coating.
For More Information Write In No. 803

Circular
Geomefry
Gauge
Precitech Inc., Keene,
NH, says that low cost
is a leading feature of
its FMS 8150 large-
capacity circular geo-
= metry gauge for the
lab or shop floor. The unit accommodates workpieces
up to 16 in. in diameter and 17 in. high, and weights
to 200 Ib. The 6-in. air-bearing spindie has an accu-
racy of #0.02 pm, and the digital servo drive has
standard 6- and 10-rpm speeds. The spindle accepts
an optional 6-in.- or 8-in.-diameter tilt/centering work-
table. The instrument can measure out-of-roundness,
eccentricity, flatness, perpendicularity, and more.

For More Information Write In No. 806

Avtomated
Computerized
Spherometer

The Opti-Pro CURV
(Computerized Univer-
sal Radius Verifier) from
CNC Systems Inc.,
Ontario, NY, is an auto-
matic spherometer based on a three-ball contacting
technique and PC-compatible software. The compa-
ny says it is easily calibrated using a plano test plate
and any known sphere or test plate. Printout of the
information screen provides a QC report that can be
dated, part- and lot-numbered to meet ISO 9000
standards. Applications include radius-of-curvature
inspection for concave and convex optical compo-
nents, spheres, and balls. Basic price is $8995.
For More Information Write In No. 809
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Fiber
Optic
Light
Source
The 150-W
DCR |l fiber
optic  light
source from
Fostec Inc., Aubum, NY, is a compact, rugged unit
switch-selectable for both 120 and 230 V. It has a
rheostat for variable light intensity and a 9-pin con-
nector for remote intensity control via an analog input.
Light output is stable within 1 percent. An iris
diaphragm version is available. The unit is CSA/UL
approved and CE compliant, and comes with a 2-
year warranty.

For More Information Write In No. 801

Compact
Excimer
Laser

The Model MSX-250
is the newest addi-
tion to the line of

sl ArF/KrF excimer las-
ers from MPB Technologies Inc., Pointe Claire, PC,
Canada. The laser offers pulse energies up to 55 mJ
and average powers to 2 W (248 nm) from a compact
unit with a footprint of 18 X 10 in. It features all-metal-
ceramic construction and what the company calls
maintenance-free preionization and gas circulation
schemes. A modular design concept is intended to
facilitate scheduled maintenance in heavy-usage
industrial applications. The thyratron carries a warran-
ty of 2 years or 3 X 108 pulses, whichever comes first.

For More Information Write In No. 802

Rugged
Fiber Optic
Transceiver

Schweitzer Engi-
neering Labora-
tories (SEL), Pull-
man, WA, devel-
oped the SEL-2800 fiber optic transceiver specifical-
ly to provide electrically isolated noise-free EIA-232
communications over distances up to 500 m in harsh
physical and RFI/EMI environments. The SEL-2800
connects directly to a 9-pin serial port, draws its
power from it, and transmits at the port's baud rate
up to 40kbaud. The transceiver is designed to work
with the V-System fiber optic cable assembly from
Spectran Speciaity Optics.
For More Information Write in No. 804

Visible
and
infrared
Laser
Diodes

A new line of
visible and infra-
red laser diodes available from Flberopuc Alignment
Solutions, Batavia, IL, requires very low operating cur-
rent and has a capacity of up to 2 mW of coupled
power. Available wavelengths are 635, 650, 670, 780,
850, 1310, and 1550 nm. Operating temperature is
between -10 °C and +40 °C. Custom and standard
designs are available in pigtailed and connectorized
versions. Applications include test and measurement,
medical equipment, data communications and video,
and as visual fault finders, the company says.
For More Information Write In No. 807

ii = | Laser Optic
Strain Sensor

The Cooke Corp., Tonawan-
da, NY, offers a laser optic
strain sensor based on laser
speckie interferometry. It can
do full-field deformation and
strain measurement in the lon-
gitudinal direction on areas of
approximately 30 X 40 mm.
Using IR laser light and a
video camera, measurements
are noncontact and reference
marks are not required. The device can measure all
nonreflecting surfaces such as metals, elastomers,
plastics, ceramics, concrete, wood, rubber-to-metal
connections, etc.
For More Information Write In No. 810
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Ultrasensitive
Thermal
Detector

Available from Ophir
Optronics Inc., Pea-
body, MA, is the
Model 2A thermal
detector. With a flat
spectral response of
0.19-12 pm, it can
— measure from 50 W
to 2 W of average power as well as single pulses of
energy from 10s of pJ up to 2 J. The Model 2A comes
with a removable light tube that can be combined with
interchangeable filters and/or quartz windows to mini-
mize thermal background. It is compatibie with Ophir
Models Nova, AN-2, and the new LaserStar displays.
For More Information Write in No. 805

Laser
Micromachining
with Three
Wavelengths

New Wave Research Inc.,
Sunnyvale, CA, says that
its QuikLaze™ Nd:YAG-
based laser micromachin-
ing system is the only one
that offers three different
wavelengths in a single unit. In semiconductor appli-
cations, the green wavelength (532 nm) removes sili-
con dioxide from metal lines and cuts them; the uitra-
violet (355 nm) removes nitride or polyimide; and the
infrared (1064 nm) cuts metal lines with less risk of
damage to silicon or GaAs than the green. Energy
range is 0.4-0.6 mJ depending on wavelength.
For More Information Write Iin No. 808

ZnSe Lenses
for High-Power
€02 Lasers

Laser Research Optics,
Providence, R, introduces
a line of low-absorption
zinc selenide lenses in
eight standard diameters
(0.5-3.0 in.) and a range of
focal lengths for high-
power carbon dioxide
lasers. With typical total absorption of <0.3 percent,
the lenses have antireflective coatings on both sides.
Offered in plano-convex and meniscus shapes, the
lenses are suited for medical laser and industrial cut-
ting applications where depth of field is important, the
company says.
For More Information Write In No. 811
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NEW LITERATURE

Ferroelectric
Liguid Crystal
Display Products

Displaytech Inc., Boulder,
CO, has compiled a 38-page
full-color  catalog that
includes descriptions and
specifications on all of its fer-
roelectric liquid crystal-relat-
ed products. They include integrated-circuit spatial
light modulators (SLMSs), shutters, polarization rota-
tors, red-green-blue FASTfilter switchable color filters,
and video shutters for CCD cameras. Among new
products featured are the ChronoColor™ miniature
displays that measure less than 1/2 in. diagonally, and
a spatial light modulator system for optical correlation.
For More Information Write In No. 815

Lasers for Science
and Industry

A 30-page full-color "1996
Scientific and Industrial Pro-
duct Catalog" from Spectra-
Physics Lasers, Mountain
View, CA, supplies descrip-
I 00 ( tions, applications information,
Ml and features for the company's
lasers, components, and accessories. These include
water- and air-cooled ion and gas lasers, tunable CW
and ultrashort-pulsed lasers, ultrashort amplifier sys-
tems, the tunable pulsed optical parametric oscillator,
Nd:YAG lasers, and diode-pumped lasers. Custom
optical components and thin-film coatings can be
produced; accessories include interferometers, polar-
ization rotators, and mounts.
For More Information Write In No. 818

Compact
Modular Laser
Rangefinders

The 6-page full-color bro-
chure published by ALST,
Orlando, FL, details its line of
compact, modular eyesafe
and non-eyesafe laser
rangefinders. It describes
ALST's Nd:YAG and erbium
glass-based technologies, and gives range estimates
and intended applications for the systems. Detection
graphs indicate the rangefinders' performance under
various visibility conditions. The brochure also con-
tains specifications for the entire line.
For More Information Write In No. 816

Technical Note
on CCD
Manvfacture

Photometrics Ltd., Tuc-
son, AZ, has produced a
technical brief outlining
the importance of pre-
cautionary procedures in
the manufacture of
charge-coupled device
(CCD) cameras. The 4-
page document describes the company's 624-sq.-ft.
clean room, equipped with four laminar-flow hoods to
provide Class 100 clean areas for CCD handling.
Temperature and humidity levels are also controllied,
reducing the likelihood of electrostatic discharges that
can result in CCD failure.
For More Information Write in No. 819

Precision Off-the-
Shelf Optics

The 1996-1997 Optics and
Optical Instruments Catalog
from Edmund Scientific,
Barrington, NJ, features the
expanded lines of precision
off-the-shelf optics and
TechSpec™ Optic matrices
for design, prototype, and production. The catalog
includes more than 8000 optical and scientific prod-
ucts, among them lasers, optics, positioning equip-
ment, fiber optics, video microscopy systems, micro-
scopes, telescopes, magnifiers, machine vision, lab
equipment, and accessories. Edmund can manufac-
ture precision parabolic, spherical, and plano mirrors
in many shapes and substrates.

For More Information Write In No. 817

—

Integrating
Spheres and
instrumentation

A new 120-page publica-
tion, "1996/97 Sphere
Systems and Instrumen-
tation Catalog,” from Lab-
sphere Inc., North Sutton,
NH, focuses on the com-
pany's complete line of
integrating sphere systems and sphere controls, light
sources, and detectors. The catalog contains product
specifications, applications, and technical information
for sphere systems for lamp measurement, light-
source calibration, laser power measurement, and
reflectance/transmittance measurement. A 16-page
technical section concludes the catalog.
For More Information Write In No. 820

Fiber Optics for
Advanced
Transmission
Systems

Melles Griot, Irvine, CA,
has put together a 10-
page full-color brochure
about its line of
"Advanced Fiber Optics."
Among them are wave-
length-division multiplex-
ers, optical amplification systems, optical isolators
and circulators, reflective fiber gratings, single-mode
optical couplers, high-numerical-aperture silica fibers,
and 980-nm pump fiber pigtails. The brochure has a
pocket for data sheets with more detail on the indi-
vidual products.
For More Information Write In No. 821

" === Video Solutions for
; Science and
Industry

Cohu Inc. Electronics Division,
San Diego, CA, offers an 8-
page full-color 1996-97 prod-
uct catalog, "Advanced Video
Solutions for Science and
Industry.” It contains descrip-
tions and specifications for the company's lines of
monochrome interline-transfer and high-performance
color CCD cameras, digital output CCD cameras,
monochrome frame-transfer CCD cameras, digital
signal processing color cameras, and high-perfor-
mance monochrome and color interline-transfer CCD
cameras. Featured is the new 6600 series mono-
chrome progressive-scan CCD camera.
For More Information Write In No. 822

On-Site Vacuum
Technology
Training

MKS Instruments, Andover,
MA, has released a new guide
to its on-site training capabili-
ties. The full-color brochure
outlines standard course
offerings such as “Introduc-
tion to the Creation and Control of the Vacuum
Process Environment,” “Introduction to Vacuum
Gauging Techniques,” and “Introduction to Thermal
Mass Flow Controllers." MKS training programs are
tailored to each company's needs, using modules of
technical information, demonstration equipment, and
hands-on activities for problem-solving and trou-
bleshooting.
For More Information Write In No.

el
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Light Generation,
Dispersion,
Detection

A B7-page catalog from
Spectral Energy, West-
wood, NJ, sets out particu-
lars of its modular UV-VIS-
near-IR light systems, com-
prising arc lamps, hous-
ings, power supplies, solar
simulators, monochromators, photometers, and
monochromatic photodetection devices. The booklet
has sections on technical considerations relating to
ilumination systems and grating monochromators,
arc lamp specification and selection tables, a mono-
chromator selection guide, and product descriptions,
including the new FM-1 filter monochromator.
For More Information Write In No. 824
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Precision Optics
and Components

Rodenstock Precision Op-
5 tics, Rockford, IL, has issued
a 16-page full-color brochure
encompassing its laser, pho-
tographic, and x-ray lenses
and components. Lenses
include CCD, collimating/
focusing, copying, enlarg-
ing/reducing, f-theta, graphic arts, image scan-
ning/transfer, machine vision, and more. Components
include beamsplitters, domes, mirrors, prisms, reti-
cles, and windows. The brochure also describes the
company's design, assembly, inspection, and testing
methods.
For More Information Write In No. 825

R

www.nasatech.com

M Electronically
ZrammAme. Tunable Optical
Filters

From Queensgate Instruments,
East Meadow, NY, comes litera-
ture describing the QF and MF
series of MicroFilters™. These
electronically tunable fiber-pig-
tailed Fabry Perot fitters are for
the 1300- and 1550-nm communications bands. The
QF series is designed for wavelength division multiplex-
ing and fiber test instrumentation, where precise wave-
length tuning is required. It uses capacitance microme-
try for servo-stabilization of the transmitted wavelength.
The MF series, designed for wavelength selection and
filtering, operates from a +15-V power supply.

For More Information Write In No. 826
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m;thMmmmmhM&ﬂs For additional
information on any of the programs described here, send in the Information Request Form or contact
COSMIC directly.

If you don't find a program in this issue that meets your needs, visit the COSMIC World Wide Web
pages to browse the catalog for programs in your area of interest. The COSMIC Software Catalog is
available in print and free of charge on diskette, on-line, by E-mail, or FTP.

COSMIC is part of NASA's Technology Transfer Network.

Mathematics and
Information Sciences

RULER 2.0: Optimizing
Rules From Decision Trees

RULER 2.0 is an updated version of
the RULER computer program, which
generates classification rules in a
process that includes iterative genera-
tion of multiple decision trees by multiple
random sampling of subsets of a set of
training data. The basic idea is that a
decision tree contains a few good rules
plus many weak rules attributable to
random correlations that occur due to
rapid partitioning of the data, and there-
fore the “best” rules out of a large family
of trees are selected. RULER uses
TreeMaker (see the next article) as a rule
generator; it can also accept rules from
other sources, including human authors.
RULER 2.0 implements various deci-
sion-tree  algorithms available in
TreeMaker, then combines the rules
from each decision tree to form a set of
rules and conditions. Statistical tests of
relevance are used to prune out the less
relevant rules and conditions. A greedy
minimal-covering algorithm is used to
select a subset of the rules that cover
the training data. The result is an accu-
rate set of classification rules, typically
more compact and robust than the set
of rules generated by any single-tree
algorithm. RULER can be used in either
of two modes; a UNIX-command-iine
mode (convenient for scripts) and an
interactive mode, which provides a text-
based (ASCIl) menu interface for com-
patibility with a variety of platforms and
terminals. A graphical X-Window inter-
face is available for Sun workstations
under a separate release called X-
CLASS (see the following article).
RULER is applicable to many problems
in diagnosis, automated control, and
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recognition of events and objects. It has
already been applied successfully in
astronomy, in science data analysis, and
in industrial manufacturing settings.

This work was done by Usama M.
Fayyad of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 21 on the TSP
Request Card. NPO-19552

TreeMaker 4.0

TreeMaker 4.0 is an updated version
of the TreeMaker computer program,
which helps the user to produce deci-
sion-tree classifiers from training data.
Data are assumed to be in feature-vec-
tor format. Each feature (attribute) can
be either continuous or discrete (cate-
gorical). The class variable must be cat-
egorical. TreeMaker includes modified
versions of the commercially available
ID3 and C4.5 algorithms and offers
capabilities beyond those of the com-
mercial versions. The GID3* algorithm in
TreeMaker dynamically decides the val-
ues of a chosen attribute from which to
branch, rather than branching on all val-
ues, and thereby avoiding overbranch-
ing. The O-Btree algorithm in TreeMaker
uses a new family of selection measures
instead of the impurity (e.g., entropy)
measures in ID3. Another algorithm in
TreeMaker implements multiinterval dis-
cretization of continuous-valued attri-
butes rather than the binary discretiza-
tion in ID3 and C4.5. TreeMaker is also
capable of handling undefined values in
attributes. TreeMaker can be used in
either of two modes; a UNIX-command-
line mode (convenient for scripts) and an
interactive mode, which provides a text-
based (ASCIl) menu interface for com-
patibility with a variety of terminals. A
version of TreeMaker with a graphical X-
Windows interface, including tree-draw-
ing and analysis software tools is avail-
able for Sun workstations under a sepa-
rate release (see the next article).
TreeMaker is applicable to many prob-
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lems in diagnosis, automated control,
and recognition of events and objects. It
has already been applied successfully in
astronomy, in science data analysis, and
in industrial manufacturing settings.

This work was done by Usama M.
Fayyad of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 22 on the TSP
Request Card. NPO-19551

XClass

The XClass computer program
enables the user to produce decision
trees and classification rules from train-
ing data, using an X Window system
graphical user interface to the
TreeMaker and RULER programs (see
the two preceding articles). XClass con-
forms to the OPEN LOOK standard for
graphical user interfaces. XClass offers
several conveniences, including simulta-
neous use of both TreeMaker and
RULER, popup and pinnable windows,
and a logging facility for tracing and
recording classifier building, modifica-
tion, and classification operations.
XClass also includes graphics for draw-
ing trees and interactively influencing
tree induction. XClass input data are
assumed to be in feature-vector format.
Each feature (attribute) can be either
continuous or discrete (categorical). The
class variable must be categorical.
XClass is also capable of handling unde-
fined values in attributes. XClass pro-
vides access to the various decision-tree
algorithms available in TreeMaker, and to
the rule set-induction algorithms in
RULER. These algorithms produce
accurate sets of classification rules, typ-
ically more compact and robust than the
sets of rules generated by any single-
tree algorithm.

This work was done by Usama M.
Fayyad of Caltech for NASA's Jet Pro-
pulsion Laboratory. For further infor-
mation, write in 23 on the TSP Request
Card. NPO-19550
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@ Mechanics

Vibration-Damping Control via Extended-Horizon Liftings
Control gains are adjusted in a periodic manner.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A method of active suppression of
vibrations in a flexible structure is partic-
ularly well-suited to a structure in which
vibration sensors and vibration actuators
are not necessarily collocated. The
method involves periodic adjustment of
gains in a control subsystem as a way of
modulating control energy to higher fre-
qguencies and making the harmonics
add in such a way that the system (com-
prising the structure, sensors, actuators,
and control subsystem) appears to be of
minimum phase. The advantage of this
approach is that the system can be con-
trolled more effectively when minimum-
phase. The underlying mathematical
concepts can also be applied to enable
stable real-time equalization of commu-
nication channels.

A non-minimum-phase system arises
when one attempts to dampen vibra-
tions on a flexible structure by sensing
vibrations at one or more locations
remote from the actuator(s) (i.e., a non-
collocated source). Non-minimum-
phase systems also arise in connection
with efforts to control such diverse
processes and equipment as aircraft,
spacecraft, aiming instruments to track
moving objects, flexible robots, chemi-
cal processes, acoustical systems,
communication systems, compact-disk
drives, and floppy-disk drives.

Non-minimum-phase systems are dif-
ficult to control, and generally require the
use of low-bandwidth sluggish con-
trollers. The present method of control
makes a system act as though it were of
minimum phase; that is, it makes the
system move in the direction in which it
is pushed. In so doing, this method
enables the use of standard high-perfor-
mance minimum-phase control designs.

The theoretical basis of the present
method is a mathematical specialty
called “extended-horizon liftings.” As
used here, “litings” and “horizon” have
special meanings, as explained below. A
paper by R. Lozano published in 1989
presented a multirate-sampling method
that enables stable inversion of the
dynamical equations of any linear, time-
invariant, finite-order plant, regardless of
whether the plant (in this case, a struc-
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ture equipped with actuators and sen-
sors) is of minimum phase or nonmini-
mum phase. The general approach in
that method is based on a mathematical
“lifting” in which a serial-to-parallel con-
version is performed on the plant input
and output signals, the converted sig-
nals are vectorized, and mappings
between the vectorized quantities are
considered.

The key property of Lozano’s lifting

sion, using standard control methods, of
the dynamical equations of the lifted
plant. This lifting has also been applied
to developing stable adaptive control
algorithms for non-minimum-phase sys-
tems.

“Horizon” as used here denotes the
limits of the sampling period and thus the
number of time samples and the corre-
sponding dimensionality of the lifting.
The horizon in Lozano's lifting is of size
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With Active Damping by a control system

designed according to the method of extended-

horizon liftings, the vibrations are damped instantaneously after the first horizon.

that makes it so useful is that the trans-
mission zeros of the transfer function of
the lifted plant are annihilated (i.e.,
placed at the origin of the complex-fre-
quency plane). This zero-annihilation
property makes possible the stable
(from the perspective of control) inver-
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2n, where n is the plant order (the order
of the dynamical equations of the plant).
The mathematical derivation of the pres-
ent method involves generalization of
Lozano’s 2n lifting and showing this lifting
to be one in a large class of liftings that
exhibit the zero-annihilation property. The
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Controlled-Shape Multicell Inflatable Structures
Pressures in individual cells would be controlled to control overall shapes.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Inflatable structures of a proposed
type would contain multiple cells, each
of which could be inflated individually to
a controlled pressure. For example, a
lightweight, compactly storable reflector
for a microwave antenna or a solar-
energy receiver could be constructed as
an inflatable structure and the pressures
in the cells could be adjusted to main-
tain the required curvatures of the
reflector surface.

Inflatable structures containing muilti-
ple, individually inflatable cells have
been in commercial use for many years.
For example, multiple cells in blimps
and inflatable boats provide redundancy
to preserve flotation and some structur-
al rigidity in the event of leakage from
one or a few cells. The multiplicity of
cells would also afford such protective
redundancy in the proposed structures.
However, the primary reason for using
multiple cells in the proposed structures
would be to provide for systematic con-
trol of pressures in individual cells to
control overall shapes.

The figure presents examples of sim-
ple inflatable tubular beams partitioned
and differentially inflated to control
shape. In the beam containing a single
lengthwise partition, inflation of the top
cell to a pressure greater than that of

the bottom cell would make the beam
concave as viewed from below. In the
multiple-segment beam, more compli-

This work was done by Henry P. Diaz
and Gun-Shing Chen of Caltech for
NASA’s Jet Propulsion Laboratory.

P5<P3 -

P7 % Pa
BEAM WITH MULTIPLE CROSSWISE PARTITIONS AND
ONE LENGTHWISE PARTITION

The Shapes of Partitioned Inflatable Beams could be controlled by differential inflation of

the cells.

cated shapes with multiple bends could
be obtained by similar differential infla-
tion of top and bottom cells in the vari-
ous segments.

For further information, write in 39 on
the TSP Request Card.
NPO-19432

Ultrasonic High-Resolution Profilometry

This technique can be used as a rapid, nondestructive alternative to diamond-tip profilometry.
Lewis Research Center, Cleveland, Ohio

Ultrasonic high-resolution profilometry
is a technigue for scanning a plate speci-
men to map variations in its thickness or
surface height. In its scanning aspect,
ultrasonic high-resolution profilometry
resembles diamond-tip profilometry, in
which a diamond-tipped probe is
scanned across a specimen surface while
pressed against the surface with a pre-
scribed small force. However, ultrasonic
high-resolution profilometry offers two
important advantages: (1) In diamond-tip
profilometry, the dragging of the probe
can alter the surface, but in ultrasonic
high-resolution profilometry, the surface
remains unchanged because there is no
contact between it and the ultrasonic
probe, and (2) it takes much less time to
perform an ultrasonic scan than to map a
surface by diamond-tip profilometry.

86

Ultrasonic high-resolution profilometry
can be implemented with a convention-
al laboratory scanning ultrasonic appa-
ratus that includes a tank containing a
liquid (usually water) that serves as a
coupling medium, a probe containing a
focusing ultrasonic transducer mounted
on a translation stage above the liquid,
and electronic equipment for generating
and processing ultrasonic signals. The
specimen surface opposite the surface
to be mapped should be flat. A support-
ing plate that has flat, parallel surfaces
and that is somewhat larger than the
specimen is placed on the floor of the
tank. The specimen is laid with its flat
surface down on the supporting plate.
The coupling end of the ultrasonic probe
is immersed in the liquid and, by use of
the translation stage, is scanned in a

www.nasatech.com

horizontal plane above the specimen
and the supporting plate (see figure).

For each horizontal position (x,y) of
the ultrasonic probe, the signal-process-
ing equipment is used to measure the
time between transducer input and out-
put electronic pulses. The output pulses
selected are those resulting from the first
reflections of pulses of ultrasound back
toward the transducer. The vertical dis-
tance d(x,y) between the probe and the
specimen or supporting-plate surface
below the probe is then calculated
straightforwardly from

d(x.y) = Yvt(xy),

where v is the speed of sound in the liquid
and t(x,y) is the time taken by an ultrason-
ic pulse to make one round trip between
the ultrasonic probe and the surface at
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that position. Then the local thickness of
the specimen can be calculated from

d(X,y) = 1ZV[tO i t(X:,V)]-

where t, is the round-trip travel time
between the transducer and the support-
ing plate.

If the liquid in the tank is water, then
the temperature of the liquid should be
measured because the speed of sound
in water depends upon temperature. The
achievable horizontal resolution and ver-
tical (thickness) resolution depend on the
focal length, focal-spot size, and trans-
ducer frequency, which are related to
each other in known ways. A typical
transducer center frequency of 100 MHz
and focal length of 0.5 in. (12.7 mm) pro-
duces a focal spot 25 to 50 um wide,
and measurements made with this trans-
ducer should yield thickness data with
a resolution as fine as 7 um if time-of-
flight data are obtained with a 1-GHz
analog-to-digital sampling rate and data
are resolved using 8 bits. Such time-of-
flight data are obtainable with a commer-
cial ultrasonic scanning system. If a 16-
bit resolution is employed, thickness and
surface-depression resolutions can be
significantly increased.

This work was done by Don J. Roth of

Lewis Research Center. For further
information, write in 27 on the TSP
Request Card.

Inquiries concerning rights for the

commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16228.
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The Ultrasonic Probe Is Scanned across the specimen surface from above, without touch-
ing. The surface height and/or thickness of the specimen is calculated from ultrasonic-pulse

round-trip travel times.

Evolve Computer
Programs...

Solve Problems with €, an
Evolutionary Algorithm. e has been
used to solve difficult research problems for
the past five years and is now available to
the public for the first time. € is unlike any
other Genetic Algorithm because it will
evolve programs using only training data
with no initial assumptions about the form
of the solution. € also stores evolved code
in a library representing accumulated
learning for future problem solving.
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start, evolved at solution time
* Not a spreadsheet add-on
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Discover The Solution

... in C, FORTRAN,
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« Generates outputs as C,
FORTRAN, or Basic,
not just numbers

« Libraries of past learning used
for new problems

« Easy to understand and use

* Introductory Price $499 « C, FORTRAN, BASIC language pack $79
* FREE demo, just pay shipping

Let the power of € work for you

To order € or get a FREE DEMO please call
System Dynamics International at 1-800-792-9258
* 512 Rudder Road, St. Louis, MO 63026 ¢ sdi@mo.net *
http://www.mo.net/sdi »

For More Information Write In No. 416
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Fault-Tolerant Heat Exchanger
This heat exchanger could continue to function with two leaks.
Marshall Space Flight Center, Alabama

A design concept for fault-tolerant
two-fluid heat exchangers has been pro-
posed. More specifically, the concept
applies to a heat exchanger in which the
two fluids between which heat is
exchanged must be kept isolated from
each other for any of a variety of reasons.
Often in practice, the reason is that the
two fluids are circulated at different pres-
sures. Other reasons might include that
the fluids could chemically react with
each other and/or either or both fluid(s) is
(are) toxic alone or in combination.

Let the two heat-exchange fluids be
called fluid 1 and fluid 2. In a typical con-
ventional heat exchanger, flud 1 is
pumped through a pipe coiled inside a
tank that contains fluid 2. If a leak occurs
in the pipe, the two fluids begin to mix.
In the proposed heat exchanger (see fig-
ure), the simple pipe of the conventional
heat exchanger is replaced by three
concentric pipes, with fluid 1 flowing in
the inner pipe and two other fluids (fluids
3 and 4, which could be identical) in the
two surrounding pipes.

The fluids 3 and 4 would be required
to exhibit high effective thermal conduc-
tivity and to be chemically compatible
with fluids 1 and 2. They could be liquids
or gases at high pressure and could be
circulated or not circulated, depending
on specific design requirements. To
enhance the transfer of heat, the gaps
between the pipe walls could also be
partly filled with metal vanes, metal rods,
high-conductivity fibers, or high-con-
ductivity porous material.

The pressures of fluids 3 and 4 would
be monitored, and in normal operation,
these pressures would be maintained
greater than those of fluids 1 and 2.
Thus, in the event of a leak in the outer
pipe wall, fluid 4 would begin to flow into
fluid 2, and the leak could be detected
via a decrease in the reading of the fluid-
4 pressure gauge. Because fluids 2 and

4 would be compatible, heat-exchanger
operation could be safely continued for
a while. Similarly, in the event of a leak in
the inner pipe wall, fluid 3 would begin to
flow into fluid 1 and the reading of the

proposed heat exchanger would provide
indications of leaks and would be capa-
ble of operating, at least temporarily,
with leaks in any two of the three con-
centric pipe walls.

Tank

Pipe

/

¥

4—>Fluid 1 Out

Fluid 2 In —

Fluid 1 In —

—Fluid 2 Out

CONVENTIONAL HEAT EXCHANGER
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DETAIL OF PART OF PROPOSED HEAT EXCHANGER

Three Concentric Pipes and Two Pressure Gauges would add some complexity to a heat
exchanger, but would provide the ability to detect leaks and to continue operation for a while

in the presence of leaks.

fluid-3 pressure gauge would decrease.

A leak in the middle pipe wall would
result in mixing of fluids 3 and 4, and
could be detected if the set pressures of
fluids 3 and 4 were different. In this
event, the heat exchanger could contin-
ue in operation indefinitely because
there would still be no leakage path
between fluids 1 and 2. Thus, overall the

This work was done by Jon Brett
Holladay of Marshall Space Flight
Center. For further information, write in
13 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-31111.

Tetrahedral Lander Would Protect Against Impact
The proposed lander would be used instead of a parachute.
Lyndon B. Johnson Space Center, Houston, Texas

A proposed free-fall landing device
called a “tetrahedral lander” would
retard the descent of a person or object
and cushion the impact with the Earth.
Unlike in the case of a parachute, the
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person or object would not be sus-
pended vulnerably below the tetrahe-
dral lander during descent; instead, the
tetrahedral lander would surround the
person or object to protect it: a landing

www.nasatech.com

in a forested or rocky area would there-
by be made safer. Moreover, unlike in
the case of a parachute, there would be
no ropes or cables to become tangled.
Tetrahedral landers could be used for
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such tasks as dropping emergency sup-
plies, landing firefighters or soldiers, and
helping space vehicles return to Earth.

A tetrahedral lander would typically
consist of a central payload capsule to
hold the person or object, four inflatable
legs in a tetrahedral configuration, and
six triangular sails stretched between
the four legs (see figure). Once the land-
er was in free fall, the legs would be
inflated, deploying the sails between
them. The aerodynamic drag of the sails
would slow the descent. The legs would
absorb the impact on the ground or
body of water, and the lander would
eventually come to rest on three of its
legs. For additional absorption of
impact, the edges of the sails could be
equipped with dampers or deforming
elements.

After landing, the fourth leg would
stick up in the air. With three brightly col-
ored sails attached, it should be visible
to a recovery party. The sails could also
be aluminized to make them radar-
reflective. To keep the payload from
tumbling about during descent, the pay-
load could be held in a hemispherical
cup that would rest on bearings inside
the payload capsule.

This work was done by Michael
Roberts of Johnson Space Center.
For further information, write in 81 on
the TSP Request Card.

This invention has been patented by
NASA (U.S. Patent No. 5,265,829).
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-
22082.

Payload
Capsule

Inflatable
Leg /

Triangular Sail
(One of Six)

Sails Would Be Stretched between legs of
the tetrahedral lander. The person or pay-
load would ride in the payload capsule at
the center of the lander.
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Device for Leg Exercise in Low or Normal Gravitation
This device is lightweight and collapsible.
Ames Research Center, Moffett Field, California

A device provides for exercise with
adjustable resistance and oscillating
lower-body negative pressure. It exer-
cises large antigravity muscle groups in
the legs and back, in a manner similar to
that of a standing leg press. It is also
safe, inasmuch as the workload is con-
trolled and limited entirely by the user.
The device can be transported, stored,
and set up easily because it is light-
weight and collapsible.

The device was designed primarily for

Worn around the user’'s waist and
lower body, the device consists largely
of a bellowslike tube of rubberized can-
vas or other suitable material, reinforced
with a wire helix (see figure). A flat circu-
lar wall at the upper end of the tube
contains a large hole to accommodate
the user. An elastic collar around this
hole seals the upper end wall to the
user's waist. The user can grasp han-
dles on the upper end wall and/or can
be attached to the upper end wall by

flap closes on extension, so that the air
is forced to flow into the chamber
through the two-way valve. This valve is
adjusted so that the resistance to inflow
and the resulting suction in the air
chamber provide sufficient resistance
force on the upper end wall to simulate
the greater difficulty of the up stroke in
upright knee-bend exercise in normal
gravitation. Optionally, the check-valve
hole in the upper end wall can be omit-
ted, so that the adjustable two-way

The Air Chamber is Shortened and Lengthened by flexion and extension, respectively, of the user's legs. The resistance force is governed

by the valves on the upper end wall.

use in zero or reduced gravitation,
where the oscillating lower-body suction
approximates the oscillating pressure
gradients experienced during leg exer-
cise in an upright orientation in normal
gravitation and thereby helps to stimu-
late the flow of blood in the working
muscles. The device can also be used
in normal gravitation and may prove
useful for bedridden patients who must
exercise while supine; indeed, experi-
ments in which the utility of the device
was demonstrated were performed with
subjects supine to approximate the
effects of zero gravitation.

20

shoulder straps. Another flat circular
wall at the lower end of the tube
includes straps for the user’s feet on its
interior surface.

The space surrounded by the tube
and the end walls constitutes an air
chamber. An adjustable two-way valve
and a simple flap-type check valve are
mounted in the upper end wall
Together, these valves allow air to flow
out of the air chamber with relatively lit-
tle resistance during flexion of the legs,
thus simulating the relative ease of the
down stroke in upright knee-bend exer-
cise in normal gravitation. However, the

www.nasatech.com

valve offers resistance to flexion as well
as to extension.

This work was done by Donald E.
Watenpaugh at Ames Research
Center. For further information, write
in 87 on the TSP Request Card.

This invention has been patented by
NASA (U.S. Patent No. 5,356,361).
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-
13380.
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Multiple Fluidic Devices Provide Flow-Mixing Control
These phasing arrangements demonstrate the integration of fluidic devices.
Lewis Research Center, Cleveland, Ohio

Figure 1 illustrates an experimental
fluidic oscillator of the general type
known as “flip-flop nozzles.” Although
flip-flop nozzles have been known since
the 1970s, understanding of their oper-
ation is still incomplete. The current
device was constructed for use in
research directed toward improving
understanding of flip-flop nozzles. Their
eventual use will be to control practical
shear flows.

In this device, flow from the inner
nozzle, issuing between the two plates
of the nozzle attachment, could attach
itself to either wall due to the Coanda
effect. The equalization of pressure
through the feedback tube causes the
jet to detach from one wall and attach
to the other. Two of these fluidic
devices were interconnected and then
operated both in and out of phase.

The primary rectangular slot nozzie
has an equivalent diameter (D,) of 4.37
cm and an aspect ratio of 3. In experi-
ments, this nozzle was operated at an
exit velocity of 48.76 m/s, which corre-
sponds to a Reynolds number of
134,000. The fluidic (exciter) jet on
each side was located approximately
1.4D, away from the primary jet. The
centerline of each exciter jet was orient-
ed at an angle of 30° with respect to
the centerline of the main jet. The sup-
ply of air flowing through each fluidic jet
was approximately 12 percent of that
through the primary jet. The sinuous
mode was forced by operating the two
fluidic jets in phase, while the varicose
mode was forced by operating the flu-
idic jets out of phase.

Operating conditions and dimensions
for the primary and fluidic jets in the
experiments were deliberately selected
to match the fundamental oscillations
of the fluidic devices with the subhar-
monic of the preferred mode of oscilla-
tion of the primary jet; namely, the sub-
harmonic that corresponds to a
Strouhal number of 0.15. The fluidic
oscillations in question were at a funda-
mental frequency of 170 Hz and,
because of the on/off (square-wave)
behavior of such oscillations, also pro-
duced excitation at three higher har-
monics. The velocity spectrum ob-
tained under these conditions covered
the Strouhal-number range from 0.15
to 0.6. Flow-excitation levels were mea-
sured with a hot film probe located
downstream of the fluidic nozzle.

The nozzle-exit boundary layer for
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the primary nozzle, which is critical in
determining the evolution of the result-
ing jet, was found to be fully turbulent
(shape factor 1.56) with displacement
and momentum thicknesses of
0.02827D, and 0.01807D,, respective-
ly. When the jet was excited in either
sinuous or varicose mode, the state of
the nozzle-exit boundary layer showed
no appreciable change.

The experiments involved examina-
tion of the velocity field under two basic
conditions: (a) unforced rectangular jet
and (b) the jet forced in the sinuous and
varicose modes. The spread and decay

of velocity of the jet were found to
occur more rapidly in the forced than in
the unforced condition. Of particular
importance is the fact that in either
forcing mode, the jet was found to
spread more in the direction of its
longer dimension. Also, the centerline
velocity of the jet was found to decay
more rapidly in the forced than in the
unforced condition.

This research provides a unique
example of how multiple fluidic ele-
ments or subelements can be integrat-
ed into a system. This integration con-
cept could be adapted to other sys-
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The Single Fluidic Jet (left) and interconnected fluidic jets (right) are being used to control primary flow.

tems in industries such as electronics,
automobile engines, and environmental
control where mixing and overheating
control are desirable.

This work was done by Ganesh

Raman of NYMA, Inc., and David M.
Cornelius of Stanford University for
Lewis Research Center. For further
information, write in 68 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16100.

Adapter Converts Ultrasonic Imager to Eddy-Current Imager
The same mechanical system and electronics can be used for both types of imaging.
Goddard Space Flight Center, Greenbelt, Maryland

An eddy-current transducer is inter-
changeable with a standard ultrasonic
transducer. With the interchangeable
transducer, the same mechanical scan-
ning platform can be used for either
ultrasonic C-scan images or eddy-cur-
rent images for nondestructive evalua-
tion of materials and structures.

The eddy-current probe is housed in
an adapter that matches the standard
UHF connector of an ultrasonic trans-
ducer tube (see figure). The pencillike
probe fits inside the adapter and is
secured by a four-point-grip chuck. The
probe cable feeds through an opening in
the adapter and connects to the eddy-
current instrument. A spring holds the
probe on the specimen with the requisite
constant contact pressure.

If the eddy-current instrument is of an
analog type, its output can be directly
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connected to the same digital multime-
ter used for the ultrasonic instrument.
Then the same imaging electronics as
well as the same scanning mechanism

This work was done by Engmin
James Chern of Goddard Space Flight
Center. For further information, write in
19 on the TSP Request Card.

can be used for both eddy-current and GSC-13793
ultrasonic imaging.
Poly(tetrafluoroethylene)
Eddy-Current Probe Adapter B?dy and Sleeve Fit to UHF Connector

—_—
To Eddy-Current Instrument

An Adapter Body and Sleeve hold a four-jaw chuck, which in turn holds the eddy-current
probe. The spring exerts constant pressure on the probe so that it maintains adequate pres-

sure on the specimen for accurate imaging.
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Air-Augmented Supersonic Rocket
Combustion Booster

Atmospheric air would be mixed with partially burned products to

obtain further combustion.

Marshall Space Flight Center, Alabama

A proposed supersonic engine de-
signed to operate in air would incorpo-
rate an air-augmented afterburning fea-
ture to increase thrust without increasing
the expenditure of fuel or of oxidizer fluid
carried onboard. The basic idea is to
generate additional thrust by using a
flow of ambient air to burn the unburned
and partially burned constituents of the
gaseous stream of combustion prod-
ucts coming from the rocket combus-
tion chamber.

The afterburning feature would be
implemented in the engine nozzle, which
would include a port through which
oncoming air would be sucked into the
stream of gaseous combustion products.
The suction function and the configura-
tion of the nozzle would be similar to
those of steam-jet ejector nozzles used in
pumping and evacuation (see figure). The
resulting secondary combustion would
exhibit a slightly lower flame temperature
and specific impulse, but the mass flow
rate would be much greater, resulting in
considerably greater thrust.

This work was done by R. C. Bunker
of Thiokol Corp. for Marshall Space
Flight Center. For further information,
write in 85 on the TSP Request Card.
MFS-31119

fETTTTroeooon,

Ambient Air ——p

Rocket-Enging Gas -

Suction Gas

'Combustion Zone| Expansion Region

Mixing and

Mixing Section

AIR-AUGMENTED SUPERSONIC ROCKET COMBUSTION BOOSTER

Diffuser

T%

STEAM-JET EJECTOR

Air Would Be Drawn into the engine to complete the combustion of unburned and partially
burned constituents of rocket-engine gas. In its suction aspect, the air-augmented super-
sonic combustion booster would resemble a steam-jet ejector.

Piezoelectric Pumps Would Contain

No Sliding Parts

These pumps would feature low wear.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Miniature pumps of a proposed type
would contain no sliding parts and
would be piezoelectrically or elec-
trostrictively actuated. These pumps
could handle liquids and gases at low
temperatures, and would consume low
power. The lack of sliding would result in
minimal wear and should thus ensure

94

long operating lifetimes.

A typical pump of this type (see figure)
would include an inlet valve, a pair of
opposed pistons, and an outlet valve.
The valve and piston actuators would
contain stacked piezoelectric or elec-
trostrictive ceramic wafers. The voltages
applied to the actuators would be
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phased to make them operate in a
seguence to move a fluid from the inlet
to the outlet. Pressure sensors in the
pistons and valves would provide feed-
back for phase control. The pump would
not leak when turned off because when
no voltage was applied to the valve
actuators and pistons, both valves
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Contraction and Expansion of piezoelectric valve and piston actu-
ators in a controlled sequence would result in a pumping action.

would remain closed and the pistons would be pressed against
each other or it could be made to retain the position where one
valve is closed.

The actuation sequence would be as follows:
1.The outlet valve would be closed.
2.The pistons would be set at their widest separation.
3.The inlet valve would be opened, allowing some fluid to flow

into the gap between the pistons.
4.The inlet valve would be closed.
5.The outlet valve would be opened.
6.The pistons would be brought into contact with each other,

thereby pushing some fluid out through the open outlet valve.
7.The foregoing cycle would then be repeated.

Stacked piezoelectric wafers would be used instead of thick-
er piezoelectric blocks in order to obtain useful amounts of
piezoelectric contraction at applied potentials < 100 V. A typical
actuation range of 10 to 20 um could be realized, the exact
range depending on the piezoelectric material. In one example,
the gap between the pistons would be 40 pm with full voltage
applied. If the pistons were 25 mm in diameter, the displaced
volume would be 19.6 mm® per stroke. For a pump-cycle fre-
quency ranging from 1 to 10 kHz, the pumping rate would
range from 20 to 200 cm®/s.

This work was done by Yoseph Bar-Cohen of Caltech for
NASA’s Jet Propulsion Laboratory. For further information,
write in 53 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

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288
Refer to NPO-19792, volume and number of this NASA Tech
Briefs issue, and the page number.
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Backlash and cross-coupling can be eliminated.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The figure presents an example of a
type of multiple-link, cable-driven robot
arm that features revolute double joints
between the links. Typically, cable-drive
actuators are located in the base of a
robot, and some cables pass through
intermediate joints to remote joints. The
cables are thus analogous to tendons
that connect muscles in the forearm to
finger joints. The concept of multiple-link,
cable-driven robot arms is not new in
itself. In the present case, the innovation
lies in the particular class of double-joint-
ed kinematic arrangements. By suitable
kinematic design of cables, pulleys, and
other components, it is possible to
achieve a number of desirable charac-
teristics, including (a) low or no backlash,
(b) drive (torque) ratios other than 1, (c)
360° range of motion, (d) constant-length
paths for cables, and (e) the ability of
each intermediate joint to accommodate
cables that drive other joints, without
undesired cross-coupling between joints.

The input and output links shown in the
figure could be any two adjacent links
along a typical robot arm, the input link
being the one closer to the base that
contains the cable actuators. The dou-
ble-jointed connection between the links
is made via a pair of side struts. As is
readily apparent from the bottom part of
the figure, this connection is what makes
possible the 360° range of relative motion
between the links.

The two degrees of freedom of the
double joint are reduced to one by use of
two keying cables and keying pulleys.
Each keying cable is stretched taut on
the keying pulleys, with one end
anchored on one side in the input link, the
other end anchored on the opposite side
in the output link. Furthermore, the keying
cables cross each other between the
keying pulleys. Thus, as the links rotate,
each keying cable unwinds from one of
the keying pulleys while winding onto the
other keying pulley. The relative angular
motions of the links and side struts are
determined by the ratio between the
diameters of the keying pulleys. In princi-
ple, the kinematic effect of this arrange-
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ment is equivalent to that of two perfect-
ly meshing spur gears, each attached
rigidly to one of the links. Of course, spur
gears do not mesh perfectly in practice;
they are subject to backlash, whereas in
this arrangement, stretching the cables
taut eliminates backlash.

The joint is actuated by a pair of actu-
ation cables that run all the way from the
cable actuators in the base to anchors on
opposite sides of the output link. On the
way to the anchors, the actuation cables
pass over actuation pulleys mounted on
the same joint axes as those of the key-

Cables and Pulleys can be designed to obtain a compact drive mechanism with minimal
backlash, minimal cross-coupling between joints, and a 360° range of motion.

www,nasatech.com
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ing pulleys. These cables and pulleys also
function somewhat analogously to a spur-
gear drive. By suitable choice of different
diameters for the actuation pulleys in the
input and output links, one can obtain a
reduction in speed and increase in torque
characterized by the equivalent of a gear
ratio. This effect can be utilized to increase
the apparent stiffness of the joint while
making the joint more compact and mini-
mizing the lengths of cables. Shortening
the cables also helps to increase the
apparent stiffness.

The actuator cables that run to other
joints are the ones labeled “passing
cables” in the figure. These cables pass

over idler pulleys mounted on the same
joint axes with the other pulleys. The need
to prevent cross-coupling between joints
imposes two basic constraints on the
passing cables and idler pulleys: (1) Like
the keying cables, the passing cables
must cross over between the pulleys; and
(2) the ratio between the diameters of the
idler pulleys in the input and output links
must be the same as the corresponding
ratio for the keying pulleys.

This work was done by Timothy R.
Ohm of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 33 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:

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19361, volume and
number of this NASA Tech Briefs issue,
and the page number.

¥ Positioning Robot for Microsurgery: Introduction

This robot accomplishes precise relative positioning and orienting in six degrees of freedom.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A compact, lightweight positioning
robot has been developed for use in
microsurgery. The robot can function
throughout a large workspace, can bear
relatively large loads, and is capable of
precise relative positioning and orienting
in six degrees of freedom. The control

system of the robot implements a kine-
matic-based algorithm unique to the
geometry of the robot, and incorporates
electronic circuitry of novel design that
helps to ensure safe operation.

The robot includes a torso and an arm
with a shoulder, an elbow, and a nonin-

tersecting three-axis wrist. The arm is
approximately 1 in. (2.5 cm) in diameter
and, when fully extended, about 10 in.
(26 cm) long. Actuation of the arm is
based on miniature three-axis joints,
antibacklash gear trains, and tendonlike
cable-drive mechanisms that, together,

PRECISION DECISION...

Choose Nook for a complete line of smooth running,
precision grade, ball screws and nuts producing
high efficiency linear travel.
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achieve nearly zero backlash, constant-cable-length excur-

sions, and minimized coupling between joints. The current

design enables relative positioning of tools to within 25 um.

Each antibacklash gear train features dual independent trans-
mission paths that are mechanically coupled at the input and
output only; this concept is explained more fully in the following
article. The three-axis wrist joint, based on the Ross-Hime
Designs OMNI-WRIST, (described more fully in the second fol-
lowing article) accommodates pitch, yaw, and roll motions that
are completely mechanically decoupled from each other and
operate throughout a hemisphere. In combination with the
shoulder and elbow joints, the wrist joint provides capability for a
large work volume, as well as low friction, small size, light weight,
and high stiffness. The shoulder and elbow joints provide 360° of
motion, and tendons can pass through either of these joints to
joints farther out, without coupling to the joints through which
they pass. This joint design was described more fully in “Double-
Jointed, Cable-Driven Robot Arms” (NPO-19361) on page 1b.

The electronic circuity in the control system includes a com-
putational subsystem and a servocontrol subsystem that use a
programmable logic device to control power and braking relays
through an optically isolated interface. The system provides
detection of faults and recovery from errors. Commercial prod-
ucts, including industry-standard interfaces, were used to
enable rapid construction of prototypes of the computational
and servocontrol subsystems.

The computational control software and hardware include
graphical-user-interface software that resides on a UNIX work-
station, which also serves as host to VxWorks real-time-control-
environment software. The VxWorks-based control functions
are, in turn, implemented on an MC68040 processor board
installed in a VersaModule Eurocard (VME) chassis.

A Delta Tau Delta Systems PMAC board controls the motion
of the robot in its six degrees of freedom by directly reading out-
puts from sensors on the robot and driving amplifiers that, in
turn, drive motors that produce the motions. The graphical user
interface provides the following control modes:

e A manual joint-control mode, in which the user can com-
mand motions in individual joints by selecting buttons in a
control window;

* An autonomous joint-control mode, in which the control sys-
tem demonstrates the workspace of the robot;

* A manual teleoperation mode, in which the user controls the
robot through a mouse or by using a spaceball input device
to move the robot in all six degrees of freedom simultane-
ously; and

¢ An autonomous world-space control mode, in which the con-
trol system moves the end effector (the robot hand) sinu-
soidally about one or more Cartesian axes simultaneously.
This work was done by Timothy Ohm, Curtis Boswell, Hari

Das, Eric Paljug, Guillermo Rodriguez, Paul Schenker, Sukhan

Lee, and Ed Barlow of Caltech, and Steve Charles of MDS, Inc.,

for NASA’s Jet Propulsion Laboratory. For further informa-

tion, write in 100 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:

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19512, volume and number of this NASA Tech
Briefs issue, and the page number.
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Positioning Robot for Microsurgery:

Antibacklash Drive

Two independent transmission paths are joined at the input

and output ends only.

NASA's Jet Propulsion Laboratory, Pasadena, California

Antibacklash gear-train/cable drives
actuate the joints of the robot described
in the preceding article. These drives offer
several advantages over conventional
antibacklash drives, especially as regards
the costs of components and the time
spent performing preload adjustments.

A typical conventional antibacklash
drive includes commercially available
antibacklash gears, which are pairs of
identical gears that must be preloaded
against each other. A separate preload
adjustment must be performed at each
and every stage of the drive train; this is a
disadvantage where the gear ratio, and
thus the number of stages, is large.
Moreover, conventional antibacklash
gears are relatively expensive and avail-
able in a limited selection of sizes.

A drive of the present type (see figure)
does not contain conventional antiback-
lash gears; instead, it comprises two inde-
pendent drive trains that contain ordinary
gears, and that are coupled at their input
and output ends only. The task of preload-
ing is greatly simplified in that all stages can
be preloaded in a single adjustment,
regardless of the number of stages.

The motor at the input end drives a pin-
ion that drives both of the independent
first-stage gears. A second-stage pinion is
attached to each of the first-stage gears
and drives one of the two independent
second-stage gears. A cable spool at-
tached to each second-stage gear drives
one of the two cables, which pass to a
common output spool, completing the
third stage.

To preload the system, one disen-
gages the motor from the first-stage
gears, so these gears can then be
counterrotated relative to each other.
This rotation and the resulting preload
are then passed from stage to stage
until the cables become tensioned.
Moreover, because the preload is
passed from one stage to the next, the
value of the preload is proportional to
the stage ratio, as is desirable for maxi-
mum mechanical efficiency. When the
desired preload tension is achieved, the
motor is simply reengaged with the first-
stage gears, thereby locking the pre-
load. Although this scheme is shown
here with three stages, it is applicable to
any number of stages.

This work was done by Timothy R.
Ohm of Caltech for NASA’'s Jet
Propulsion Laboratory. For further
information, write in 83 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:

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19523, volume and
number of this NASA Tech Briefs issue,
and the page number.

Third Stage

/(Cable Dnve)\ i

This Antibacklash Drive contains two independent drive trains that are preloaded against
each other. The preload adjustment is simpler than in a conventional antibacklash drive train.
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Positioning Robot for Microsurgery:
Three-Axis Wrist Joint

Modifications of a prior design reduce size, weight, and backlash.
NASA's Jet Propulsion Laboratory, Pasadena, California

The figure shows a miniature three-
axis wrist joint that was developed to
satisfy the special requirements for the
microsurgical positioning robot de-
scribed in the preceding two articles. The
requirements include light weight, com-
pactness, large work volume, decoupling
among the rotations about the three
axes, low stiction, low backlash, high
stiffness, high strength-to-weight ratio,
and amenability to cable (tendon drive).

This wrist joint is a modified version of
a patented commercial unit that provides
motion free of singularities, along with the
desired large work volume and decou-
pling among the rotations about the three
axes. This design of this joint is kinemati-
cally identical to that of the commercial
version, but incorporates modifications to
reduce size and weight, minimize back-
lash, and add tendon drive.

The commercial unit has a diameter of
about 6 in. (15 cm), a mass of about 20
b 9 kg), and a rated payload force of
about 25 Ib (111 N). The present wrist
joint functions throughout the same work
volume (a hemisphere of motion) as that
of the commercial unit but has a diame-
ter of about 1 in. (2.5 cm), a mass of 3 oz
(85 g), and a rated payload torque of
about 3 Ib-in. (0.34 N-m). This reduction
in size and mass, while retaining consid-
erable load capacity, was achieved
through the structural modifications dis-
cussed below.

The major sources of backlash in the
output of the commercial unit were mini-
mized. These sources are in bails that
guide an output shaft in one axis, in two
coupled universal joints, and in two bear-
ing rings to which actuators are attached.
The source in the bails can be reduced
only by careful fabrication. The source
in the coupled universal joints comes
from a clearance in the gear teeth that
perform the coupling. The modified de-
sign replaces these gear teeth with pre-
loaded tendons, completely eliminating
backlash from this source. The source in
the bearing rings was eliminated by
implementing opposing tendons to drive
the joint, thereby automatically preload-
ing the bearing rings. The commercial
unit operates with push/pull actuators
arranged such that bearing play is in
series with the actuators and does not
preload them. The modifications yield
zero backlash in motions about two of

8b

the three axes, with minimal backlash in
motion about the third axis.

The tendon drive was incorporated into
the modified design to enable the use of
remote actuators (that is, actuator motors
and gears in a torsolike body at the base
of the robot arm). For this purpose, the
commercial unit was modified by replac-
ing asymmetric linear actuators on the
pitch and yaw axes with fully symmetri-

This Three-Axis Robot Wrist is based on a prior design, with modifications to reduce size,

weight, and backlash.

cal linear carriages that are positioned
by use of a tendon drive of a block-and-
tackle style. This drive includes a 2:1 force
multiplier that counteracts a 2:1 force
divider inherent to the kinematic concept.
The linear carriages both (1) actuate the
bearing rings to which they are attached,
and (2) align the bearings. The inclusion
of the 2:1 force multiplier multiplies the
stiffness of the joint by a factor of 4. In
the roll axis, a geared motor drive of the
commercial unit is replaced with an
antibacklash tendon drive.

Structural modifications that accom-
pany the modifications of the drive
mechanisms have also resulted in signif-
icant reductions in weight, size, and fab-
rication costs. Because the linear car-
riages align the bearing rings, the bails

www.nasatech.com

and guides of the commercial unit are
eliminated; this alone reduces the
weight of the joint by 50 percent,
decreases the diameter of the joint by
about 20 percent, reduces the fabrica-
tion cost by about 20 percent, and
almost eliminates friction. Actuator rods
must now be attached with a ball joint
instead of a pin joint, but this is a sim-
ple modification.

This work was done by Timothy R.
Ohm of Caltech 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 concern-
ing rights for its commercial use should
be addressed to:

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19524, volume and
number of this NASA Tech Briefs issue,
and the page number.
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Positioning Robot for Microsurgery: Conclusion

An illustration and further details are presented.

NASA’s Jet Propulsion Laboratory, Pasadena, California

This is the last in the present series of articles on the micro-
surgical robot with tendon-driven shoulder, elbow, and wrist
joints. The main purpose of this article is to present a few addi-
tional details that are significant but do not lie within the scope
of the preceding, similarly titled articles, which emphasize
selected parts of the robot.

The figure shows some aspects of the mechanical layout,
approximately to scale. The robot includes a manipulator arm
with a single-axis shoulder joint connected to a torsolike body
through a single-axis rotary torso joint. The arm also includes a
single-axis elbow joint and a three-axis wrist joint. Thus, alto-
gether, there are six degrees of freedom. For more information
about the joints and the cable (tendon) drives used to actuate
them, the reader is referred to the preceding articles in this
series and to “Double-Jointed, Cable-Driven Robot Arms”
(NPO-19361), on page 1b.

The following features are particularly relevant to the micro-
surgical application:
¢ The electromechanical components, including the motors

and joint-angle encoders, can be removed easily and quick-

ly for sterilization in an autoclave.

¢ The tip of the arm can exert a force of 3 Ib (13 N) in any di-
rection with a stiffness of about 15 Ib/in. (2.6 kN/m).

¢ Subject to considerations of force and stiffness, the tip of
the arm can be positioned within a distance of 10 ym of

a location specified relative to an initial position.
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This work was done by Timothy R. Ohm of Caltech for
NASA’s Jet Propulsion Laboratory. For further information,
write in 84 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:

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19525, volume and number of this NASA Tech
Briefs issue, and the page number.
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The Positioning Robot features tendon (cable)-driven joints. The
motors and gears for the antibacklash cable drives are located in the
torso and are shown here only schematically.

NASA Tech Briefs, October 1996
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% High-Torque Ultrasonic Motors

Tandem motors with redesigned actuators produce more torque.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Motors that comprise multiple ultra-
sonic piezoelectric motors in tandem are
undergoing development. Each com-
ponent ultrasonic motor features a drive
ring (stator) segmented into multiple
stacks of piezoelectric wafers. Such a
drive ring produces a torque greater
than that produced by the single-piezo-
electric-wafer drive ring in a typical ultra-
sonic motor of older design. Combining
motors in tandem on a single shaft in a
single package makes it possible to
multiply torque. Motors of this type are
prototypes of lightweight, high-torque
motors suitable for use as robotic actu-
ators, whereas older ultrasonic motors
are limited to such low-torque applica-
tions as watches and cameras. More-
over, in comparison with older ultrasonic
motors, motors of this type can be mass-
produced more easily and at lower cost.

Like older ultrasonic motors, these
motors consume little power, inherent-
ly brake when power is turned off,
respond quickly, and operate quietly.
Each drive ring in a motor of this type
contains a number of piezoelectric actu-
ator stacks positioned at equal circum-
ferential intervals in the required pole
sequence (see figure). As in an older
piezoelectric motor, the drive ring makes
contact with a rotor disk attached to a
shaft, piezoelectrically driven waves on
the surface of the stator travel circumfer-
entially, and these waves drive the rotor
via frictional contact at the crests of the
waves. Each actuator stack contains 30
or more piezoelectric layers. When ener-
gized by an applied potential of typically
< 100 V, the layers of the stack collec-
tively produce a total piezoelectric dis-
placement of 10 to 20 um — consider-
ably more than the displacement obtain-
able from a single-layer piezoelectric
actuator of equivalent thickness at the

COMPONENT MOTOR (EXPLODED VIEW)

SECTION A-A
MAGNIFIED

Piezoelectric
Actuator Stack

Stator

MOTORS COMBINED IN TANDEM

Piezoelectric Actuator Stacks on the drive ring (stator) of each component motor generate
an ultrasonic wave that travels around the drive ring, which is in contact with a rotor disk.
Several such motors are combined in tandem to obtain high torque.

same applied voltage. The motor torque
is enhanced accordingly.

When multiple component motors are
combined into a single package to obtain
a high-torque motor, all of the drive rings
share the same housings, all the rotor
disks are connected to the same shaft,
and only two end bearings are needed to
support the shaft, as in a conventional
motor. The combined motors also share
wiring. Thus, the size and weight of the
package is less than that of the multiple,
individually packaged motors that would
otherwise be needed to produce the same
torque. Moreover, the redundancy of the
multiple component motors affords some
protection against failure of one of them.

This work was done by Yoseph Bar-
Cohen and Shyh-Shiuh Lih of Caltech

and Willem A. Grandia of QMI for
NASA’s Jet Propulsion Laboratory.
For further information, write in 98 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:

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19835, volume and
number of this NASA Tech Briefs issue,
and the page number.

Telemanipulator With Anthropomorphic

Master and Slave Hands
The robot hand is controlled via a force-sensing and -reflecting glove.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

The figure shows the key mechanical
parts of an experimental telemanipula-
tion system with anthropomorphic mas-
ter and slave hands mounted on nonan-
thropomorphic master and slave arms.

12b

The robot hand (the slave hand) shown
at the left functions much like a remote
extension of the hand of the human con-
trol operator. By use of the force-sensing
and position-reflecting exoskeletal de-

www.nasatech.com

vice (the master glove) shown at the
right, the operator’s hand exerts control
over finger and wrist motions and forces
of the slave hand. The master glove is
mounted on the last gimbal axis of a six-

NASA Tech Briefs, October 1996



STEPPER MOTORS

MAKE GREAT
BOAT ANCHORS

REPLACE THAT OBSOLETE
STEPPER WITH A MITSUBISHI
MR-C SERVO SYSTEM

If you're using a 5 phase or a micro stepper system,
it’s a good time to find some new uses for it, because
the Mitsubishi MR-C Servo will make it a relic.
Almost twice as fast, the MR-C will dramatically
improve performance and throughput at an uncom-
monly low price. No longer deal with monstrous,
oversized motors. Realize significant savings in
panel space and save big bucks. And if we haven't
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Of Motion Control” yet.. how about a peak torque
capability that provides an added boost to overcome
changes in load fluctuations... or real-time adaptive
tuning control that eliminates the need for

FREE beta software
when your purchase
the serial adapter.
Be up and running
for set-up and rest in
just 5 minutes.

gain adjustments... and full closed loop, integral
encoder feedback for the ultimate peace-of-mind.
Consider the advantages of Mitsubishi’s MR-C Servo
System. And, if you're not in need of a boat anchor,
you can always put your stepper system where you
stored your first computer.
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INDUSTRIAL AUTOMATION DIVISION
Phone: (800) 445-4496 - In Canada call: (905) 475-7935
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The Human Operator Controls the Robot
Hand via force and position sensors in the
master glove.

degree-of-freedom force-reflecting hand
controller (the master arm). This arrange-
ment makes it possible to map the man-
ipulative capabilities of the human hand
to the anthropomorphic robot hand with-
out having to attach an inconvenient
exoskeletal master arm to the operator’'s
arm to derive control signals for the robot
arm. The telemanipulator system in-
cludes a distributed, high-performance
computer-based control system featuring
custom-developed “intelligent” joint-
actuator controllers built around digital
signal-processing integrated circuits.

When the operator’s hand is inside the
master glove, the force-reflecting master
arm measures the motion of the opera-
tor's arm indirectly in that it measures the
motion of the base on which the master
glove is mounted. The control system
converts these measurements into com-
mands for the corresponding motion of
the slave arm. The control system in-
cludes an active electromechanical
compliance (AEC) subsystem that pro-
vides both position and stiffness control,
equivalent to the dual position/control
function of muscles. The control system
provides automatic hybrid position/force
control and compliance control of the
robot. Compliance deflection sensors
detect slight joint deflections that signi-
fy contact between the robot hand and
an external object, prompting the sys-
tem to switch from the position-control
mode to the force-control mode.

The master glove includes position
and force sensors that enable hybrid
position/force and compliance control of
the robot hand. The glove contains 16
joints, all of which are instrumented.
Remotely located actuators mechanical-
ly linked to the glove through cables pro-
vide position feedback for all 16 joints. A
one-to-one kinematic mapping exists
between the master glove and all of the
slave-hand finger joints except those of
the thumb; this reduces the computa-
tional efforts and the complexity of the
part of the control system devoted to the
terminus devices (the master glove and
slave hand). The exception to direct map-
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ping is that between the thumb base
joints; this mapping involves kinematic
transformations. The system is said to
operate in a “terminus control mode.”
What this means is that the anthropomor-
phic terminus devices are regarded as
belonging to a terminus subsystem that is
treated somewhat differently from, but
nevertheless integrated with, the rest of
the manipulator system.

The fingers of the robot hand are
sized and shaped similarly to those of a
large male human hand, and its joints
are capable of angular displacements
similar to those of the corresponding
human joints. As in the master glove, all

joints are mechanically linked to remote
actuators via cables. Each finger is con-
trolled by its own AEC subsystem,
enabling humanlike soft grasping. The
kinematics of the robot hand are similar
to those of a human hand, enabling
such functions as manipulation of tools
under the operator’s control via the
master glove.

This work was done by Antal K.
Bejczy, Bruno Jau, and Murray A. Lewis
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 111 on the TSP Request Card.
NPO-19479
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controls company, headquar-
tered in Valencia, California, with
a long history as a supplier of
hydraulic servoactuators,
servovalves, and associated
electronics. For the past few
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PC-Based Controller for a Dexterous Robot Arm
The computer is relieved of joint servo loops, freeing computing resources for other uses.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A control system for a seven-degree-
of-freedom robot arm performs the
functions of force-control trajectory
generation, graphical simulation, and
operator interface. Heretofore, a rather
expensive computer would have been a
necessary part of a control system
capable of performing all of these func-
tions. However, the present system is
designed to require only a personal

computer as its host processor; this is
achieved by an integrated approach to
the hardware and software aspects of
the design. Among other things, the
design of the present control system
takes advantage of a state-of-the-art
robot that includes its own servo con-
troller electronic circuitry; some of this
circuitry is embedded in its arm, while
the rest is housed in an external control

Motion Control

Advanced Design
Superior
Performance

A World Leader in Servovalve
Technology Since 1954

PHONE (805) 294-6000 FAX (805) 259-9622

For More Information Write In No. 852

unit. The design of the robot makes it
possible to remove the computational
burden of all joint servo loops from the
control-system computer, thus freeing
computing resources that can be used
to support an open control architecture
and a graphical operator interface.

In addition to the personal computer,
the robot arm, and the robot control
unit, the system hardware (see figure)
includes a six-axis force-and-torque
(FT) sensor, an FT processor, and a
graphical processor. The system also
includes two video monitors — one
connected to the personal computer,
the other connected to the graphical
processor for displaying the results of
the simulation. The personal comput-
er is connected to the bus of the robot
control unit via a bus extender that
provides a high-speed bidirectional
shared-memory interface by mapping
the memory locations used by the con-
trol-unit bus directly into the memory
space of the computer.

The personal computer is equipped
with a 486DX2, 66-MHz microproces-
sor, 11 MB of random-access memory
(RAM), and serial and parallel input/out-
put ports for exchanging data with the
FT and graphical processors. The
unusual choice of memory space is a
tradeoff between the memory space
addressable by the bus extender and a
1-MB minimum RAM increment al-
lowed by the computer hardware.

The graphical processor implements
the graphical part of the operator inter-
face. The graphical processor is de-
signed as a 486DX4, 100-MHz single-
board computer external to the person-
al computer with a dedicated video
monitor because of limitations imposed
by the speed of the central processing
unit (CPU) of the personal computer
and by real-time software, as explained
below. The single-board computer is
configured with 16 MB of RAM and 1
MB of local video memory. The person-
al computer and graphical processor
communicate via an RS232 serial port.
Motions can be simulated and dis-
played in real time.

The system software includes the
iRMX® operating system, which pro-
vides a real-time multitasking environ-
ment in which Windows™ and DOS
can be executed as separate tasks.
Because the memory-management
aspect of iRMX@ requires the CPU in
protected mode, Windows™ can run
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only in standard mode, with reduced
memory space and limited display
capabilities. This conflicts with the need
for Windows™ operating in enhanced
mode to obtain a display of high quality,
thus giving rise to the need for the
graphical processor. For the foregoing
plus other reasons, the system software
utilizes only a few features of iIRMX®,
and is designed to be easily portable to
other real-time computing environ-
ments. The software uses a program-
mable interval counter of a complemen-
tary oxide/semiconductor (CMOQOS)
memory chip in the personal computer
as the real-time clock of the control
loop. The timer produces a hardware
interrupt that neither interferes with the
personal computer clock nor incurs any
iRMX® overhead. The position-control
part of the software is executed every

2.5 ms; an interval of 125 ys was cho-

sen to ensure stability within the posi-

tion-control cycle and prompt acquisi-
tion of FT data.

The software is divided into parts,
called “tasks,” that correspond to the
tasks that those parts perform:

*The main task handles housekeeping
functions and dispatching of messages
to the other tasks.

*The operator-interface task handles
the command menus and displays the
trajectory parameters.

*The control task performs the trajec-
tory-generation and kinematic com-
putations (including processing of FT
data for force control), and is activat-
ed directly by the hardware interrupt.

. The trajectory-generating algorithms
are based on the configuration-con-

FT Sensor

Robot Arm

Robot Control

Motor Power

FT Processor

Parallel
Input/Output

Unit (Including
Power Electronics)

Bus Extender

Graphical

Serial Input/Output

Processor

This Robot-Control System features an integrated hardware/software design, with posi-
tion- and force-control algorithms based on the configuration-control concept.

trol concept (discussed in numerous
prior articles in NASA Tech Briefs), in
which redundant degrees of freedom
are exploited to achieve control
objectives beyond the placement of
the robot hand at the desired position
and orientation.

This work was done by Paolo Fiorini,
Homayoun Seraji, and Mark Long of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 102 on the TSP Request Card.
NPO-19876

Induction Motor

@ Voltage-Fed Inverter for Control of Synchronous

Transistors in this three-phase circuit would conduct during intervals up to 180°.
Lyndon B. Johnson Space Center, Houston, Texas

A proposed voltage-fed inverter cir-
cuit would supply power from a dc
source to a three-phase synchronous
induction ac motor. The circuit would
provide control of the motor current
(and, thereby, the motor torque) via a
modified timed-switching scheme that
differs from the more conventional
scheme, in which each transistor is
turned on during an electrical-phase-
and-rotation interval of 120°. In the
modified scheme, each transistor would
be on during an electrical-phase-and-
rotation interval of 180°. With respect to
the conventional scheme, the modified
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scheme would extend the power deliv-
erable to a given motor at a given dc
supply voltage by a factor of 1.32.

The figure shows essential features
of the circuit. The table in the figure
shows which transistors would be on
during each 60° interval of a full 360°
cycle in which full power is applied to
the motor: at any given instant, three
transistors would be on. Each transistor
would be on continuously for three suc-
cessive intervals of 60° each. The “on”
intervals of the transistors would be
staggered among the six transistors in
such a pattern that each motor terminal

www.nasatech.com

(A, B, C) would be connected alternate-
ly to the positive and negative sides of
the power supply for intervals of 180°,
and the electrical phases at the three
terminals would be staggered by 120°.

The modified control scheme can be
understood as a departure from the full-
power operation described above. The
torque and power could be reduced
during each 60° interval by turning off,
during a portion of that interval,
whichever transistor would otherwise
be the sole “on” transistor connected
to either the positive or the negative
side of the power supply. For example,

NASA Tech Briefs, October 1996
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MOTION SOLU-
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The 122-page escap® Prod-
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e technical
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brushless DC motors, and
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during the interval of 120° to 180°, one
could reduce power by turning off tran-
sistor Q,, which would otherwise be
“on”" and the sole transistor conducting

power capability. An additional advan-
tage of this scheme is that it decreas-
es (in comparison with the 120°
scheme) the distortion of voltages and

|+

Three-Phase Synchronous Motor

Intervals Transistors On Polarities at Terminals
A B c
0° to 60° Qq, Qg, Qg e +
60° to 120° Qy, Qg, Qp . =
120° to 180° Q. Q3, Q + 7 %
180° to 240° Q4. Q3. Qp e =
240° to 300° Q. Q3. Qg - + +
300° to 360° Q. Qq, Qg e -

Each Transistor Would Be On during a maximum continuous interval of 180°, instead of
120° as in more conventional motor-control inverters.

current between the motor (via the C
terminal) and the negative side of the
power supply.

Each time a transistor was thus turned
off when it would otherwise be on in full-
power operation, a three-phase short
circuit would occur at the motor termi-
nals. For example, when Q. was turned
off in the example above, the current from
motor terminal C would be diverted
through diode Ds back to the positive
side of the power supply, to which termi-
nals A and B would also be connected
via transistors Q; and Qa, respectively.
During each such short-circuit interval,
the current in each phase would be
reduced.

This control scheme could be the
basis of the design of a new inverter cir-
cuit or of the modification of an existing
120° voltage-fed inverter to extend its

www.nasatech.com

currents at high powers, thereby
increasing the efficiency of the motor.

This work was done by Carol Oxim-
berg of Allied-Signal Aerospace Co. for
Johnson Space Center. No further
documentation is available.

Title to this invention, covered by
U.S. Patent No. 5,463,300 has been
waived under the provisions of the
National Aeronautics and Space Act
{42 U.S.C. 2457 (f)}. Inquiries concern-
ing licenses for its commercial devel-
opment should be addressed to:

Allied Signal Aerospace, Co.

Attn: Carol Oximberg

2525 West 190th St.

Torrance, CA 90504

(310) 512-4117

Refer to MSC-21981, volume and
number of this NASA Tech Briefs issue,
and the page number.
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» High-Sensitivity, Absolute Optoelectronic

Linear-Position Encoder
This encoder measures absolute position as well as small

increments of position.

Goddard Space Flight Center, Greenbelt, Maryland

New optoelectronic linear-position
encoders have been derived from
recent advances in linear charge-cou-
pled-device (CCD) array photodetec-
tors, which have very small individual
analog picture elements (pixels) num-
bering in several thousands. These
devices make it possible to measure
not only absolute position but also very

—-

Source of First Object
Light Motion _/ second
Object

Linear Array of CCDs

Figure 1. The Microprocessor Calculates
the Position of the Centroid of the spot of
light on the CCD array, to an accuracy of
0.005 pixel or even better.

small changes in position over a dis-

tance of almost 3 in. (7 cm). A repre-

sentative encoder of this type includes

a compact light source, attached to a

moving object, which projects a small

spot of light onto a linear CCD array,
attached to a second object, where the
array is oriented along the direction of
relative motion of the two objects (see

Figure 1).

Light-intensity values for the light
spot for each light-sensing pixel of the
CCD detector are recorded by a micro-
processor through the use of a high-
speed analog-to-digital converter. The
microprocessor computes the centroid
or “center of mass” of the light spot,
which provides a direct measure of the
position of the moving object with
respect to the stationary object.

Figure 2 shows six types of misalign-
ments, of which the following three
introduce negligible errors in the posi-
tion of the centroid:

» |ateral shift — offset in the y direction,
perpendicular to the direction of
motion;

¢ Separation — a change in the distance
in the z direction between the source
of light and the array;

NASA Tech Briefs, October 1996

¢ Roll — rotation of the array about the
X axis.

Three other kinds of misalignments

can be neutralized by calibration:

* Wedge misalignment — rotation
about the y axis;

¢ Longitudinal offset — error in the
starting x position;

e Twist — rotation of the array about
the z axis; the error is very nearly
proportional to the twist angle.
Because the output of an encoder

of this type is based on the computa-

tion of the centroid of the light spot
rather than on the locations of the
edges or peak intensity of the spot,
the position of the spot can be
resolved to far better than the size of
individual CCD pixels. Positional sen-
sitivity of about 50 nm has been
demonstrated in the laboratory using

a 5,000-pixel CCD with 7-pm-wide

pixels. This compares favorably with

the best laser-ranging interferome-

ters, which have resolutions of 5 to 25

nm. However, unlike this CCD-based

encoder, the laser ranging interferom-
eter provides only incremental mea-
surements, which must be tracked
continuously to ensure accuracies of
computed absolute positions and is
not tolerant of interruptions of either
power or of its laser beam. Further,
the correctness of position informa-
tion from the laser interferometer
depends on the temperature and
humidity of the air column traversed
by the interferometric beam, which
complicates its operation and affects
its accuracy.

This work was done by Douglas B.
Leviton of Goddard Space Flight
Center. For further information, write
in 71 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, Goddard Space
Flight Center; (301) 286-7351. Refer to
GSC-13562.

z
k y Longitudinal
Offset
. L
o .::’

Figure 2. Some of These Misalignments Introduce Errors; others do not. For those that do,

the errors can be corrected by calibration.

www.nasatech.com
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Microwave-Load Positioner Made From
a Garage-Door Opener

A repetitive-positioning problem is solved inexpensively.
NASA's Jet Propulsion Laboratory, Pasadena, California

A commercial motorized-screw-drive
garage-door opener has been modified
for use as a linear actuator for repeti-
tive positioning of a microwave ambi-
ent-temperature aperture load over a
microwave feed horn, and might be
useful in other applications in which
similar repetitive positioning is needed.
Previously, it was necessary for one
technician standing on a ladder to alter-
nately hold the microwave aperture
load in place over the feed-horn aper-
ture (see figure), then remove the load
from over the aperture while another
technician took calibration measure-
ments. The modified garage-door open-
er provides an inexpensive and simple
solution to the repetitive-positioning

problem, making it unnecessary to
expose one of two technicians to the
risk and fatigue of working on the ladder;
a single technician can readily take the
measurements and control the linear
actuator. Moreover, the linear actuator
lends itself well to use in automated
and/or remotely controlled microwave
calibration measurements.

In constructing the linear actuator, the
garage-door opener was modified in the
following ways: (1) the range of travel
was reduced by cutting the drive
assembly with a hacksaw; (2) the limit
switches were repositioned for the
reduced range; (3) the radio-frequency-
control circuit was disconnected and the
manual controls extended; and (4) the

garage-door safety interlock was dis-
abled. A 555 timer integrated circuit was
added to provide the pulses needed to
control the motor-drive circuit.

To facilitate the use of the linear actu-
ator on microwave horns of different
heights, a portable, adjustable height-
stand was fabricated, and the modified
screw-drive assembly was attached to
it. In use, the aperture load is attached
to a cantilever bracket driven by the
screw-drive mechanism.

This work was done by Jason J.
Kovatch of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 91 on the TSP
Request Card. NPO-19454

OLD: MANUAL POSITIONING

Ambient-Temperature
Aperture Load

Shortened M
Screw Drive
of Garage-Door

Opener

Microwave
Low-Noise-
Amplifier
Assembly

Adjustable

NEW: POSITIONING DONE BY
LINEAR ACTUATOR

Height

The Portable Linear Actuator made from a commercial garage-door opener makes it unnecessary for a technician standing on a ladder to
repeatedly position a microwave ambient-temperature aperture load.
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SPECIAL ADVERTISING SUPPLEMENT TO NASA TECH BRIEFS

PARKER HANNIFIN CORP., COMPUMOTOR DIVISION

Compumotor: A Pioneer in Microstepping and Servo Motor Technologies

sive applications software.
Parker Hannifin’s acquisi-
tion of Compumotor in
1986 fostered  break-
throughs in servo technolo-
gy, followed by AC brush-
less drives, DSP servo con-
troller techniques, and smart
drive controller combina-
tions. Today, after a decade

lncorporated in 1979, Com-

pumotor 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 exten-

of innovation, Compumotor is
among the largest service-oriented
and most technologically ad-
vanced suppliers of electronic
motion controls in the world.

The Complete Solution

We provide more than just the
products necessary for today’s
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 is
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 experience
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., Compumotor
Division, 5500 Business Park Drive,
Robnert Park, CA 94928.

For More Information Write In No. 861

PACIFIC SCIENTIFIC’S
AUTOMATION TECHNOLOGY GROUP

The Automation Technology
Group was formed in 1995 to
coordinate Pacific Scientific’s

overall business in electric
motors, drives, controls, and
control  system  integration.

Consisting of four operating
groups — three in the U.S. and
one in Germany - this organiza-
tion further strengthens Pacific
Scientific’s market leadership in
motion control products for
industrial automation.

Key markets and applications
served are medical diagnostic
equipment, factory automation,
packaging machinery, semicon-
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ductor, electronics manufactur-
ing, plastic extruding, and gener-
al manufacturing equipment.

The Motor Products Division
produces a broad variety of stan-
dard and custom high-perfor-
mance motors, including brush-
less servomotors, hybrid step
motors and permanent magnet
DC motors. New brushless servo
Sentry™ Series and Powerpac™
step motors provide the highest
torques per frame size in the
industry.

The Motion Technology Di-
vision produces a complete line
of brushless servo and step motor

drives to precisely control motor
torque, speed and shaft position.
They recently introduced their
SC950 programmable, single-
axis, digital brushless servo drive
and 6440 microstepping index-
er/driver.

The Automation Intelligence
Division designs multi-axis con-
trollers for brushless and stepper
drives to control the precise
movement of multiple motors
used in demanding automation
equipment applications. They
also design, build and install cus-
tom, turnkey machine control
automation systems.

Bautz provides application
engineering and is the sales office
for all products and services in
Germany.

For mare information, contact
Pacific  Scientifics  Automation
Technology Group, 110 Fordham
Road, Wilmington, MA 01887; Tel:
508-988-9800; Fax: 508-988-9940.
For More Information Write In No. 865
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NSK CORPORATION,

NSK Corporation is a
world-class manufacturer of

precision motion control
components and systems.
Product offerings include

high-precision direct drive
rotary and linear motors, X-Y
stages, high-speed indexers,
ball screws, and linear ball
bearing guides. The Precision
Products Division is a leading
U.S. supplier of high-quality
and high-accuracy mechani-
cal and mechatronic compo-
nents to many industries.
Precise  positioning s
achieved with both the direct
drive YS Series MegaTorque®
Motor System and linear Y
Series MegaThrust Motor

System. The MegaTorque
rotary positioner is a direct
drive DC brushless servo that
provides high speed and
extremely accurate positioning
capabilities. Gearless design
means zero backlash, micron
level positioning, and mainte-
nance-free operation. Perma-
nently lubricated bearings can

handle axial loads up to 4000
Ibs. The system provides high
reliability and comes in a variety
of sizes and models including
waterproof styles. Up to 360
ft./Ib. of torque, speeds as high as
180 rpm, and resolution of 2.1
arc/sec. It provides ideal motion

control for robots, indexers, auto-
matic assembly, and machining
applications.

The YS Series comes complete
with interchangeable motor, pro-
grammable driver, and cables. It
is equipped with an RS-232C
interface to make programming

PRECISION PRODUCTS DIVISION

simple and convenient. A
hand pendant is used to input
parameters and programs for
the first time or if the motor is
not connected to a personal
computer.

The MegaThrust Motor is a
linear positioner that incorpo-
rates the same principles of
the MegaTorque motor. Direct
drive eliminates backlash
and loss of accuracy com-
mon in mechanical designs.
Standard, multi-function digi-
tal servo driver can be inter-
faced with a variety of remote
components and controllers
for sophisticated sequencing.
Motor generates up to 132
Ibs. of force with speeds up to
71 in/sec. with +1 micron
repeatability. Effective stroke
lengths up to 100 ft.

For more information, contact NSK
Corporation,  Precision  Products
Division, 250 Covington Dr.,
Bloomingdale, IL 60108; Tel: 800-
255-4773; Fax: 603-924-8197.

For More Information Write In No. 862

KOLLMORGEN MOTION TECHNOLOGIES GROUP

New Kollmorgen SERVOSTAR™ Drives Multiple Motor Types

machine tool,
packaging, con-
verting, textile,
electronic as-
sembly, docu-
ment handling,
and  defense
applications.
Offered  with
current ratings
from 3 to 55

SERVOSTAR is a compact,
low-cost, digital servo amplifier
that can operate a wide variety of
Kollmorgen brushless motor
types, simplifying specification,
installation, and operation in sin-
gle- or multi-axis motion control

systems.
Carroll Wontrop, Product
Marketing Manager, says

“SERVOSTAR's advanced control
algorithms allow one amplifier to
provide optimum machine per-
formance with a wide variety of
Kollmorgen motor types. This
reduces design time, inventory,
and training costs.”

SERVOSTAR is well-suited for
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amps, feedback options in-
clude resolver and encoder
with Hall effect sensors. Four
power supplies with output
power ratings from 0.65 to 22.5
kWatts are matched to the ampli-
fier series.

SERVOSTAR utilizes an intu-
itive windows set-up environ-
ment called MOTIONLINK™,
MOTIONLINK allows the user to
setup and monitor the system by
selecting options from a menu.
Wontrop also adds, “MOTION-
LINK includes an auto setup
feature that walks the user
through setup to have their sys-
tem up and running fast.” Simple

or advanced control algorithms
may be selected.

Maximum system performance
is achieved when the SER-
VOSTAR is matched with a
Kollmorgen motor:

SERVOSTAR and the Koll-
morgen GOLDLINE™ Series
are designed for rugged indus-
trial environments. Kollmorgen
GOLDLINE brushless servomo-
tors with IP65 sealing offer con-
tinuous stall torque from 0.62 to
80.0 Ib-ft. The motors are UL-
classified and are available in
low inertia, medium inertia, and
explosion-proof designs.

SERVOSTAR and the Koll-
morgen SILVERLINE™ Series
are designed for light indus-
trial environments. Mechanically
equivalent to NEMA size 23 and
34 step motors, Kollmorgen SIL-
VERLINE series offers a versatile,
reliable, and cost-efficient servo
solution. These motors offer con-
tinuous stall torque from 58.8 to
768 oz-in.

SERVOSTAR and the Koll-

morgen Direct Drive RBE Series
streamlines machine designs,
eliminates mechanical transmis-
sions, and provides faster accel-
erations and zero backlash for
excellent position control. The
Kollmorgen RBE Series offers
continuous stall torque from 1.49
oz-in. to 28.9 Ib-ft.

SERVOSTAR and the Koll-
morgen Brushless ServoDisc
Platinum XT Series offer continu-
ous stall torque from 83 to 388
oz-in. These motion systems are
ideally suited for applications
where a flat package is important
and ultra-smooth speed and
torque control are required.

Kollmorgen Motion Tech-
nologies Group is a leading inter-
national manufacturer of preci-
sion motion control products.
Kollmorgen is traded publicly on
the New York Stock Exchange
(KOL).

For more information, call 800-77-

SERVO or fax to 540-731-0847.
For More Information Write In No. 860
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MITSUBISHI ELECTRONICS AMERICA, INC.

MR-C High-Performance, Low-Cost Micro-Servo Drive

Mitsubishi Electronics’ new MR-
C brushless servo system is a high-
function, economical alternative to
5-phase or microstepping drives.
The compact size and low cost of
this new series of servo motors and
amplifiers virtually eliminate the
need for stepper drives.

To improve the performance
and meet the increasing demands
of positioning applications, stepper
manufacturers have added en-
coders and features such as damp-

ing and viscosity con-
trol — essentially pseu-
do-like “servo” capa-
bilities, but without all
the benefits of precise
servo control. Con-
versely, Mitsubishi was
able to develop a servo
package that is easy to
use, low cost, and
extremely compact, yet
still offers advanced
servo functions that tra-
ditional stepper drives
will never be able to
offer.

Smallest Amplifier Yet

By incorporating a new minia-
turized intelligent power module
with a single microchip processing
unit (CPU), Mitsubishi has pro-
duced its smallest sized servo
amplifier yet. The two amplifiers,
100 and 200 Watts, are available
in single-phase, 110 and 230 VAC
versions. They are only 1.57 inch-
es wide, 5.12 inches high, and
3.94 inches deep, allowing cus-

tomers to mount more units in
smaller spaces.

The new MR-C servo motors
include advantages of innovative
technologies in all three areas of
motor design. The encoder is
reduced in size by eliminating one
of two printed circuit boards. Rotors
produce more power in smaller
packages by using neodymium-
iron-boron magnets. Stators are spe-
cially constructed to produce even
more power than before. The small-
est motor, 30 Watts and 300 RPMs,
is only 1.57 inches in diameter and
3.56 inches long.

The MR-C has 100% torque
from zero to almost 4,500 RPM,
and 400% torque available from O
to almost 4,500 RPMs. This superi-
or torque capability allows the MR-
C to far surpass the ability of step-
pers to accelerate and especially
decelerate from any speed.

The hardware platform is the
same powerful 32-bit reduced
instruction set microprocessor
(RISC) used in Mitsubishi’s higher
function MR-H servo drive, and pro-

vides high performance with a fre-
quency response range of 200 Hz.

The patented real-time adaptive
control scheme is the heart of the
system'’s operation, eliminating the
need for any retuning following a
load change. Using a 32-bit RISC
processor, the algorithm provides
an advanced servo that responds to
the diverse and demanding needs
of the motion control market.
Compared to traditional systems,
which required constant adjust-
ment by hand, the MR-C servo
amplifier offers a unique and effi-
cient alternative,

As a bonus, an optional RS-
232C interface kit allows use of an
optional Windows-based software
package that allows you to diag-
nose the drive and display wave-
forms from your PC.

For more information, contact
Mitsubishi Electronics America, Inc.,
800 Biermann Ct., Mt. Prospect, IL
60056-2173; Tel: 708-298-9223; Fax:
708-298-0567.

For More Information Write In No. 863

PORTESCAP US, INC.

From mind to motion.

Founded in 1931 in La Chaux-
de-Fonds, Switzerland, as
Universal Escapement Ltd., the
company was until the end of the
50s, devoted exclusively to the
manufacture of products for the
clock- and watch-making indus-
try. The most famous product was
the Incabloc® shock absorber for
mechanical wrist watches. In
1963, the company name was
changed to Portescap. From the
start, innovation, progress, and
the mastering of microtechnology
led to numerous developments in
new, emerging markets. With
modern technologies and out-
standing products, Portescap has
become one of the world’s lead-
ing specialists in the field of high
performance electromechanical
drive systems.

As a result of modern micro-
technology escap® Ironless
Rotor DC motors, Disc Magnet
Stepper Motors, and their com-
plementary products such as
gearboxes, tachometers, optical
and magnetic incremental en-
coders and motor drive circuits
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provide an extensive range of
motion control solutions. Through
continuous research and develop-
ment, they satisfy the numerous
requirements of an ever-faster-
moving industrial world.

There are always certain spe-
cific problems which require a
fully custom-made solution. With
its knowledge of electronics, elec-
tromagnetism, and high precision
micromechanics, Portescap, wor-

escap Microstepping Drivers

king closely with the customer, is
able to develop solutions to meet
individual needs.

Portescap products are found
in such state-of-the-art applica-
tions as:

* Medical equipment and

instrumentation

* Automation, robotics

e Industrial and analytical

instrumentation

* Data processing and office

equipment

* Telecommunications

* Avionics, aerospace

¢ Automobiles

* Environmental control

systems

¢ Audio, video

* Security systems

* Defense systems

* Machine tools

For more information, contact
Portescap US, Inc., 36 Central Ave.,
Hauppauge, NY 11788; Tel: 516-234-
3900; Fax: 516-234-3986; E-mail:
escap @interserv.com; http://www.porte
scap.com.

For More Information Write In No. 864
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ROCKWELL AUTOMATION/ELECTRO-CRAFT

Rockwell Automation announces the introduction of a new Electro-Craft brand drive product.

The BRU-Series Advantage
Line family of universal drives
has been extended to include
three new micro versions. With
the addition of the micro drives,
Rockwell Automation/Electro-
Craft becomes the first U.S. man-
ufacturer of a compact digital
servo drive. This highly anticipat-
ed entry into the Japanese-domi-
nated market for fully functional
small servo drives places the
Advantage Line in front when
graded on performance, func-
tionality, and ease-of-use.

The new Advantage Line
micro-size drives pack virtually
the same functionality and per-
formance of its larger counter-
parts into a package 25% of their
volume. With BRU Master, its
Windows-based software, or the
optional TouchPad MMI, the
Advantage Line can be config-
ured to accept a variety of control
commands. These include analog
velocity input, preset velocities
and positions, step and direction,
master encoder following and

direct digital commands via the
serial port using the Advantage
Line host language. The small
size and exceptional perfor-
mance make it an attractive solu-
tion for traditional servo markets
and a high-performance alterna-
tive for stepper applications.

The BRU-Series Advantage
Line drives, now available in
seven power ratings from 0.5kW
to 7.5kW, are designed for relia-
bility and performance by mak-
ing extensive use of large-scale
integration with third-generation
intelligent power modules and

Attention Managers of Small High-Tech Businesses

(Up To 500 Employees):

high-density custom ASICs. Ad-
vanced multi-processing pro-
vides leading-edge velocity loop
update rates and all digital cur-
rent, velocity and position loops,
and an advanced, low-speed
control algorithm. BRU Master,
the Advantage Line’s productivity
tool, is not only an effective setup
interface, but it also provides a
comprehensive set of diagnostic
and system integration tools, data
displays such as on-screen digi-
tal oscilloscope, quick set-up
screens, and on-line help. With
UL and C-UL listings, and the CE
mark for compliance with the
European Directives, the BRU-
Series Advantage Line is a drive
family that is designed for global
markets to meet global standards.

For more information, contact
Rockwell Automation/Electro-Craft,
6950 Washington Ave. South, Eden
Prairie, MN 55344; Tel: 612-942-
3789; Fax: 612-942-3711.

For More Information Write In No. 866

The Federal GQovernment

Wants To Invest $1 Billion

In Your R&D Ideas.

The U.S. Government will award thousands of R&D grants to innovative
companies like yours in 1997. How can you apply? What does it take to win? Find out
this fall at the National SBIR (Small Business Innovation Research) Conference:

Crystal City, VA

October 28-30,

1996

Anaheim, CA

November

135-15,

1996

Program managers from every SBIR-sponsoring agency/department, and
the Small Business Administration
Large firms looking for partners and subcontractors
Grantees who have turned SBIR innovations into profitable products.

For more information,

call (360) 683-5742;

fax (360) 685-5391 ;

or visit the SBIR Home Fage: www.zyn.com/sbir,




Manufacturing/Fabrication

Improved Plasma-Spraying Thermal-Barrier

Coating Technique

Low-pressure inert-gas plasma spraying results in less spalling and longer life.
Marshall Space Flight Center, Alabama

A vacuum plasma-spraying process
(more precisely, a low-pressure argon
plasma-spraying process) applies im-
proved thermal-barrier coatings to tur-
bine blades. A coating of this type (see
figure) comprises (a) a thermal-barrier
layer of 92 weight percent ZO, mixed
with 8 weight percent Y,0; on top of (b)
a bonding layer of NiCrAlY. These ther-
mal-barrier coatings have been devel-
oped for the turbine blades of the high-
pressure fuel turbopump of the main
engine of the space shuttle; they could
also be used to prolong the service lives
of turbine blades and other thermally
stressed components in terrestrial gas
turbines, jet engines, and automotive
engines.

Prior to the development of the pres-
ent vacuum plasma-spraying process,
the thermal-barrier coatings in the space

shuttle application were applied in an air
plasma-spraying process. The coatings
were observed to spall after limited num-
bers of engine start/stop thermal tran-
sients. Coatings applied by the vacuum
plasma-spraying process endured five
times as many cycles. The early spalling
in the case of the air-plasma-sprayed
coatings has been attributed to the for-
mation of oxides at the surfaces of the
blades and throughout the NiCrAlY lay-
ers. The oxides are brittle and weak,
leading to premature failure of entire
coatings.

Such oxidation does not occur in the
vacuum plasma-spraying process. Be-
cause the powders used in the vacuum
plasma-spray process are finer than
those used in the air plasma-spraying
process, the vacuum-plasma-sprayed
coatings are less rough. As a result, tur-

bine efficiencies are improved and rates
of heat transfer to the coated turbine
blades are reduced. The vacuum plas-
ma-spraying process also enables the
use of preheated substrates (the turbine
blades) and of negative-transfer-arc
cleaning of the substrates prior to depo-
sition to achieve dense, strongly bonded
coatings (see figure).

This work was done by Richard
Holmes and Frank Zimmerman of
Marshall Space Flight Center and
Timothy N. McKechnie of Piasma
Processes, Inc. For further information,
write in 32 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-30081.

MAR-M-246+Hf

CARBIDES = ' & TURBINE BLADE

A. LOW PRESSURE PLASMA SPRAY

NiCrAl PROTECTIVE COATING — 154x MAGNIFICATION

Note: Nickel Electroplate Added For Analysis Purposes Only

B. ATMOSPHERIC PLASMA SPRAY — SSME BASELINE

This Photomicrograph Shows a Cross Section of a thermal-barrier coating that was (a) vacuum plasma sprayed onto a turbine blade made
of MAR-M-246+Hf alloy and (b) air plasma sprayed on the same alloy.

NASA Tech Briefs, October 1996
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Eliminating Greasing of Steel Parts for Storage

The subsequent use of harmful degreasing solvents can be
minimized or eliminated.

Marshall Space Flight Center, Alabama

Experiments have shown that in at
least some applications, specially de-
signed flexible covers can prevent rust-
ing of steel parts in storage. Thus, the
covers eliminate the need for the tradi-
tional technique of coating steel parts
with grease to protect them against cor-
rosion during storage. In so doing, the
covers also reduce or eliminate the need
for harmful degreasing solvents like
1,1,1-trichloroethane to remove grease
after storage in preparation for painting,
application of adhesives, or other subse-
quent treatment.

In the original application for which
the technique of using the covers was
devised, the steel parts are compo-
nents of rocket-motor cases that are
undergoing refurbishment. In this appli-
cation, the covers are used to store the
parts between grit blasting and subse-
quent painting and bonding processes.

¢ " A Flexible Cover prevents rusting of a large steel cylinder (part of the case of a solid-fuel rocket
A cover is fitted on the part (see figure)  motor) by enclosing it in dry air.

WELCOME TO THE EXACTIME" ZONE

The ExacTime GPS Time & Frequency Processor
breaks performance and price barriers!
ExacTime combines a new low-cost rubidium oscillator with
Datum’s proven GPS technology to deliver incredibly accurate
time and frequency references. Compared to slow “learning”
algorithms used in quartz systems, the Rb-based ExacTime
rapidly locks to GPS and maintains accuracy over a wide range
of temperature and aging. Stop sacrificing accuracy for price!
ExacTime is priced below our competitors’ less accurate
quartz products.

Take your next project into the ExacTime Zone!
Contact 1-800-348-0648, e-mail us at sales@datum.com, or
visit us on the Web at www.datum.com/exactime.html
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Verir
Clean with
confidence.

Vertrel® cleaning agents replace HCFC-141b, PFCs and CFCs
so you can clean safely and easily with confidence.

DuPont Vertrel® is specially designed to replace
ozone-depleting solvents. You'll use this versatile
family of cleaning agents with confidence, thanks
to strong performance and ease of conversion in a
variety of applications.

Vertrel® cleaning agents deliver the broadest
array of cleaning characteristics, facilitating the use
of vapor degreaser technology in precision specialty
cleaning applications.

Vertrel' HFC Applications

XF+
MCA SMT XP-10 Surfuctant

XF XM XE

Advanced DuPont HFC-4310 technology
allows the versatile Vertrel® family of replacement
cleaning solvents to offer exceptional cleaning
performance in an environmentally acceptable
formulation. Vertrel® is safe to use because of
its low toxicity and nonflammability.

Vertrel®— the effective and easy-to-implement
choice in replacement cleaning agents. To learn
more about the DuPont Vertrel® cleaning agent that
is right for your application, call 1-800-441-9281.

Vertrel

Only by DuPont

For More Information Write In No. 627



New McgNe’r 0.2

ELECTROMAGNETICS ANALYSIS SOFTWARE

Fast 2D and 3D electromagnetic simulation for
Windows™ and UNIX, from Infolytica. New
MagNet 5.2 includes neural network-based
solutions, LDCG solutions, the Open Boundary
Technique, “tunable Maxwell stress" force
calculations, and improved file management.
Call now for free brochure and demo

> Neural network meshing and 2D/3D adaption

> 3D transient and eddy current solutions

{> Variable element orders in 2D and 3D

> 2D/3D modular upgrades

{> Full scripting for parametrization/optimization

{> Professional training and support

£
T ATOIOR S mr_m Taduciion b anise sisplaion

INFOLYTICA: the e-m specialists

@UWN‘I

1el {514} 849«8752 fox {514] 8494239

fast ELECTROMAGNETICS

Save prOTOTYPING TiME And cosTS
with Infolyrica’s Gemini and MagNer
2D and 7D producrs on PCs &
UNIX plarforms.

H 4 123-583-3298 fox 44 123-583-3141
JAPAN - ADTECH Comorafion
fel. (03) 5276:5291 fax (03) 52765293

nfolyiica

VOILATOANI wou

For More Information Write In No. 422

NOTHING
ELECTRICITY

JUST SPRAY
ITONAND
WIPE IT OUT.

IMINATES STATIC
IKE STATICIDE!

Static electricity can wipe out
your profits in an instant.

Staticide is a long-term topical
anti-stat that prevents costly damage
caused by static charge build-up.

Ideal for use in electronic production
areas, just spray or wipe Staticide on any surface
where static is generated. Completely non-toxic,
biodegradable and humidity independent, Staticide
is a cleaner as well as an anti-stat.

Don't let static electricity threaten your business.
Order Staticide today.

£ .
acLStaticide

Specialists in Static Control

1960 E. Devon Ave., Elk Grove Village, IL60007 1S O 9002 b
1-800-782-8420 Fax: (847) 981-9278  Reg. to: ACL Inc. Cert. No. A3656
g-mail: info@aclstaticide.com Web address: http.//www.aclstaticide.com

®
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and purged with dry air. A desiccant inside the cover absorbs
moisture during storage.

This work was done by Neil W. Sagers of Thiokol Corp. for
Marshall Space Flight Center. For further information, write
in 77 on the TSP Request Card.

MFS-31000

Analyzing Data From

On-Machine Inspection

Software automatically processes data from
many machines.

Marshall Space Flight Center, Alabama

A modified version of the GEOMET 300/PC* computer pro-
gram collects dimensional inspection data from a group of
machine tools, analyzes the data, and presents the analyses in
a standardized format. The data are generated during on-
machine inspection, in which electronic touch probes measure
the coordinates of points on the surface of a workpiece while
the workpiece is still on the machine tool (see figure). The soft-
ware eliminates the need for manual calculations and makes it
unnecessary to develop special software to analyze dimension-
al inspection data for each distinct workpiece size and shape.

The software implements a data format that ensures that a
data file that pertains to a given workpiece contains enough
information to enable completion of an analysis cycle, without
intervention by a machine operator or an inspector. The soft-
ware also ensures that the data remain traceable, even if part of
the overall machining/inspection/computing system should fail.

The software was installed in a 386 personal computer con-
nected to a factory distributed-numerical-control computer net-
work so that it can communicate with computers on the shop
floor and with the network file server. Coordinate data are
uploaded from each machine tool to the file server. A control
program detects the presence of new data on the file server
and orders the execution of GEOMET 300/PC, indicating to the
386 personal computer the name of the set of data, the inspec-
tion program to be used, and the destination for the results of
the analysis. (Usually, the results are sent to the inspector on

A Touch Probe on a machine tool measures the positions and diam-
eters of drill pilot holes on a workpiece.

NASA Tech Briefs, October 1996



the shop floor, but interested engineers
can also request the results through the
network file server.) With the control pro-

gram running continuously, analyses are
performed automatically.

* “GEOMET” and “GEOMET 300/PC"
are registered trademarks of the
GEOMET SYSTEMS Software Division of
Helmel Engineering Products, Inc.

This work was done by Thomas A.

Koehnlein of Rockwell International Corp.
for Marshall Space Flight Center. For
further information, write in 73 on the
TSP Request Card.

MFS-30007

Closing Out Edges of Fibrous Silica Insulating Blankets

Surface fabrics or foils are attached to segmented ceramic frames.
Ames Research Center, Moffett Field, California

In an improved method of finishing the
edges of thermally insulating blankets
made largely or entirely of fibrous silica,
surface fabric, or foil layers are attached
to segmented ceramic frames. Typically,
such a blanket includes a fabric or foil
layer on one surface designed to be
exposed to high temperature, a bulk fill-
ing of fibrous material, and a fabric layer
on the opposite, cooler surface, which is
designed to be adjacent to an object to
be protected against high temperature.

In the prior method of finishing (closing
out) the edges of such a blanket, flaps of
the fabric iayer of the surface designed to
be hotter in use were wrapped around
the edges of the blanket onto the fabric
layer of the surface designed to be cool-
er in use; in the overlap, the two fabrics
were either stitched together or bonded
by use of a flexible adhesive like room-
temperature-vulcanizing (RTV) silicone
rubber. In comparison with the prior
method, the improved method offers bet-
ter edge definition plus reduced flow of
heat from the hotter to the colder surface
in a convective environment. Moreover,
the segmentation of the frame enables
the blanket to retain much of its flexibility.

Figure 1 illustrates a version of the
method that is suitable for a blanket with
a metal foil layer on the surface designed
to be hotter in use, and a ceramic fabric
layer on the surface designed to be cold-
er. The segments of the frame are prefer-
ably machined from tiles of a fibrous
refractory composite insulating material.
Prior to attachment of the blanket, a pro-
tective ceramic material that contains
colloidal silica is applied to the segments
of the frame and baked on. This coating
provides (1) densification to enhance the
subsequent attachment of the fabric sur-
face layer(s) with an adhesive and (2)
increases the thermal emittance of the
exposed exterior portions of the frame.

In preparation for insertion of the blan-
ket in the frame, a peripheral strip of the
bulk fibrous filling is removed to expose
edge strips of the foil and fabric surface
layers. The bottom surface of the frame
is coated with RTV or other suitable fiex-
ible adhesive, placed around the blan-
ket, and pushed down onto the edge
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strip of fabric with a pressure of about 3
psi (21 kPa). After the adhesive has
cured, clips made of a metal alloy com-

patible with the foil are inserted in
grooves on the frame segments to hold
the foil in place by pushing it against the

RUSSIA'S SECRET TEC
REVEALED

With the Cold War over and Iron Curain “lft
making available a treasure of previously-classified
produasdzvdopedfonpw,mﬂimu;l
programs in the former Soviet Union.

Youmnduwvcrthem

Russian Tech Briefs has exclusive first publi
RSA’s research labs and contractors...proven,
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it features inside information on Russia's space pla
advice on doing business in the Russian marker; a
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NEW MASTER BOND ONE COMPONENT
FLEXIBLE EPOXY ADHESIVE/SEALANT
WITHSTANDS 450°-500°F

Master Bond EP36 features high strength and a 114.7% elongation

When it comes to combining flexibility with high tem-
perature resistance, Master Bond EP36 is truly in a class by
itself. No other commercial epoxy resin system comes even
close. This one component epoxy resin compound has elec-
trical and thermal properties to fully meet Class H insulation
requirements and doesn't embrittle even when exposed to
high temperatures for prolonged periods of time. Additionally,
it exhibits high mechanical strength properties plus outstand-
ing resistance to both mechanical impact and thermal shock
from as high as +500°F to as low as -80°F! And if that isn't
enough - consider that EP36 has excellent resistance to water
vapor, water and a wide range of chemical reagents. Master
Bond EP36 can be readily cured to a strong, tough elasto-
meric solid in the convenient 250°F-350°F temperature range
in a matter of hours. Adhesion to many different substrates is
very good indeed. Extensive tests also show that this desir-
able performance is retained over years of service.

Master Bond Inc.

Adbhesives, Sealants & Coatings

154 Hobart Street, Hackensack, New Jersey 07601
Tel: (201) 343-8983 » Fax: (201) 343-2132

For More Information Write In No. 424
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Figure 2. Two Different Adhesives are used to bond the hotter- and
colder-surface ceramic fabric layers to the segments of the frame.

top surface of the frame. A ceramic adhesive is then applied to
secure the clips in the grooves.

Figure 2 illustrates another version of the method that is suit-
able for a blanket with ceramic fabrics on both surface layers.
This version is similar to the preceding one in that it involves
similar coating of the frame segments and similar adhesive
bonding between the lower surface of the frame and the ceram-
ic surface layer designed to be cooler in use. However, clips are
not used in this version; instead, the fabric layer on the surface
designed to be hotter in use is folded over the top outer edge
of the frame, where it is bonded in a shallow recess by use of
an alumina adhesive.

This work was done by D. J. Rasky and D. A. Kourtides of
Ames Research Center. For further information, write in 7 on
the TSP Request Card.

This invention has been patented by NASA (U.S. Patent No.
5,645,273). 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-14027.
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Dispenser for Liquid

Corrosion Inhibitor
Marshall Space Flight Center, Alabama

A simple dispenser has been designed to enable fast, easy,
leak-free application of a liquid corrosion inhibitor in tight-toler-
ance crevices. This device is needed because considerations
of safety in the use of the particular corrosion inhibitor dictate
that the substance remain in liquid form and not be atomized.
Satisfying all applicable health, safety, and environmental
requirements, the dispenser can be made from off-the-shelf
parts. It is composed of a hand-pump sprayer, connected via a
polytetrafluoroethylene tube to a syringe with a blunt-tip needle.
The dispenser might also be useful for dispensing paints, glues,
lubricants, fuels, cleaning solutions, and other hazardous and
nonhazardous liquids into confined spaces.

This work was done by Gene E. Morgan, Carole A. ElIm, and
S. Rachel Khoshbin of Rockwell International Corp. for
Marshall Space Flight Center. For further information, write
in 57 on the TSP Request Card.

MFS-30094

Removal of Residual
Forming Oil
Marshall Space Flight Center, Alabama

A process for removing residual forming oil from metal tubes
has been developed. In the first step, the tubes are presoaked
in a mild akaline cleaning liquid at ambient temperature for two
hours or longer: the long soak increases the fluidity of the form-
ing oil sufficiently that subsequent internal flushing causes most
of the oil to be dislodged from the insides of the tubes. The oil
sludge is separated from the cleaning liquid by use of a cen-
trifuge, so that the liquid can be reused and the amount of haz-
ardous waste is minimized.

This work was done by Benjamina G. Montoya and Michael
L. Cassidenti of Rockwell International Corp. for Marshall
Space Flight Center. For further information, write in 44 on
the TSP Request Card.

MFS-30040

Technique for Inspecting

Partial-Penetration Welds

Lyndon B. Johnson Space Center,
Houston, Texas

A technique for nondestructive inspection of partial-penetra-
tion welds involves the use of computed x-ray tomography to
obtain cross sections. In a demonstration of the technique, an
x-ray source with a 0.010-in. (0.25-mm) aperture was used to
take pictures of a part at intervals of 0.005 in. (0.13 mm). It was
found that the depth of penetration of a weld in the part could
be measured accurately by use of this technique.

This work was done by John T. Litwinski of Rockwell
International Corp. for Johnson Space Center. For further
information, write in 78 on the TSP Request Card.
MSC-22348
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Mathematics and
iInformation Sciences

Software for Parallel Simulation of Discrete Events
A simulation analyst need not be concerned with details of

computing equipment.

NASA’s Jet Propulsion Laboratory, Pasadena, California

The Advanced Simulation Frame-
work (ASF) is a system of software
that provides a programming envi-
ronment for simulation of discrete
events on a network of multiple com-
puters operating in parallel. Parallel
processing (as distinguished from
serial processing on single comput-
ers) can increase the achievable scale
and scope of a simulation. Heretofore,
parallel simulation of discrete events
has been inhibited by the difficulty
of developing parallel-simulation
software, and simulation analysts
had to take account of limits of per-
formance of available computers. The
ASF facilitates the development of
software for specific simulations and
enables an analyst to concentrate on
the simulation and analysis, without

concern for the details of the com-
puting equipment.

The ASF enables the simulation of
discrete events by use of intercon-
nected UNIX-based workstations and
distributed-memory parallel comput-
ers. From the analyst’s perspective, a
simulation application program con-
sists of a set of C++ language objects
and a simulation scenario. The sce-
nario describes the available worksta-
tions and parallel computers, the ini-
tial state of each simulation object,
and one or more initial events. When
the objects and scenario are placed in
the ASF, the application programs of
the simulation are executed by paral-
lel processing.

The ASF includes the Simulation
Controller program, which serves as an

interface between the user and the
ASF-based simulations. The Simula-
tion controller program provides an
X-window/Motif-based control-panel
display that enables the user to moni-
tor and control a simulation; the user
can start or stop a simulation, moni-
tor the states of the application pro-
grams in the simulation, and change
the simulation by scheduling simula-
tion events.

Time-stamped messages between
nodes (that is, computers) serve as
part of the means for enforcing causal-
ity of events simulated on different
nodes. The ASF includes two alterna-
tive algorithms for enforcing causality.
One is called the Fixed Time Bucket
algorithm and implements a conserva-
tive approach in which all events in one

Application Program A

Application Program B

Fad

DIS Objects

Simulation Controller

(Application Program 5 ( DIS Objects y
[y

Framework, Event Queue,
and Object Managers

<>,®\

Distributed
Interactive
Simulation (DIS)

Distributed Router

Interface

<

Ethernet

Parallel Computers

o o

Flber -Optic Links

Legend
SC - Simulation Controller
EQM - Event Queue Manager
DR - Distributed Router
FS - Framework Server
OM - Object Manager
GW - ASF/DIS Gateway

A Computing System for Parallel Simulation of Discrete Events as implemented by the ASF can be represented schematically as a lay-

ered software/hardware structure.
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period of simulated time (called a “time bucket”) are com-
pleted on all nodes before proceeding to the next time
bucket. The other, called the Breathing Time Bucket
Algorithm, implements an optimistic approach, in which
events are processed by all computers until one of them
generates an event that must be taken into account by
another computer. At that point, all computers must be syn-
chronized in simulated time, and those that have processed
ahead of the synchronized time must roll back their simula-
tions to that time. The simulation then resumes.

ASF server software resides at each node. This software
initializes simulation services and maintains information on
the current status of the simulation application program
running at that node. The server software at each node
also cooperates with the simulation controller software at
the user’s node to provide monitoring and control of the
overall simulation process. This cooperation includes a net-
work-wide event-management service that operates
through an event-queue management component of the
software at each node. Similarly, a network-wide object-
management service operates through an object-manage-
ment component of software at each node. ASF also pro-
vides an interface to the IEEE Standard Distributed Interac-
tive Simulation (DIS) protocol. This interface permits ASF
hosted constructive simulation applications to interact with
virtual simulations.

This work was done by Peggy Li, Raymond Yeung, D’arcy
Tyrrell, and Nadia Adhami of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information, write in 61 on the
TSP Request Card. NPO-19341

Planning Optimal
Collision-Avoiding
Trajectories

Obstacles, dynamics, and constraints
are taken into account.

NASA’s Jet Propulsion Laboratory,
Pasadena, California

A method of automated planning of the trajectory of an
object equipped with control actuators involves (1) taking
account of the trajectories of other objects (obstacles), (2) tak-
ing account of the dynamics of the controlled object and of the
constraints upon the actuators, and (3) optimizing the trajecto-
ry in the sense of minimizing the time it takes the controlled
object to travel from an initial location to a goal. In a typical
application, the controlled object would be a robot and the
obstacles would be other moving and/or stationary objects
(possibly including other robots) in a factory. The method could
also be used in other applications like controlling land, air, or
sea traffic.

This method is built on the method described in “Planning
Motions To Avoid Moving Obstacles” (NPO-19031), NASA Tech
Briefs, Vol. 19, No. 4 (April 1995), page 70. To recapitulate:
With respect to the controlled object and one of the obstacles
at their present positions, the collision cone (in velocity space)
is defined as the conical range of velocities at which continued
motion will eventually cause the object and obstacle to collide.
Thus, to prevent a collision with a given obstacle, the object

NASA Tech Briefs, October 1996



must avoid the collision cone, which can
be regarded as a velocity obstacle. In
the case of a single obstacle moving at
constant velocity, one can prevent a col-
lision by choosing a simple straight-line
trajectory outside the collision cone.
When multiple obstacles are present
and/or the obstacle(s) accelerate(s), a
simple constant-velocity, straight-line
trajectory may not suffice to prevent
a collision. Then it becomes necessary
to plan a multiple-segment trajectory,
such that on the ith segment (which is
of duration At; and begins at time t), the
controlled object can avoid the collision
by maneuvering to a safe velocity, called
an “avoidance velocity,” that lies outside
the collision cone at t. In planning the
collision-avoidance maneuver, it is nec-
essary to consider the range of feasible
accelerations at time t, given the
dynamics of the controlled object and
the constraints upon the control actua-
tors at that instant. The range of feasible
accelerations determines the range of
reachable avoidance velocities — the
range of velocities that can be reached
between t;and t; + At; and that lie outside
the collision cone at time t; (see figure).
The state space of the controlled
object is represented by a tree of all such
avoidance maneuvers at discrete times t.

The nodes on this tree correspond to
the positions of the robot at these dis-
crete times. The operators that expand
a node at time ti into its successors at
time t + Af; are the velocities in the

Collision
Cone
Range of
Reachable
Avoidance
Velocities

'

A Collision Cone in Velocity Space at
time t, contains a range of velocities that
would eventually lead to a collision. The
reachabie avoidance velocities are those
velocities outside the collision cone that
can be reached in the short time between
and t; + At, given the range of feasible
accelerations.

P e,
ATH
| —

ranges of reachable avoidance veloci-
ties. The edges of the tree correspond
to the avoidance maneuvers.

An initial, approximate version of the
multiple-segment trajectory is chosen
by a global search over the tree. In this
initial trajectory, the velocity is repre-
sented as changing abruptly from
segment to segment; this is physi-
cally unrealistic, and thus unsuitable
for optimization. Accordingly, prior to
optimization, the initial trajectory is
smoothed over all the segments by a
polynomial interpolation. The smoothed
trajectory is then refined by use of a
dynamic optimization algorithm that
accounts for the dynamics, constraints,
and obstacles. In the optimization
algorithm, which is of the steepest-
descent type, the state inequality con-
straints are transformed into state-
dependent control constraints.

This work was done by Paolo Fiorini of
Caltech and 2vi Shiller of UCLA for
NASA’s Jet Propulsion Laboratory.
For further information, write in 72 on
the TSP Request Card.
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@ Life Sciences

Intramedullary Skeletal Distractor
John F. Kennedy Space Center, Florida

The intramedullary skeletal distractor
(ISKD) has been proposed as an
improvement over the fixture that,
heretofore, has been used in surgically
extending a femur that has been dam-
aged and fails to grow as fast as does
the femur in the opposite leg. The basic
strategy of such extension is to make a
cut across the femur at about its
midlength, then to install a fixture and
use it to push the two pieces of the
femur apart lengthwise at a controlled
rate to maintain a slight gap, preventing
the two pieces from growing back
together until the desired overall length
is achieved. The fixture used heretofore

includes portions outside the leg and
rods that protrude through the skin, with
consequent risks of infection and injury.
The ISKD would be a compact stainless-
steel telescoping-rod mechanism mount-
ed lengthwise in the medulla of the
femur, with only screws and a small bel-
lows-button actuation device protruding
slightly from the femur and contained
entirely within the patient's body. With
the exception of the midlength cut, the
ISKD would be installed by the same
procedure used to install a metal rod in a
fractured femur. The extension mecha-
nism within the ISKD would include a
drive screw driven by a gear train with an

input ratchet wheel. Pressing the bellows
button through the skin would advance
the ratchet, turning the gears and drive
screw and thereby extending the tele-
scoping rods. A metal bellows would
maintain a seal between moving compo-
nents to ensure reliable operation.

This work was done by Fred Jankowski
and Alan C. Littlefield of Kennedy Space
Center. For further information, write in
14 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) 867-2544.
Refer to KSC-11708.

Therapeutic Oxygen System for Use During Rescues
John F. Kennedy Space Center, Florida

A gas-supply manifold system with a
pressure regulator, flowmeters, hoses,
valves, and water (bubbler) bottles sup-
plies humidified oxygen from a liquid-
oxygen source to as many as four
patients during a long medical-evacua-
tion flight. The present system,
designed for use aboard a C-130 air-
craft, is based on an older system
designed to supply oxygen to as many
as three patients aboard a C-141 air-

craft. Advantages of the present system
over the older system include more
accommodating dimensions and layout,
easy-to-locate flowmeters, and nonre-
breathing oxygen masks for conserva-
tion of oxygen. When not in use, the
present system can be stored and car-
ried in a case half the size of the large
suitcase used to store and transport the
older system. The present system can
readily be adapted for use in other med-

ical-evacuation situations on land or
aboard aircraft or boats.

This work was done by Barry C. Slack
of Kennedy Space Center. For further
information, write in 86 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) 867-2544.
Refer to KSC-11771.

Low-Spillage Metabolic Feeder
Most of the unconsumed food remains in the feeder.
Ames Research Center, Moffett Field, California

An improved feeder has been devel-
oped for use in experimental studies of
the metabolism of small animals. The
feeder is an integral part of a cage
(called a “metabolic cage”) in which an
animal is confined for experiments on its
nutritional state and its gastrointestinal
and renal functions. In addition to the
feeder, the metabolic cage includes a
funnel below a floor grate for collection
of urine and feces.

In principle, the amounts of feces and
urine produced can be measured direct-
ly, while the amount of food consumed

108

can be calculated as the difference
between the amount supplied and the
amount that remains at the end of the
observation period. However, the calcu-
lation of the amount of food consumed
is distorted by the amount spilled; more-
over, some of the spilled food can
become mixed with urine and feces,
with the result that both quantitative and
qualitative analyses of these products
also yield distorted results. Thus, mini-
mization of spillage is necessary for
accurate metabolic studies.

Unlike older feeders, the present

www.nasatech.com

feeder is designed to minimize spillage.
The feeder is attached to the cage via a
hole in one wall (see figure). To gain
access to the feeder, the animal crawls
through the hole and through a short
tunnel to a food cup. The food cup is
held by guides attached to the tunnel;
the guides and the food cup are tilted
away from the tunnel so that food in the
cup gravitates away from the opening
between the tunnel and the cup.

The opening between the tunnel and
the food cup is partly obstructed by a
notched gate, the height of which is
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adjusted for the specific animal so that only the animal’s head
(and not the rest of its body) can enter the cup. The tunnel is
made narrow enough that the animal cannot turn around; after
eating, it must back out of the tunnel. These features minimize
spillage during feeding by preventing the animal from entering
the cup and kicking food out.

Of course, the animal might still throw some food out of the
cup while eating, and/or it might drop some food while backing
out of the tunnel after eating. To catch this food, a grate in the
floor of the tunnel with a spill tray is placed below the tunnel,
held in place by springs. The amount of food caught in the spill
tray can be added to the amount remaining in the food cup to
obtain a more accurate measure of the amount of food that
remains unconsumed.

This work was done by JuliAnn Evans, Daniel P Gundo,
Jennifer S. Harper, Gerald M. Mulenburg, and Thomas L.
Skundberg of Ames Research Center. For further information,
write in 36 on the TSP Request Card.

This invention has been patented by NASA (U.S. Patent No.
5,499,609). 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-12063.

The Tunnel and Gate allow little maneuvering room, preventing the ani-
mal from throwing food out while eating. Food spilled through the grate
in the floor of the tunnel is caught in the spill tray.

Isokinetic-Exercise Test

of Proprioception
Ames Research Center, Moffett Field, California

A test of human proprioception involves the use of a comput-
er-controlled isokinetic ergometer. A subject with an arm or leg
connected to the ergometer watches a video monitor that dis-
plays a bar graph indicative of the position of the am or leg, and
a horizontal line (goal) indicative of unexpected pseudorandom
variations of the variable torque (load) applied by the ergometer to
the subject’s limb. During these load variations, the subject strives
to keep the position of the bar graph coincident with the goal,
depending on the specific test. The subject's responses are
recorded and processed; a score is derived from the deviation of
the subject's amm or leg position from the goal. A perfect proprio-
ceptive response, where there is perfect tracking by the bar graph
on the goal, is set at 100.

This work was done by J. E. Greenleaf of Ames Research
Center, P T. Dempster and M. Bond of Loredan Biomedical,
Inc., and E. M. Bernauer of the University of California. For fur-
ther information, write in 89 on the TSP Request Card.
ARC-13389

NASA Tech Briefs, October 1996

For Simultaneous
DTA/TGA, Trust
The Company That Has
Stood The Test Of Time.

For over 75 years, Harrop has been excel-
ling in high temperature lab applications.
And our innovative, simultaneous DTA/TGA
combines two essential thermal analysis
techniques into one.

When easy-to-use, economical systems are
important, consider Harrop. Our newest
module for simultaneous DTA/TGA measure-
ment offers a hi-resolution balance and
integrated data acquisition software.

Harrop’s dedicated lab technicians and
engineers are ready to put their experience
to work for you

Harrop Industries, Inc, 3470 E. Fifth Ave.
Columbus, OH 43219-1797. Phone: 614/231-
3621. Fax: 614/235-3699.

U

Fire Our Imagination.

For More Information Write in No. 442



i

=

Manufacturing/
Fabrication

Development of a Method
for Depeaking Thick
Butt Welds

Two reports address the issue of
peaking in butt welds between thick
structural members, with a view toward
developing a method for depeaking.
Typically, butt welding of two thick mem-
bers starts with fusion tack welding of
mating tabs on the members, followed
by weld passes in which filler material is
laid down in the spaces that remain on
either side of the fused tabs. Further
passes are made on both sides until the
joint between the two members is solid
through the thickness. Peaking is an
unintended angular displacement about
the weld line, caused by asymmetry of
residual stresses from thermal contrac-
tions of the filler and parent materials.

This work was done by Vincent
Verderaime and Robert Vaughan of
Marshall Space Flight Center. 70
obtain copies of the reports, “Weld De-
peaking Process Through Depeaking
Index Model” and “Aluminum U-Groove
Weld Improvements Based on Experi-
mental Stress Behavior,” write in 51 on
the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel, Marshall
Space Flight Center; (205) 544-0021.
Refer to MFS-31099.

* Machinery/Automation

Influence of Contact Ratio
and Tooth Form on
Gearbox Noise

Two reports describe experiments that
were conducted to determine levels of
gear-mesh noise associated with various
gear-tooth geometries. The experiments
were conducted on nine sets of gears
that were as nearly identical as possible
in all respects except for tooth forms and
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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.

contact ratios. All measurements were
taken in the same gearbox under nomi-
nally identical conditions. For each set,
noise measurements were performed at
various combinations of load and speed.

This work was done by Fred B. Oswald
of Lewis Research Center; Joseph W.
Lenski, Jr., Robert H. Spencer, and
Raymond J. Drago of Boeing Helicopters;
and Mark J. Valco of the Vehicle
Propulsion Directorate of the U. S. Army
Research Laboratory. To obtain copies of
the reports, “Influence of Gear Design
Parameters on Gearbox Radiated Noise”
and “The Relative Noise Levels of Parallel
Axis Gear Sets With Various Contact
Ratios and Gear Tooth Forms,” write in
24 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel, Lewis
Research Center; (216) 433-2320.
Refer to LEW-16299.

.‘ Materials

Cleaning Soot From Oil
Paintings With Monatomic
Oxygen

A report presents information on the
topic of “Atomic Oxygen Removes
Varnish and Lacquer From Old
Paintings” (LEW-16031), NASA Tech
Briefs, Vol. 20, No. 4 (April, 1996) page
61. Additional information is available,
which includes (1) discussion of the
retardation of attack by atomic oxygen
on oxide-based pigments, (2) the ability
of the atomic oxygen to attack low as
well as high spots, (3) mention of some
pigments (alizarin crimson, sap green,
and prussian blue) as being considered
by conservators to be difficult to main-
tain during restoration by conventional
swabbing with solvents but being unaf-
fected by atomic oxygen, (4) mention of
other materials (e.g., silver) that cannot
be cleaned by atomic oxygen because
they form friable oxides, (5) a proposed
concept for rastering of atomic oxygen
beams to clean large paintings, (6) using
monatomic oxygen to clean objects
other than paintings (e.g., to sterilize

www.nasatech.com

medical instruments or remove excess
adhesive materials from aircraft engine
nacelles), and (7) the need for research
on ancillary issues like the effect of the
cleaning process on aging and the
shrinkage induced by dehydration of
large paintings in a vacuum.

This work was done by Bruce A.
Banks and Sharon K. Rutledge of Lewis
Research Center. 70 obtain a copy of
the report, “Process for Noncontact
Removal of Varnish and other Protective
Organic Coatings from the Surface of
Paintings,” write in 70 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-15896.

Weldability of a Nickel-
Based Superalloy

A report describes an experimental
investigation of the susceptibility of a
nickel-based superalloy to cracking
during and after electron-beam welding.
The alloy in question is Udimet 720L1 —
a modified form of the alloy Udimet 720,
which contains reduced concentrations
of such interstitial elements as boron,
silicon, and carbon. Alloy 720LI consists
of nickel with the following weight per-
centages of other elements: 16.15 Cr,
14.7 Co, 5.0 Ti, 2.5 Al, 3.0 Mo, and
1.256 W. The history of high-strength
superalloys like this one suggests that
welding will be difficult because of their
tendency towards hot cracking during
the welding process or strain-age
cracking during the postweld aging
process. It was found that the alloy was
not susceptible to hot cracking unless it
had previously been subjected to a four-
step aging heat treatment recommend-
ed by the manufacturer.

This work was done by Joseph M.
Kalinowski of NYMA, Inc., for Lewis
Research Center. 70 obtain a copy of
the report, “Weldability of a Nickel-
Based Superalloy,” write in 95 on the
TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16322.
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Penetration of Cracks Into
Composites During
Thermal Aging

A report describes an experimental
study of the penetration of cracks
from cut surfaces into the depths of
polymer-matrix/carbon-fiber composite
materials during thermal aging. Such
cracks are of concern because they
can accelerate thermo-oxidative degra-
dation by exposing additional surface
area to the environment. In the experi-
ments, specimens of PMR-15 poly-
imide reinforced with carbon-fiber fab-
ric were prepared with both molded
and cut surfaces, then aged in air at
temperatures of 288, 316, and 343 °C.
At intervals, aging was interrupted for
weighing the specimens, both before
and after immersion in water. The
amount of weight gained during immer-
sion was assumed to be indicative of
the volume (and assumed to be pro-
portional to the area) of cracks that had
penetrated from the surfaces.

This work was done by Kenneth J.
Bowles of Lewis Research Center
and John E. Kamvouris of National
Research Council. To obtain a copy of
the report, “Penetration of Carbon-
Fabric-Reinforced Composites by Edge

Cracks During Thermal Aging,” write
in 30 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16305

Q

Optimizing Operation of
Ni/Cd Batteries by Taguchi
Methods

A report describes an effort to extend
the operational lives of spacecraft nick-
el/cadmium rechargeable batteries by
applying Taguchi methods of robust
design to optimization of battery operat-
ing parameters. Battery experts identified
the recharge fraction as the key parame-
ter that must be controlled to maintain
nominal performance. The recharge frac-
tion is one of the parameters used to
determine battery overcharge. There are
five operating parameters that affect the
recharge fraction. The five parameters,
which were chosen for optimization,

Electronic Components
and Circuits

were: peak charge current, depth of dis-
charge, temperature, duration of orbit,
and charge voltage level.

This work was done by Julian O.
Blosiu, Frank Deligiannis, and Salvador
DiStefano of Caltech for NASA's Jet
Propulsion Laboratory. 70 obfain a
copy of the report, “Nickel-Cadmium
Battery Operation Management Opti-
mization Using Robust Design,” write in
65 on the TSP Request Card.
NPQO-19942

ASICs for Spacecraft Data
Communications

A paper describes four application-
specific integrated circuits (ASICs) that
have been developed for the Cassini
spacecraft, which is scheduled to be
launched in 1997 on a 12-year mission to
Saturn. These ASICs are used in the
command and data subsystem of the
spacecraft to receive uplink data, trans-
mit downlink data, and provide intercom-
munications among spacecraft subsys-
tems via a military standard 15538 bus.

This work was done by James A.
Donaldson, Huy H. Luong, Donald R.
Johnson, and Steven H. Wood of
Caltech for NASA's Jet Propulsion

Our flexible new release of PDEase2D helps you
solve a wide range of problems in heat transfer,
solid and fluid mechanics, reaction diffusion,
and electromagnetics, including nonlinear sta-
tic, dynamic, and eigenvalue problems. The

Windows interface:

® Qutputs to scientific notebooks with inter-
active, animated graphics; Dataviewers™
(scrolling, editable data tables); text pro-

cessing: and hypertext

® Imports .dxf files from leading CAD

programs

® Offers comprehensive on-line help.

Finite elements with no mesh, no fuss.

PDEase2D automatically generates and refines (Uz PDEase2D® Release 3.0 for Windows

grids and analyzes errors. And for advanced
problems, you can use Macsyma® math soft-
ware to prepare equations for PDEase2D and to
post-process PDEase2D’s numerical output—all

in the same notebook.

“An essential tool for your engineering toolbox.”
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Call 1-800-macsyma for a free demo disk
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For More Information Write In No. 446

Laboratory. 70 obtain copies of the
report, “Cross Strap Bus Adaptor/Bus
Controller (XBA/BC) ASIC" and the
paper, “Spacecraft Uplink, Downlink, and
Intercommunications in a Space-Qual-
ified ASIC Chip Set,” write in 92 on the
TSP Request Card.

NPO-19955

Physical Sciences

Using NIR Measurements
To Analyze Surface
Contaminants

A report discusses an application of a
method that combines near-infrared
(NIR) spectrometry and multivariate
analysis for identifying and quantifying
trace amounts of greases, waxes, and
other contaminants on surfaces that are
required to be clean in preparation for
subsequent adhesive bonding. The
method was described previously in
“Infrared Spectral Measurement of
Surface Contaminants” (MFS-26342)
NASA Tech Briefs, Vol. 20, No. 7 (July
1996), page 62. To recapitulate: a sur-
face to be inspected is scanned by use
of a fiber-optic probe coupled to an
infrared spectrometer. A computer
processes the spectral data for each
increment of position along a scan.
Although the raw spectral scan data are
complicated by intricate reflection,
absorption, and scattering interactions at
the inspected surface, computer pro-
cessing using techniques of multivariate
analysis makes it possible to extract
spectral features indicative of the con-
taminant molecular species, even when
some of the spectral peaks from different
contaminant materials overlap. In the
application described in the report, the
method was demonstrated to provide
the capability to distinguish between thin
surface layers of a grease and a similar
thin surface layer of a silicone release
agent and to measure the quantities of
these contaminants on aluminum and
steel surfaces.

This work was done by G. L.
Workman, W. F. Arendale, and C.
Hughes of the University of Alabama in
Huntsville for Marshall Space Flight
Center. 7o obtain a copy of the report,
“Quantitative Analysis of HD2 and
Silicone Contaminants on Solid Rocket
Motor Components,” write in 9 on the
TSP Request Card.

MFS-26295
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@ Mechanics

Enhancing Butt Welds on
Basis of Stress Analysis

A report addresses the problem of
peaking in thick butt welds, with a view
toward developing a method to reduce
peaking and increase weld strength. The
report is an updated version of the
reports described in “Development of a
Method for Depeaking Thick Butt Welds
(MFS-31099), which appears earlier in
this section. To recapitulate: butt welding
of two thick members typically starts
with tack welding of mating tabs on the
members, followed by weld passes in
which filler material is laid down in
grooves that remain between the mem-
bers on both sides of the joined tabs.
Weld passes are made on both sides
until the grooves are filled.

This work was done by Vincent
Verderaime and Robert Vaughan of
Marshall Space Flight Center. 70
obtain a copy of the report, “Aluminum
U-Groove Weld Enhancement Based on
Experimental Stress Analyses,” write in
11 on the TSP Request Card.
MFS-27327

Tutorial Paper on Universal
First-Order Reliability
Method

A NASA technical paper has been
written to promote a recently developed
universal first-order reliability method for
designing structures. Various aspects of
the method were described in several
previous articles in NASA Tech Biriefs;
namely, “Study of Structural-Load
Safety Factors” (MFS-27285), Vol. 18,
No. 1 (January 1994), page 74; “Im-
proved Selection of Structural-Load
Safety Factors” (MFS-28825), Vol. 19,
No. 3 (March, 1995), page 86; and
“First-Order Reliability Method for
Semistatic Structures (MFS-31034), Vol.
20, No. 9 (September 1996), page 84.
The paper describes the universal first-
order reliability method, presents guide-
lines to assist engineers in applying the
method, and illustrates the application
of the method with examples.

This work was done by Vince
Verderaime of Marshall Space Flight
Center. To obtain a copy of the paper,
“Mustrated Structural Application of
Universal First-Order Reliability Meth-
od,” write in 12 on the TSP Request
Card.

MFS-31084
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FREE
INSTRUMENTATION
SOFTWARE DEMOS

Software Showcase is a multimedia
CD-ROM that gives you an interactive overview of the
leading instrumentation software packages from National
Instruments. Demonstration versions are included. Software
featured includes: LabVIEW graphical instrumentation
software; LabWindows/CV1 visual development software;
ComponentWorks software for Visual Basic Measure soft-
ware for Microsoft Excel; and ViralBench turnkey virtual
instruments. Software Showcase runs on Windows 3.1/95,
Macintosh, and Power Macintosh. Call for a FREE
Software Showcase. National Instruments; Tel: 800-433-
3488; Fax: 512-794-8411; E-mail: Info@natinst.com;
hetp:/www.natinst.com.
National Instruments
For More Information Write In No. 300

OPTICS FOR
METROLOGY

New 1996 Catalog contains
120 pages of information and
prices on toolmaker’s micro-
scopes, stereo microscopes,
alignment microscopes, mo-
nocular zoom microscopes,
micro-telescopes, pocket
microscopes, borescopes,
micro video lenses, and fiber optic and miniature illumi-
nation systems. Also described are centering microscopes,
optical cutting tool geometry analyzers, X-Y tables, and
micro-finishing equipment. Titan Tool Supply Co., Inc.;
Tel: 716-873-9907; Fax: 716-873-9998.

Titan Tool Supply Co., Inc.
For More Information Write In No. 301

GET A GRIP...
ON TEST AND
VERIFICATION!

New CodeTEST tools from
Applied Microsystems pro-
vide unit, integration and
system testing, comprehen-
sive software performance

analysis, coverage analysis,

and trace and memory allo-
cation analysis, with non-sampled measurements, across
your entire program. Know how your code performs,
how much code your test exercises, and if memory allo-

cation works as planned. Call for your free brochure and
annotated screen-shot package—1-800-895-0831.

Applied Microsystems Corporation

For More Information Write In No. 302

NEW GUIDE TO
SPRING DESIGN
Mid-West Spring's new Guide
Spring Design helps engineers/
springs. Brochure includes design
formulae, materials property and

2

GUIDE 70 SPRING DESIGN

Wahl curvature stress correction
data. Compression, torsion and
extension springs are discussed,
along with materials data on high carbon spring steel, steel
alloys, stainless steel, non-ferrous, and high temperature alloy
wire and flar high-carbon spring steels. For a free copy contact
Mid-West Spring Manufacturing Company, 1404 Jolier Road,
Unit C, Romeoville, IL 60441; Tel: 800-619-0909; Fax: 708-
739-3890.

Mid-West Spring Manufacturing Co.

For More Information Write In No. 303

POLYOLEFIN
FOAMS SAMPLE
KIT

Samples of Volara®, a fine-
celled, irradiation crosslinked

polyolefin foam, are available
from Voltek. Volara combines a

smooth, consistent surface qual-

ity and gauge control with supe-
rior mechanical, cushioning, insulating, chemical resis-
tance, and moisture resistance characteristics to make it
suitable for a wide range of applications. It is available in
sheets or continuous rolls in a variety of densities, thick-
nesses, and colors. Voltek, 100 Shepard St., Lawrence,
MA 01843; Tel: 800-225-0668; Fax: 508-685-9861.

Voltek
For More Information Write In No. 304

- [ MASS FLOW
e APPLICATIONS
A HANDBOOK

"’ voL Il

/| VOL I of all-new applica-
' / tions handbook from ABB
f{ K-Flow graphically illus-

I

l f olis flow process configura-
‘ ' tions with ABB K-Flow
flowmeter system appropri-
ate for each application. Updated applications involving
Mass (Liquid, CNG, Multi-component), Density (SG,
API, Brix), % Solids, % Liquids, PID, Ratio Blending,
Bartching, Proportioning, and others are included.

ABB K-Flow
For More Information Write In No. 305

trates a wide variety of cori-

scsi
EXTENDERS,
CONVERTERS &
REGENERATORS

Set of 5 data sheets describe
Paralan’s SCSI Problem
Solvers: SCSI Extenders
stretch the SCSI bus as far as

L s 1 1000 ft. Also described are
Paralan’s Differential/Single-Ended Converters, SCSI
Isolating RegeneratoRs, SCSI Bus Switches and unique
Quier Cable for reliable SCSI operation. Tel: 619-560-
7266; E-mail: scsi@paralan.com; URL: hup://www.par-
alan.com/ntb.

Paralan Corporation
For More Information Write In No. 306

§| GET YOUR
HANDS ON THE
PROTECTOR®
GLOVE BOXES
CATALOG

Thumb through this 28-
page, full-color catalog

PRy e ermarer
wan maaiaannte

detailing Labconco’s con-
trolled atmosphere and

| multi-hazard glove boxes
Find complete information on built-in options including

the automatic pressure controller with foot pedal and
purge/fill controller. Call 800-732-0031.

Labconco
For More Information Write In No. 307

TEST & MEA-
SUREMENT

Just because your budget
is limited doesn’t mean
your test equipment has
to be limited, too. By
leveraging technology
- from HP’s high-perfor-
- mance instruments, the
‘ - F HP Basic Instruments col-
—
your budget without compromising quality. You'll find
all the fundamentals, from power supplies to DMMs 10
scopes. Hewletr-Packard Co.; Tel: 800-452-4844, ext.
1832,

lection offers tools that fir

Hewlett-Packard Co.
For More Information Write In No. 308
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PRESSURE SENSORS
FOR INDUSTRIAL
APPLICATIONS

The new data sheets provide infor-
mation on four models of Kavlico's
industrial pressure sensors which uti-
lize their ceramic capacitive sensing

technology. The sensors provide a
voltage outpur and are available in ranges of 5 to 3000
psi. The sensors have excellent long-term stability, are
EMI-protected and are available in standard or OEM
specific configurations. Kavlico Corporation, 14501 Los
Angeles Ave., Moorpark, CA 93021; Tel: 805-523-2000;
Fax: 805-523-7125.

Kavlico Corporation

For More Information Write In No. 309

MULTI-AXIS
MOTION CON-
TROL CARDS

Intelligent and easy-to-pro-
gram Motion Control cards
incorporate RISC + DSP +
ASIC technology for state-
of-the-art performance. You
can Conﬁgufc one motion

MOTION Ct

control card for one to

eight axes of control and as
many as 144 I/O. Powerful development software included
free of charge. Precision MicroControl Corp., 2075-N
Corte del Nogal, Carlsbad, CA 92009; Tel: 619-930-0101;
Fax: 619-930-0222; E-mail: pmcinfo@pmccorp.com.

Precision MicroControl Corp.

For More Information Write In No. 310

PL-Based

FREE TEST
SOLUTIONS
CATALOG !

New, Free, 64-page 1996 PC-
Based Test Solutions Source
Book from Geotest, Inc.
Features over 100 PC-based
products for ATE, data acquisi-

tion, and test and measurement applications. New prod-
ucts include: GFT-C Portable Ruggedized ATE Platform,
NT5000 CPU Commander-ROM Emulator, GT40/41-
RFS 200MHz Multiplexer Scanner, GT416-SM Series
High Density Switch Matrix, InterV3 In-Circuit Fault
Detecrion/Analysis board and over 20 additional new
products. Call 800-330-9774 for your free copy.

Geotest, Inc.
For More Information Write In No. 311

TOOLS, TOOL
KITS, CASES
AND TEST
EQUIPMENT

Installation/repair tools, tool

{iFREE CATALOG

kits, test equipment, telecom
equipment, LAN testers &
instrument/shipping cases
are detailed in this 300+
page full-color catalog.
Includes products for field service & depot 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. 312

VACUUM
PUMP
VIBRATION
ISOLATORS

The NEC vibration

isolators effectively remove turbo-molecular and cryo-

pump vibrations. Two models are available in elastomer
and air-isolated versions. They are UHV compatible,
have short insertion lengths, and high conductance. A
wide variety of flanges are available. National
Electrostatics Corp., 7540 Graber Rd., Box 620310,
Middleton, WI 53562-0310; Tel: 608-831-7600; Fax:
608-256-4103.

National Electrostatics Corp.

For More Information Write In No. 313

SURFACING/STRUC-
TURAL VEILS
ESD/EMI/RFI
COMPRESSION,
RTM, SMC

TFP is an Advanced Fiber Nonwoven
Manufacturer that produces veils
varying from 0.2-8.0 oz/yd’ from vir-
tually any fiber type. Examples are
Carbon, Aramid, Quartz, Silicon Carbide, Metal-coated
and Glass. TFP’s accurate fiber blending technology can
result in a hybrid, provide a specific resistivity level or uti-
lize a thermoplastic fibre for molding. TFP also produces
Intumescent mat for fire protection. Tel: 914-355-4190;
Fax: 914-355-4192.

Technical Fibre Products Limited
For More Information Write In No. 314

PRESSURE
TRANSDUCERS/
TRANSMITTERS

Taber pressure transducers/
transmitters are outlined in
a new brochure. They are
available in low and high

models in a variety of pres-
sure ranges. Differential
transducers provide high

differential overload pres-

sure and high line pressure capability. Oceanographic
transducers are completely submersible, highly accurate
pressure sensors. For more information contact: John

Pinder. Tel: 800-333-5300.

Taber Industries
For More Information Write In No. 315

RF RESEARCH
TOOLS

Radar systems, track, search
and GCA. RF sources 10
KHz w35 GHzat 1 w-5
MW. Pulse modulators 1 kw -
25 MW, Microwave compo-
nents, Tracking and Search
pedestals, Parabolic dishes to
60" diamerter, Microwave
tubes, Klystrons, Magnetrons, TWTs, etc. Much more avail-

able from stock, completely tested. Also, high power
microwave test facility to test microwave devices. Send for
free Caralog. Tel: 203-753-5840; Fax: 203-754-2567.

Radio Research Instrument Co., Inc.
For More Information Write In No. 316

LIGHT
MEASUREMENT
CATALOG

International Light offers their latest
version full-line catalog describing
light measurement instrumentation,
applications, and basic concepts of
Radiometry/Photometry. Many
new products are introduced covering a wide range of UV-
VIS-IR applications. All technical details such as spectral and
spatial responses, measurement ranges, and descriptions have
been either updated, enlarged, or expanded in scope.
International Light, Inc., 17 Graf Rd., Newburyport, MA
01950-4092; (508) 465-5983; Fax (508) 462-0759; E-mail:
ilsales@indlight.com; Internet: heep://www.ind-light.com/

International Light
For More Information Write In No. 317

ALGOR
PROVIDES "4-
WAY" INFO ON
THE WORLD
WIDE WEB

Algor's Internet place has detailed information on four
product lines. Discover Houdini, Algor's automatic CAD
solid model to 8-node "brick” mesh converter. Learn about

WWK ALGOR COM

Algor FEA, including case histories. Preview engineering
videos, books and multimedia. See all new integrated pip-
ing/vessel/plant design software. If you do not have
Internet access, call for free info. Algor, Inc.; E-mail:
info@algor.com; URL: http://www.algor.com; Tel: 412-

967-2700; Fax: 412-967-2781.

Algor, Inc.
For More Information Write In No. 318

NEW INTERACTIVE
CD-ROM BASED
ON ENGINEERING
“BEST-SELLER”

A comprehensive FEA CD-ROM/textbook that blends
theory & real-world engineering examples. Dr.

Constantine Spyrakos, well-known finite element stress
and vibration analysis expert, has created a reference for
CD-ROM
includes search capabilities, Internet-type browser & 3D,

all engineers from designers to “gurus.”

full-color graphics. Hard- and soft-cover books include
every example problem on disk. APD; Tel: 800-482-
5467;
apd@algor.com.

URL: http://www.algor.com/apd; E-mail:

APD
For More Information Write In No. 319

NEW KIND OF
MULTIMEDIA
VIDEO
TEACHES FEA
LESSONS

Finite Element Analysis in Action! is a new kind of instruc-
tional video for engineers. Available on VHS tape or inter-
active, multimedia CD-ROM, the video packs a lot of

information into a short running time of only 26 minutes.
Live lab experiments and FEA analysis are conducted to
show how to better use any FEA software. Demonstrates
specific modeling and analysis techniques. Tel: 1-800-
482-5467; URL: htep://www.algor.com/apd.htm;
E-mail: apd@algor.com.

APD
For More Information Write In No. 320
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AFFORDABLE
VACUUM
ACCESSORIES

New vacuum accessories cata-
log features over 800 afford-
able products including
flanges, fitrings, construction
Compontﬂls, Valvcs. yacuum
gauges, and residual gas ana-
lyzers. These high-quality products are backed by Pfeiffer
Vacuum technical service and support. In-stock items are
shipped within 48 hours. Visa and Mastercard are accept-
ed. Contact: Julie Giambartolomei, Pfeiffer Vacuum
Technology, Inc., 8 Sagamore Park Rd., Hudson, NH
03051; Tel: 603-595-3200; Toll-Free: 800-555-3172;
Fax: 800-555-3173.

Pfeiffer Vacuum Technology, Inc.

For More Information Write In No. 321

METAL BELTS
AND DRIVE
TAPES

This general product brochure
describes the various attributes
that make metal belts and
drive tapes an exceptional and
exciting option for design
engineers. Manufactured by
Belt Technologies for 25 years,
this unique family of products has helped design engineers

overcome challenging application requirements in the elec-
tronics, aerospace, biomedical, oprical and packaging
industries. Belt Technologies, Inc., PO Box 468, Agawam,
MA 01001; Tel: 413-786-9922; Fax: 413-789-2786.

Belt Technologies, Inc.
For More Information Write In No. 322

6-page color brochure of
Aerospace Components for
Motion Control. Brochure fea-
tures photos, features, specs and
applications on electromagnetic

AEROSPACE
COMPONENTS

clutches, brakes and solenoids.
Products are Mil-spec’d for
aerospace and military applica-
tions as well as for commercial
and business aircraft.

Electroid Company

For More Information Write In No. 323

FREE LAMP
CATALOG

PSC LAMPS, Inc. is one of
America’s fastest growing sources
of replacement specialty lamps for
A/V, Photographic, Stage, Studio,
Video, Television, Micrographic,
and Graphic Arts equipment, plus
Medical & Electronic instruments.
Customer satisfaction is key to our continuing success. We
offer the best brands including Osram Sylvania, GE, Philips,
Ushio, and Wiko at the right price, no minimum order &
two-day delivery at no extra cost! For a free catalog, call 800-
772-5267; Fax: 800-257-0760. PSC LAMPS, Inc., 1 Fishers
Rd., Pitsford, NY 14534-9511; E-mail: huep://www.
roccplex.com/psclamps

PSC LAMPS, Inc.
For More Information Write In No. 324

PSC Lamps, inc.

MECHANICAL
COMPONENTS

PIC Design's new Caralog
43 is bigger than ever-288
pages, including new
Modular Framing Elements,
Linear Motion Systems &
Positioning Tables, and
expanded lines of Lead
Screws & Nuts, Belts &
Pulleys, Ball Slides, Shoulder Screws, Bearings, Shafting,
Couplings and much more, all in inch and metric
dimensions. PO Box 1004, Middlebury, CT 06762.
Tel: 800-243-6125; Fax: 203-758-8271; E-Mail:

info@pic-design.com.

PIC Design
For More Information Write In No. 325

LOW-COST
PC-COMPATIBLE
DATA LOGGER

Puts eight thermo couple
channels on monitor, printer,
or disk for $349 complete.
Specifically for laboratory and
industrial temperature moni-
toring. Avoids complex set-up
or installation and is function-
ing 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. 326

/| PIEZOELECTRIC
CERAMICS

A 28-page brochure is a design
guide for piezoelectric ceram-
ics in a variety of shapes and
sizes. Piezo-electric and elec-
tromechanical properties for
various PZT materials (lead
zirconate titanate) are includ-

ed, and various types of piezo-
ceramic configurations, including stacks and bimorphs®
are described. Tel: 216-232-8600; Fax: 216-232-8731.

Morgan Matroc Inc.

For More Information Write In No. 327

TIME AND
FREQUENCY
PRODUCTS

TrueTime's Precision Time
and Frequency Products cata-
log features GPS-Synchro-
nized Clocks in rackmount,

portable, and board-level con-

figurations. Included are illus-

trations and product specs for

Synchronized 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. 328

THE SOURCE
FOR ELEC-
TRONIC &
MECHANICAL
HARDWARE

Seastrom takes pride in

Z=g Seastrom

offering one of the widest
selections of standard
electronic and assembly
hardware available from
stock. Seastrom’s 66-A
Catalog provides a complete source for over 45,000 prod-
ucts. For a free 550-page catalog, call 800-634-2356.

Seastrom Manufacturing Co. Inc.

For More Information Write In No. 329

ELECTRO-
MAGNETIC
DESIGN
SOFTWARE

The legendary Vector Fields
suite of software, including the
TOSCA, ELEKTRA and
OPERA packages, combines
classical finite element tech-
niques with user friendly inter-

\F~ VECTOR FIELDS

active 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: 630-851-1734 Fax: 630-851-2106

For More Information Write In No. 330

ADVANCED COM-
POSITE TRAINING

Abaris Training offers 14 different
“hands-on” workshops in advanced
composite materials technology.
These workshops cover fabrication,
repair, manufacturing, tooling, print

ding, adhesive bonding, ultrason-
ic inspection of composites, resin transfer molding, and sev-
eral engineering workshops. Emphasis is placed on glass,
carbon, and aramid fiber materials and processes, utilizing

vacuum bagging, and oven and autoclave curing. Three
workshops are Canadian D.O.T. approved. For a free
brochure, call toll-free: 1-800-638-8441; Fax: 702-827-
6599; hup://www.abaris.com. Abaris Training Resources,
Inc., 5401 Longley Lane, Suite 49, Reno, NV 89511.

Abaris Training Resources, Inc.
For More Information Write In No. 331

ANALOG VIDEO
GENERATOR

TEAM Systems’ newest Analog
Video Generator ASTRO VG-
823 offers a pixel frequency of
250 MHz, compatible with
tomorrow’s 1600x1280 moni-
tors. It is lightweight, has a small

footprint, and gives you at a much lower price the same
performance as the industry “standard” ASTRO VG-819.
Horizontal scan to 255 KHz. Four different and conve-
nient ways to operate. TEAM Systems Inc., Santa Clara,
CA 95051; Tel: 800-338-1981; Fax: 408-720-9643; E-
mail: teamsys@cerfnet.com; hrep://www.team-
systems.com.

TEAM Systems Inc.
For More Information Write In No. 332
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TELEDYNE

' WAH CHANG:
FIRST IN
REACTIVE &
REFRACTORY
METAL
SOLUTIONS

Teledyne Wah Chang is
the world’s largest produc-

er of hafnium, pure niobi-

um, and vanadium, and is also one of the world’s largest
producers of titanium and zirconium, available in various
degrees of purity or in specialty alloys. Visit our Internet
site at hup://www.twea.com or call 541-967-6977.

Teledyne Wah Chang
For More Information Write In No. 333

MATH
MODELING
WITH TK
SOLVER

Engineering and scientific
math modeling tool provides
great value. Find out why
Amoco, Allied Signal, Dow,
DuPont and others have TK
Solver Site Licenses. OLE
compatible — integrates well with Excel and Visual Basic.

Artractive output. Powerful applications like Roark’s
Formulas. Universal Technical Systems, Inc.; Tel: 800-
435-7887; E-mail: sales@uts.com.

Universal Technical Systems, Inc.

For More Information Write In No. 334

DDC & PC-BASED
PERFORMANCE IN
ONE ANALOG
VIDEO GENERATOR

TEAM Systems’ newest DDC and
PC-based Video Generator, the
UNI VG-D250pc, offers a pixel
frequency of 250 MHz. Its DDC capability is an addi-
tional asset in service & manufacturing of monitors. This

unit offers higher pixel frequency & overall 1-pixel reso-
lution for engineering, manufacturing, and servicing of
display systems. Horizontal scan to 250 KHz. TEAM
Systems Inc., Santa Clara, CA 95051; Tel: 800-338-
1981; Fax: 408-720-9643; E-mail: teamsys@cerfnet.com;

hrep://www.team-systems.com

TEAM Systems Inc.
For More Information Write In No. 335

1996 PCMCIA
PRODUCTS
CATALOG

The new PCMCIA-PC CARD stan-
dard has brought many new devices
such as Video Capture, 16-bit Stereo,
CD-ROM, Wireless Communication
and PC Card Camera Cards.
ENVOY DATA has just released its
new mlalog with these new products plus many other prod-
ucts like: Memory, /O (serial, parallel, SCSI, A/D, etc.),
along with Industrial Card and Drives, Multimedia,
Industrial, and Engineering tools for PCMCIA applications.
Tel: 602-892-0954; Fax: 602-892-0029; Visit our Web
page: http://www.envoydata.com.

ENVOY DATA Corporation
For More Information Write In No. 336

AIR MOVERS

Air Amplifiers convey, vent,
exhaust, cool, dry and clean—
with no moving parts. Using a
small amount of compressed

=77 —_—

Air Amplifiers

air as a power source, Air
Amplifiers move large volumes
of surrounding air to produce
high velocity outlet flows. Air
amplifiers are compact,
durable, portable, and maintenance free. Applications

- 2000 CFM with no moving parts!-

include small parts conveying; venting fumes, cleaning,
drying, or cooling parts. EXAIR Corporation, 1250
Century Circle North, Cincinnati, OH 45246; Tel: 800-
903-9247; Fax: 513-671-3363; E-mail: techelp@exair.com

EXAIR Corporation
For More Information Write In No. 337

NEW! OPTICS &
OPTICAL INSTRU-
MENTS CATALOG

Edmund Scientifics free 260-page cat-
alog features our exclusive Integrated
Optical Component Mounting System

Bdl and one of the largest selections of pre-
cision off- Lhc—shclf optics and optical instruments. Our preci-
sion off-the-shelf optics, TechSpec™ Oprics and optical
components can take you from design, to prototype, to final
production. We provide technical design and production
solutions. Over 8,000 scientific and technical products,
including magnifiers, lasers, microscopes, telescopes,
“machine vision,” and video microscopy. Tel: 609-573-6259;
Fax: 609-573-6233; E-mail: indopt@edsci.com.

Edmund Scientific Co.
Dept. 16B1, N954
For More Information Write In No. 338
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Scientifit

INSTRUMENT
CATALOG
1996

Metric sells, rents and buys
the latest in refurbished elec-
tronic test and measurement
instruments from Hewlett
Packard, Tektronix, Fluke,
Keithley, etc. All products are

tested in our lab to insure

compliance to original man-
ufacturers' specifications and are traceable to N.LS.T. Six-
month warranty on most models, five-day free trial, complete
with accessories and manuals. BIG SAVINGS 20% to 60%
off list. For free catalog call Metric; Tel: 800-432-3424; Fax:
415-341-8874.
Metric Equipment Sales, Inc.
For More Information Write In No. 339

--| LOW-COST
o COMPACT
g GAUGES

7 Pfeiffer Vacuum offers a com-

4 plete line of low-cost, compact
gauges and controllers to meet
all total pressure measurement
needs. It includes capacitance,

// piezo, pirani, cold cathode,

and FullRange™ gauges. The

popular FullRange gauge
combines two gauges in one compact housing to measure
from atm to UHV with or without a controller. Contact:
Julie Giambartolomei, Pfeiffer Vacuum Technology, Inc., 8
Sagamore Park Rd., Hudson, NH 03051; Tel: 603-595-
3200; Fax: 603-595-3250.

Pfeiffer Vacuum Technology, Inc.

For More Information Write In No. 340

Hiram Jones Electron-
ics, Inc./A Division of
the Seastrom Hardware
Group manufactures a
complete line of stan-
dard miniature and sub-
miniature terminals
including: insulated test
jacks, assembled stand-
offs and press-type ter-
minals. All standard cat-

alog items are available

for immediate pricing
and delivery. Call today for your free 27-page catalog:
800-634-2356.

Hiram Jones Electronics, Inc.

For More Information Write In No. 341

HUMIDITY
GENERATION,

¢ CALIBRATION &
MEASUREMENT
Thunder Scientific's NEW cata-
log for 1996 includes high-accu-
racy, two-pressure humidity gen-
erators at +0.3% RH and NIST-
traceable humidity standards.

Thunder offers complete calibration service of hygrome-
ters and dew point instruments. HumiCalc® humidity
conversion software is priced right at $99. Call 800-872-
7728 or fax your business card to 505-266-6203 for a
copy of Thunder Scientific’s Precision Humidity
Generation, Calibration, and Measurement catalog.

Thunder Scientific
For More Information Write In No. 342

CONTROL
THE WORLD
WITH VISSIM/
FUZZY-TECH

VisSim/fuzzyTECH
works seamlessly with
VisSim™ to create an ideal environment for fuzzy control
development and simulation. Additional VisSim add-ons
include C code generation, communication design, real-
time I/O, neural networking, constrained optimization, and
frequency domain analysis. VisSim is used for 6-DOF guid-
ance, anti-lock braking, servo and drive motor control, web
processes, winders, gas turbines, and data communications.
Visual Solutions, Inc.
487 Groton Road

Westford, MA 01886
Tel: 508-392-0100 Fax: 508-692-3102

For More Information Write In No. 343

STATIC
ELIMINATORS

EXAIR-Ionizers improve
static and dust removal in
many applications and
contain no radioactive ele-
ment. Air delivered ions
neutralize static and clean
surfaces at distances up to
20 feer.
including ionizing air knife and blowgun, are available.

Three styles,

Applications include web cleaning, pre-paint auto body
blowoff, and neutralizing plastic parts. EXAIR
Corporation, 1250 Century Circle North, Cincinnati,
OH 45246; Tel: 800-903-9247; Fax: 513-671-3363;
E-mail: techelp@exair.com.

EXAIR Corp.
For More Information Write In No. 344

www.nasatech.com

NASA Tech Briefs, October 1996



_’-' mmrums SUHGHT

i

NEW MECHANI-
CAL STRENGTH
TESTER

Romulus Il uses a single
workstation programmed to
operate any of four platforms
(to accommodate 1 gram to 1
ton force). Twelve inter-

changeable modules exccute

52 tests (30 strictly microelec-
tronics). Choose adhesion by stud pull, scratch, blade cut-
ting, shear, tear, flexure, 90 and 180 degree peel. Tensile
and flexure stress/strain, micro-wire, TAB, ball bond &
more. Quad Group; E-mail: quadgroup@spokane.net;
hup:/Iwww.spokane.net/quadgroup.

Quad Group

For More Information Write In No. 345

PRECISION
TEMPERATURE
MEASUREMENT

Over 5,000 models are
detailed in a 90-page cata-
log. Accuracy of 0.2% and
response time down to 200
msec. Temperature of fluids
and gases, stationary and

moving surfaces. Anritsu

@ AETI) WETER CO LTD.

Meter Co., 795 Franklin

Ave., Franklin Lakes, NJ 07417; Tel: 800-457-2999 or
201-848-0033.

Anritsu Meter Co.

For More Information Write In No. 346

REMOTE
VIEWING
INSTRUMENTS

Inspecting inaccessible areas
or hostile environments is
easy with ITI's 1800+ rigid
& flexible instruments, spe-
cially built to suit aviation
& aerospace needs. Custom
work a specialty. Instrument
Technology, Inc. - The
Leader in Remote Viewing, PO Box 381, Westfield, MA
01086; Tel: 413-562-3606; Fax: 413-568-9809; E-mail:
iti@scopes.com; hrep://www.scopes.com.

Instrument Technology, Inc.

For More Information Write In No. 347

COMBAT®
BORON NITRIDE
FOR DESIGN
APPLICATIONS

Carborundum Corporation,
Boron Nitride Division, offers
an 8-page, full-color brochure

detailing Combar Boron

Nitride, available in solid,
powder, coating, and acrosol spray forms for a variety of
design applications. Four-page insert provides rechnical
data. Carborundum Corporation, Boron Nitride
Division, 168 Creckside Drive, Amherst, NY 14228; Tel:
716-691-2052; Fax: 716-691-2090.

Carborundum Corporation

For More Information Write In No. 348

BROCHURES
AVAILABLE FOR
FIRESTONE AIR-
PICKER®/AIR-
GRIPPER™ AND
AIR SPRINGS

Firestone Industrial Products

AIRSTROKE

JURMAUNT

Company has prepared product
Airstroke®
actuators/Airmount® isolators, and its Airpicker® and

specification  brochures on its
Airgripper® pneumatic devices. For free copies, conrtact:
Firestone Industrial Products Co., 701 Congressional
Blvd., Carmel, IN 46032; Tel: 800-888-0650; Fax: 317-
580-2345.

Firestone Industrial Products Co.
For More Information Write In No. 349

METALS &
MATERIALS FOR
RESEARCH

A large selection of research
RaTA 3 i vail-
s metals and materials are avail
able in small quantities, ready

for immediate shipment.

WE filu]
SJil N

Almost 4,000 items are listed,

e
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along with technical specifica-

tions and compararive dara.

Featured are pure metals, alloys, polymers, ceramics,
composites, and honeycombs. 48-hour delivery. Custom
services are also available. Goodfellow Corporation, 800
Lancaster Ave., Berwyn, PA 19312-1780; Tel: 800-821-
2870; Fax: 800-283-2020; E-mail: info@goodfellow.com.

Goodfellow Corp.
For More Information Write In No. 350

NETWORK
FOR DSP
APPLICATIONS

Introducing FibreXpress™,
SYSTRAN Corp.’s new line of
Fibre Channel
adapters. FibreXpress is ideal

host bus

for very-high-speed mass stor-
age and high-throughput, data-

intensive DSP applications

=FibreXpress
Network

SYSIHAN Cone. such as radar, sonar, medical

scanners, and OCR. Request
your free tech overview today! SYSTRAN Corp,; Tel: 937-
252-5601; Sales: 800-252-5601; Fax: 937-258-2729; E-mail:
info@systran.com; WWW: hep://wwwi.systran.com.

SYSTRAN Corp.

For More Information Write In No. 351

FREE
ELECTRONIC
COMPONENTS
CATALOG

332-page catalog featuring

MOUSER

complete product and pricing
data for 67,000+ products from
125+ leading manufacturers.
Complete line of semiconduc-
tors, passive components, electromechanical devices, resis-
tors, capacitors, switches, wire/cable, connectors and more.
Same-day shipping. Mouser Electronics, 958 N. Main St.,
Mansfield, TX 76063; Sales Tel: 800-346-6873; Caralog
Tel: 800-992-9943; Fax: 817-483-0931; herp://www.mous-
er.com; E-mail: catalog@mouser.com.

Mouser Electronics
For More Information Write In No. 352

ANORAD’S NEW
PCLM SERIES
BROCHURE

Anorad Corporartion has a
new 20-page brochure packed

with information on its latest

.-
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introduction, the Anoline
PCLM Series — a new motor
technology utilizing Piezo
Ceramics. The Series comple-
ments an already existing product line of linear motors and
stages that focus on high performance motion control.
Contact the leader in motion control for your free
brochure. Anorad Corporation; Tel: 516-231-1995; Fax:
516-435-1612; hutp://www.anorad.industry.net.

Anorad Corporation

For More Information Write In No. 353

FREE TRANSDUCER
CATALOG

Sensotec’s 195-page full-line catalog
contains transducers, including
intrinsically safe, clean-in-place,
miniature, liquid level, and other
models. Featured are pressure trans-
ducers for gage, absolute, vacuum,
and differential with millivole, 0-5V,
0-10V, and 4-20 mA outputs; load cells for wension, com-

pression, or universal applications, strain gauge and piczo-
electric accelerometers with single or muldiple axis configu-
rations; free and captive guided LVDTs. Amplifiers and sup-
port instrumentation are available. Sensotec, Inc., 1200
Chesapeake Ave., Columbus, OH 43212; Tel: 800-848-
6564; Fax: 614-486-0506; http://www.sensotec.com.

Sensotec, Inc.
For More Information Write In No. 354

MATRIXx FROM
INTEGRATED
SYSTEMS

The MATRIXx product family
features: SystemBuild™, the
industry’s leading graphical
modeling and simulation envi-
ronment; Xmath™, the first
object-oriented mathematical
analysis and visualization tool; AutoCode®, the first and
most sophisticated automatic C and Ada code generator;
Documentlt™, the first automatic documentation gen-
erator; and the RealSim Series™ of rapid prototyping
computers. Integrated Systems Inc., 201 Moffert Park
Drive, Sunnyvale, CA 94089; Tel: 408-542-1500; Fax:
408-542-1950.

Integrated Systems Inc.
For More Information Write In No. 355

FREE CATALOG
OF TOOLING
COMPONENTS

National mail order catalog of
over 25,000 items offers a full
range of tooling components
and equipment. Items include
clamps, handwheels, handles,
knobs, spring & ball plungers,
latches, leveling pads, set-up accessories, locating devices,
springs, thread inserts, and metric items. All items are in
stock for same-day shipment with no minimum order
requirement. Reid Tool Supply Co., 2265 Black Creck
Rd., Muskegon, MI 49444; Tel: 800-253-0421; Fax: 800-
438-1145; huep://www.industry.net/reidrool.supply.

Reid Tool Supply Company
For More Information Write In No. 356
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HEADHUNTER ™
HEAD & EYE SLAVED
POINTING SYSTEM

Real-time head & eye movement
monitoring systems for advanced
man/machine interface. Applica-
tions include workstation control,
simulation/training, human ‘
factors & target designation. ‘

P.O. Box 382076

Cambridge, MA 02238-2076 USA
Tel: 617-273-4455

Fax: 617-273-0076

For More Information Write In No. 431

PRESSURE
VESSEL
MECHANICAL
INTEGRITY

PC software analyzes
mechanical integrity of
installed pressure vessels to
insure compliance with
OSHA

Process Safery Manage-

regulations -

ment of Highly Hazardous
Chemicals. Created by engineers experienced with vessel
inspection, program utilizes ASME B&PV Code, NBIC
and API 510 guidelines. Free demo disk. Tel: 816-228-
2976; Fax: 816-228-0680.

Computer Engineering, Inc.

For More Information Write In No. 357

INNOVATIVE
APPROACHES TO
MACHINE
SAFEGUARDING

This colorful 8-page brochure
provides an overview of noncon-
tact opto-electronic safeguarding

controls available from SICK

= Optic-Electronic, including
application diagrams and photos. Products include point-

of-operation devices, optical perimeter and area guards
with advanced functions like blanking, Presence Sensing
Device Initiation (PSDI) and multiple configurable mut-
ing controls. Tel: 800-325-7425; Fax: 612-941-9287;
Web: hup://wwwisickoptic.com; E-mail: info@sickoptic.com.

SICK Optic-Electronic
For More Information Write In No. 358

Evans Capacitor Company is a spin-
off from Evans Company, known
for the Capattery®. Specializing in
electrochemical and high energy
density electrolytic capacitors,
Evanscap has new literature, describ-
ing not only the Capartery, but the
Capattery 11®, a larger electrochem-
ical capacitor with a polymeric case,
and a new high energy density elec-

trolytic capacitor, the Evans
Hybrid® — half the weight and

1/10th the volume of aluminum capacitors. Evans

Capacitor Company, 33 Eastern Ave., East Providence,
RI 02914-2107; Tel: 401-434-5600; Fax: 401-434-
6908; hutp://www.evanscap.com.

Evans Capacitor Company
For More Information Write In No. 359

THE NEW

WYKO NT-2000
WYKO NT-2000
Measurement System is designed to
measure 3D surface roughness from
0.1 nm to 2 mm. Ourtstanding

Surface

automation capabilities provide
hands-off, high throughput inspec-
tion. The system offers best-in-class

precision, resolution, and gauge capability. Extensive analysis
software operates on the latest Pentium Pro PC under the
Microsoft Windows NT™ operating system. The WYKO
NT-2000 is flexible enough for R&D, yet robust enough for
manufacturing process control and quality inspection.

WYKO; Tel: 520-741-1297; E-mail: sales@wyko.com.
WYKO
For More Information Write In No. 360

RYLON

Rylon™ (left)

will not deform
@ 500°F like |
product (right) |

currently

in use.
Frayless
Monofilament *
Sleeving

When your aircraft, aerospace
or automotive application
requires higher physical and
thermal performance than
prevailing materials can

LEIEA RELY ON RYLON.

1/ NATVAR COMPANY

/ Division of High Voltage Engineering Corporation
l‘ / 8720 U.S. 70 West/P.O. Box 658
" Clayton, NC 27520

/

® Telephone: 919-553-4151 FAX: 919-553-1890

Rylon™ is a Trademark of Natvar Company

For More Information Write In No. 432

NEW 1996 CATA-
LOG & TECHNI-
CAL MANUAL

Advanced Motion Controls is
pleased to announce the pub-
lication of our new 1996 cat-

alog describing our complete
caTaoe line of DC brush type and
e e DC brushless PWM high-

efficiency servo amplifiers. In

addition to technical data for all products offered, this
230-page book features a product summary, application
notes, set-up instructions, and a trouble-shooting guide.
Pricing also is included. Advanced Motion Controls,
3629 Vista Mercado, Camarillo, CA 93012-8055; Tel:
805-389-1935; Fax: 805-389-1165.

Advanced Motion Controls

For More Information Write In No. 361

DATA ACQUISI-
TION SYSTEMS

New OMEGA Complete Data
Acquisition and Computer
Interface Handbook and
Encyclopedia® offers over 650
full-color pages with products
including communications-
based systems and plug-in
cards for IBM, Apple, PS/2,
and Macintosh computers.
Includes newest prices (U.S. Dollars) and specifications,
plus software for data acquisition and control. Over 40
pages of valuable technical information. Omega
Engineering, Inc.; Tel: 202-359-7874.

Omega Engineering, Inc.
For More Information Write In No. 362

THE
SPECIALTY
BULB CO. INC.

Call us to interchange and

@ THE SPECIALTY BULB €O
=

L

identify any lamp. We are
a highly specialized light
source distributor with the
technical ability to meet
the individual require-
CALL TOLL FREE: 1-800-331-8ULS ments of its customers
and research institutes. We stock European, Domestic,
and Far Eastern bulbs for all industries. The Specialty
Bulb Co. Inc.; Tel: 516-589-3393 or 800-331-BULB
(2852); Fax: 516-563-3089 (24 hrs.)

The Specialty Bulb Co., Inc.

For More Information Write In No. 363

PRECISION
POSITIONING &
MOTION CONTROL
CATALOG

FREE, detailed 160-page catalog
covers NEAT’s expanding line of
Precision Positioning and Morion Control Systems.
Featured are single-axis, X-Y, multi-axis, rotary, high-vacu-
um, and air bearing positioners, along with NEAT’s com-
plementary line of stepping and servo motors, encoders,
drives, and controls. Caralog includes an Engineering
Considerations guide, an overview of Custom Designs, and
a Glossary for reference. Visit our Web Site ar:
www.neat.com. New England Affiliated Technologies, 620
Essex St., Lawrence, MA 01841; Tel: 800-227-1066 or
508-685-4900; Fax: 800-523-8201 or 508-688-8027.
New England Affiliated Technologies
For More Information Write In No. 364
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Last Chance To Preregister For Technology 2006

Don’t miss:

» 60,000 sq. ft. of exhibits showcasing licensable technologies and cutting-edge products from
U.S. government labs, industry, and universities. Exhibit hall admission is FREE for all registrants.

» Top speakers including NASA Administrator Daniel Goldin, Netscape CEO James Barksdale,
and DIRECTV Executive Vice President L. William Butterworth.

» Over 100 symposia and poster presentations on hot new
technologies available for commercial development. Awards dinner guest speaker:
L. William Butterworth of DIRECTV,
producer of the nation’s premier
high-power direct broadcast

satellite (DBS) system.

» Information-packed short courses covering East-West
partnership opportunities, patents & licensing, commercial-
ization strategies, and more.

Be one of the first 5,000 registrants and get a coupon for a FREE NASA Technology CD-ROM, a $250 value,
redeemable inside the NASA Exhibit Pavilion.

Two world-class events under one roof: Technology 2006, the world's largest technology transfer conference,
is being held concurrently with TeleCon XVI, the world's largest conference and trade show on teleconferencing,
videoconferencing, desktop videoconferencing, and collaborative systems. Combined, the events offer 150,000
square feet of exhibits in the Anaheim Convention Center and 20,000+ business and government leaders in
attendance. Technology 2006 attendees can tour the TeleCon exhibit hall at no charge; conference registrants
additionally can attend two joint NASA/TeleCon tracks on telemedicine and distance learning.

Conference At A Glance

7am 8 9 10 1 12 1 2 3 4 5 6 Tpn
Tuesday 8am - 4pm 10:30am - 12pm 1pm - 4pm
Oct. 29 Registration Concurrent Sessions: Plenary Session
Advanced Manufacturing 1 Keynote Addresses:
9am - 1pm Agriculture 1 * Daniel Goldin, NASA Administrator
Poster Computers & Communications 1 James Barksdale, Pres. & CEQ, Netscape Comm.
Presentation Education 1 « Glen Urban, Dean, MIT Sloan School
Showcase Environmental Technology 1 * Ace Allen, Dir,, Univ. of Kansas Med Cntr
Materials 1 « Jay Sanders, Pres., American Telemed Assoc.
9am - 10am Medical/Rehab Technology 1
Exhibit Hall Power & Energy 1
Breakfast
Wednesday 7:30am-4:30pm  8:30am - 10am 10:30am - 12pm 2pm - 3:30pm 4pm - 5:30pm Tpr
Oct. 30 Registration Plenary: Concurrent Sessions: Concurrent Sessions: Concurrent Sessions: Awards Dinr
Agricultural Advanced Manufacturing 2 Advanced Manufacturing3  Computers & Comm. 3
Technology Agriculture 2 Computers & Comm. 2 Environmental Technology 3
Plenary: Education 2 Environmental Tech. 2 Materials 3
Small Business Materials 2 Education 3 Physics 3
Growth Opportunities Medical/Rehab Technology 2 Physics 2 Power & Energy 3
Physics 1 Small Business Wkshp 2 Small Business Workshop 3
Power & Energy 2 Telemedicine 1 Telemedicine 2
Small Business Workshop 1 Sensors/Instrumentation2  Telemedicine 3
Sensors/Instrumentation 1 Sensors/Instrumentation 3
Thursday  7:30am-3pm  8:30am-12pm 2pm - 5:30 pm 4pm - 5:30 pm
Oct. 31 Registration Short Courses: Short Courses: Telemedicine Sessions 6 &7
A) Russian Aerospace & Aviation Partnerships A) Russian Partnerships (cont'd)
B) Technology Commercialization Strategies/ E) Introduction To Patents
Finding Niche Markets & Licensing
C) Protecting Technology From Industrial Espionage F) Setting Up Your Company's IntraNet
D) Financial Planning For Entrepreneurs G) Intellectual Property — Defining,
& Small Businesses Valuing, & Protecting It
2pm - 3:30 pm
Telemedicine Sessions 4 & 5

Notes: On Monday evening, Oct. 28, a reception will be held at the Richard Nixon Library. All Thursday short courses require individual registration.



TECHNOLOGY 2006 REGISTRATION FORM

USE A SEPARATE FORM OR PHOTOCOPY FOR EACH REGISTRANT. BE SURE TO ANSWER ALL QUESTIONS BELOW.
DO NOT USE THIS FORM IF YOU ARE AN EXHIBITOR OR SPEAKER.

Name
Title
Company
Address
City/St/Zip

Phone No. Fax No.
E-Mail Address

Guest/Spouse Name

] Which of the following best describes your industry or
service? (check one)

1 O Electronics 7 O Materials/Chemicals 13 O Research Lab
2 0 Computers 8 O Industrial Equipment 14 O University

3 0 Communications 9 0 Manufacturing 15 0 Agriculture

4 () Aerospace 10 O Power/Energy 16 O Environment
5 0 Defense 11 O Biomedicine 17 O Other (specify)
6 0 Government 12 O Transportation/Automotive

Which of these products do you recommend, specify, or
authorize the purchase of? (check all that apply)

18 O Electronic Components & Systems 26 [ Test/Measurement Instruments

19 0 Software 27 1 Sensors/Transducers
20 1 Computers/Peripherals 28 1 Data Acquisition

21 0 CAD/CAE/CAM/CASE 29 1 Video/Imaging Equipment
22 1) Lasers/Optics 30 0 Industrial Controls/Systems
23 1 Materials 31 0 Communications Equipment
24 11 Mechanical Components 32 0 Laboratory Equipment

25 0 Positioning Equip./Motion Control

Your role
in purchasing is:

33 O Decision maker 34 0 Specify 35 0 Recommend
Your principal job function is:
(check one)

36 0 General & Corporate Management

37 O Design & Development Engineering

38 1 Engineering Services - Tests/Quality

39 1 Basic Research

40 0 Manufacturing/Production

41 0 Purchasing/Procurement

42 O Other (specify)

lease write in the code that appears on
your mailing label

If you require assistance to fully participate, call
Wendy Corvi at 1-800-944-NASA.

PLEASE REGISTER ME FOR THE FOLLOWING:
(check all that apply) by 10/11 after 10/11

1 Conference Registration $375 $450 $
Includes sessions & refreshment breaks on Tues., Oct. 29 &
Wed., Oct. 30; 1 ticket to the opening reception on Mon.,
Oct. 28; exhibit hall opening breakfast on Tues., Oct. 29;

1 ticket to the Awards Dinner on Wed., Oct. 30 & entrance
to the exhibits Oct. 29-31.

Thursday’s Short Courses are not included.

7 1-Day Conference
Registration $160
check day: 1 10/29 or M 10/30
Includes sessions & refreshment breaks on the
applicable day only, exhibit hall opening breakfast
on Tues., Oct. 29 & entrance to the exhibits Oct. 29-31.

$185 §

OPTIONAL SHORT COURSES ON

THURSDAY, 31 OCTOBER

(Morning short courses include continental breakfast.)
by 10/11 after 10/11

(A) Russian Partnerships  $350 $400 $
(full day, inc. refreshments, lunch)

Morning

(B) Commercialization $100 $125
& Niche Markets

(C) Industrial Espionage  $100 $125

(D) Financial Planning $100 $125
Afternoon

(E) Patents & Licensing  $100 $125

(F) IntraNet $100 $125

(G) Intellectual Property  $100 $125
0 Awards Dinner: tickets @ $55 $65
1 Exhibits Only FREE FREE $0

Includes the exhibit hall opening breakfast on Tues.,
Oct. 29 & entrance to exhibits Oct. 29-31.

M *Guest/Spouse Registration $95 $110 $
Includes the exhibit hall opening breakfast on Tues., Oct. 29; entrance
to exhibits Oct. 29-31; a ticket to the opening reception on Mon., Oct.
28 & a ticket to the Awards Dinner on Wed., Oct. 30.

* Guests must be over the age of 18.

TOTAL AMOUNT ENCLOSED $ ____
0 Check/MO enclosed
(payable to Technology Utilization Foundation)
0 Charge my: O MasterCard O VISA 0 Am Ex
Card No.
Cardholder Name
Signature Exp. Date

Registrations & Awards Dinner reservations are transferable.
Cancellations must be received in writing by October 11
for a refund. Refunds will not be granted for no shows.

A $50 processing fee applies for all refunds.

RETURN WITH PAYMENT TO:
Technology 2006, c/o Convention Data Services, Inc., P.O. Box 1328, Hyannis, MA 02601
For fastest registration fax to: (508) 778-7718

For hotel and travel information, call (212) 490-3999.



CASTING TECHNOLOGY
ALUMINUM/MAGNESIUM

Prototyping Pre-production Production
Sand, Investocure®,Gravity, Die and Squeeze Processes

+ LOW AND HIGH volume J.I.T.
deliveries/S.P.C. controlled

* HIGH INTEGRITY Automotive, Aerospace,
Commercial and Government castings

« ADVANCE QUALITY SYSTEM Compliance
with ISO-9000 International Aerospace, and all
leading commercial and government specs.

« CAD/CAM DESIGN thru completed assemblies
* FULL IN-HOUSE laboratory & testing facilities
FOR QUOTES FAX BLUEPRINTS TO 216-475-6611

C THOMPSO 4860 Chaincraft Rd.

Cleveland, Ohio 44125
S p P : w
CASTING CO.,INC. "5i%: 516 areestt

FAX: (216) 475-6611

For More Information Write In No. 433

CRYOGENIC
ADHESIVES

Designed To Your Specifications

MASTER BOND EP29LPSP EPOXY

B Two-part system B Convenient
mix ratio M Flexible cure sched-
ules M Service down to

liquid helium temperatures

B Outstanding thermal

shock resistance

W Superior dimensional

stability l Convenient
packaging

For information,

call or write:

Master Bond Inc.

154 Hobart Street
Hackensack, NJ O7601
201-343-8983

Master Bond Inc.

Adhesives, Sealants & Coatings
For More Information Write In No. 434

Product of the

Month

Computervision, Bedford, MA, offers Elec-
tronic Product Definition software tool
suite that enables the specification, concept,
design, analysis, drafting, manufacturing,
and support of a complete product to occur
simultaneously, and allows the product to be
shared electronically. A digital model is cre-
ated, displayed on screen, and made avail-
able anywhere in an enterprise for develop-

ing, testing, and managing the product through its life cycle. Each participant
interacts with the model without interfering with what others are doing. Included |
in the suite are CADDS® 5 design automation software, Concurrent Assembly |
Mock-Up (CAMU), Optegra™ enterprise data management software, and |
PELORUS™-based design automation software.

For More Information Write In No. 730

Version 5.5 of Bravo mechanical

assembly design software from

Applicon, Ann Arbor, M, features a
new Desktop Modeler and Detailer for
design and drafting applications on
Intel/NT PCs, and the ability to import
parts and assemblies from ACIS-based
packages. An enhanced user interface
reduces the number of steps needed
to design parts and assemblies.
For More Information Write In No. 735

Fluid Dynamics International, Evan-
ston, IL, has released FIDAP Version
7.6 finite element-based simula-
tion software, which features en- ‘
hanced upwinding schemes, relax- |
ation schemes, and solution algo-
rithms. An extrapolation scheme
accelerates the convergence of non- ‘
linear iterations. The program allows |
users to perform all aspects of fluid |
flow analysis, including model build-
ing, mesh generation, data input,
solution, and post-processing.

For More Information Write in No. 734 ‘

FCAD, Novato, CA, has introduced
FelixCAD 3D CAD software for
Windows NT and 95. Users can
simultaneously view and edit up to
four drawings, with four views of
each, for a total of 16 separate 2D or
3D views. It provides seamless read-
ing and writing of DWG and DXF files
and features up to 10 palettes and
toolboxes and context-sensitive on-
line help.

For More Information Write In No. 732

3D Builder CAD modeling software
from 3D Construction, Elizabethton,
TN, is a Windows-based program
that builds 3D models of real-world
data from photographs. The program
provides a constraint-based CAD
modeler and photogrammetry solver.
It enables users to work with one,
two, or numerous photos, photo CDs,
or digital camera images. The pro-
gram combines photo information,
extracts it, and merges it into a single
3D model for export to AutoCAD,
Studio 3D, or most rendering pack-
ages. It is priced at $595.

For More Information Write In No. 731

IGES/Works® for Windows NT data |
| engineers to visualize and analyze
| large amounts of data. Upgrades |

exchange software is available from
International TechneGroup, Milford,
OH. The program reads Initial Graph-
ics Exchange Specification (IGES)
files from any source, allowing users
to view, analyze, edit, and transfer
data to any other CAD/CAM/CAE
system. The software is priced at
$7500.

For More Information Write In No. 733

| three products.

Fortner Research LLC, Sterling, VA,
has released upgrades for DataPlot,
Transform, and Slicer visualization

software tools for Windows and
Macintosh, allowing scientists and

include new Hierarchical Data Format
libraries in the Windows versions of all
The DataPlot or
Transform for Windows or Macintosh,
or the Slicer for Windows cost $39
each; any two are $69; and all three
are $99.
For More Information Write In No. 736
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Beswick Engineering, Greenland, NH,

offers a 44-page catalog of miniature
| fluid power products, including fit-

tings, valves, quick -

inders, air pressure

and flow controls.

a leakproof O-ri

For More Inform:

| Cambio International, Laconia, NH,

| has released a catalog of Warth elec- |
tromagnetic shielding products and |
thermally conductive insulators. The ‘

| 84-page catalog includes high-w
age insulators, transistor spring clips

| and insulating bushes, strips and gas-
kets, and conductive elastomers and
adhesives.

For More Information Write In No. 741 |

A 240-page catalog of controls and
gauges is available from Dwyer
Instruments, Michigan City, IN.
Featured are pressure gauges,
switchers, transmitters, m S,
indicators, valves, actuators,
ers, and level control systems.

sition-

SONYAHMD4AMDES 30 % DY

Comair Rotron, San Ysidro, CA,
released a 16-page brochure o
AC and brushless DC motors
medical and laboratory equip t,
computer peripherals, fans, blowers
and pumps. The guide pro
dimensions and specifications fo
size, torque, and speed

For More Information Write In No. 744
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For More Information Write In No. 746

Products, Bethlehem, PA. Inc

are design hints, assembly p!
ecial nuts,

ing information, applications, def

tions, and uni ecifications.

For More Information Write In No. 745

FieldWorks, Eden Prairie, MN, offers a
ibing the 5000 Series
ries Field WorkStation™
rugged portable computers. The
workstations incorporate ISA, PCl,
and/or PCMCIA expansion slots to
provide testing, acquisition, commu-
nication, and video capture in the
field

The GTXRaster CAD* raster editing
and conversion software is
scribed in a four-page b

GTX Corp., Phoenix, AZ. Tt

ware is used with AutoCAD® to

ify designs in workflow, whether in
raster or vector.

For More Information Write In No. 742

New scopes,
DMMs, and ©
also are inclu

For More Information Write in No. 747

.“v

TODAY’S MOST;

Applications:
Laboratory,
Ground Support,

Flight Test, Missile

—

Ground, Shipboard, Aircraft & Space Vehicles.

American Aerospace Controls, Inc.
570 Smith Street, Farmingdale, NY
516 694-5100 « Fax 516 694-6739

For More Information Write In No. 435

QUALITY DESIGN FOR
YOUR FINGERTIPS

Davies Provides Unlimited Possibililies
For All OF Your Knob Applicalions

Since 1933, Davies has offered the most complete line of
knobs in a wide variety of styles, colors, sizes and mounting
configurations. These attractively styled knobs are rugged
in construction and are designed to last. Quality is foremost
and attention to detail is evident in every knoh Davies
manufactures. Consider these Davies’ advantages:

* Davies produces the largest variety of compression and
injected molded Knobs in the business.

* A huge selection of standard knobs saves tooling costs
and set-ups.

* Producing specials is Davies’ standard business.

«» Tooling financing available on special cusiom knobs.

* A leading edge design and engineering department with
CAD file availability.

* A wide variety of secondary
manufacturing
operations.

-

350 E. Kehoe Bivd.
Carol Stream, IL 60188
FAX 630-510-9944

DESIGNERS & MANUFACTURERS
OF KnoBs, HANDLES & CASES

For More Information Write In No. 436



100

Stack could start
suarket. At under
BN information
¢ as much,

commutation ¢ 3
There is simply be eL.
market. \

Ask for our free cata day. oullbepleasantly
surprised at the range of products, friendly service
and unparalleled value you'll find.

9640 SW Sunshine Ct. Find eem
Beaverton, OR, 97005 us In-WUis

w
Tel: (503) 643-4899 Fax: (503) 643-6129

STACK

For More Information Write In No. 437

Bayside Controls, Port Washington,
NY, has introduced ServoBevel™
right-angle gearheads for use in
servo applications such as machine
tooling and packaging. Features
include backlash of 10 arc minutes,
with a 5-minute, low backlash option;
hardened gears for quiet operation; |
frame sizes from 115 to 220 mm
square; output torque from 1000 to
7000 inch-pounds; and standard |
motor output faces for bolt-on capa-
bility with servomotors.

For More Information Write In No. 715

Shock &Vibration
Damping.

Sorbothane® patented
visco-elastic material
absorbs and dissipates
unwanted energy and out-
performs rubber and other
materials by providing:

¢ Impact Absorption
Vibration Isolation

e Sound Damping

e Excellent Memory

The Solution to all your energy
dissipation needs.

For a free brochure and
prototype sample.

330.678.9444

2144 State Route 59, Kent, Ohio 44240
330.678.9444 Fax: 330.678.1303
http://www.sorbothane.com

124 For More Information Write In No. 438

The Model VL-486-3 CPU board
from VersalLogic Corp., Eugene, OR,
is a 50 MHz, STD 32-based board
that features a low-power, 3.3-volt
486 SXLC chip. It is DOS and Win-
dows compatible and comes stan-
dard with an RS-232/485 config-
urable COM port, one LPT port, on-
board floppy, and IDE interfaces. The
board can hold up to 8 MB of RAM
and up to 1 MB of Flash memory.

For More Information Write In No. 716

FLIR Systems, Portland, OR, has ‘
introduced the Prism DS thermal |
imaging camera, which incorporates |
78,080 infrared detector elements in ;
its focal plane array to detect thermal |
problems. The radiometric digital
camera has 320 x 244 resolution and
collects thermal data for all points on
the infrared image. A 26mm lens is
standard. Images can be stored digi-
tally onto removable PC cards, which
can hold over 200 images per card.
For More Information Write In No. 719

The STB/STC family of tension-control
clutches and brakes is available from

Horton Industrial Products, Minne-
apolis, MN. Three different-sized pis-
ton sets in the products can be actu-
ated singly, or in any combination, for
a large number of torque-to-air pres-
sure ranges. The units are offered in
two sizes: the 600 and the 940.
For More Information Write In No. 720

The 4700 Series of high-speed, E-
size document scanners is offered

| technologies. The 464-page manual

Loctite Corp., Rocky Hil, CT, has
published the 1996-97 Worldwide
Design Handbook, an adhesives ref-
erence manual that covers adhesive,
sealant, coating, and dispensing

includes engineering data, illustra-
tions, compatibility tables, industry
definitions, and information on adhe-
sive engineering, industrial applica-
tion, gasketing, bonding, and prod-
ucts for electronic assemblies.

For More Information Write In No. 721

by Océ-Engineering Systems, Chi-
cago, IL. The 4720 and 4730 models

| scan documents into digital archiving

systems and convert paper drawings
into CAD formats with raster overlay
programs or raster-to-vector pack-
ages. The units' digital signal proces-
sor automatically adjusts inconsisten-
cies. The systems can scan typical
E-size drawings at 400 dots per inch
in 15 seconds.

| For More ln10rmahon Wnte InNo.722 |

A line of remote access ports is
available from Contact Electronics,
Fairfield, NJ. The ports are designed
to provide two-way data communica-
tion from the outside of a control |
panel. Access ports include D' sub-
miniature and coaxial connectors, sin-
gle/duplex 120V receptacles, circuit
breakers, circular din jacks, and other |
panel-mounted components.

For More Information Write In No. 718
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Polymer Design Corp., Rockland,
MA, offers Liquid Resin Casting™ for
producing parts and device proto-
types for the semiconductor industry.
Materials such as epoxies, polyure-
thanes, and silicones are used in
steel, aluminum, epoxy, RTV silicone,
and polyurethane molds. Custom
colors, casting logos, and EMI/RFI
shielding are available for most parts.

For More Information Write In No. 723

Battery-powered data loggers with
one to 32 inputs are offered by
Science/Electronics, Dayton, OH. The
loggers are programmed by computer
or on-board pushbuttons, and are
compatible with laptops and PCs via
an RS-232 interface. The micro-
processor-based units feature on-
board, non-volatile memory to 2 Mb

| readings; PCMCIA SCRAM cards also

can be used. Single-channel units
allow analog and digital/event logging
at rates from 0.5 ms to 24 hours.

For More Information Write In No. 726

>

v

The MB-1050C programmable color
CCD camera from Polaris Industries,
Atlanta, GA, features an on-screen
menu that provides user access to
definable settings such as white bal-
ance, shutter, camera title, and iris.
The camera can be mounted and
installed in various configurations due
to its multi-board design. A C-mount
lens option allows the user to select
from a range of standard and special-
purpose optics

| For More Information Write In No. 724

RS

Purdy Electronics Corp., Sunnyvale,
CA, has introduced the AND1391ST
intelligent graphics display module
that features a resolution of 128 x 128
| pixels and fine dot pitch of 0.43mm x
| 0.43mm. The display has a built-in
LCD controller, which includes a char-
acter generator ROM and RAM and
can be used for text and/or graphics.
For More Information Write In No. 725

e

ZERO DEEP DRAWN ALUMINUM
If You Needed An Enclosure Yesterday,
Call ZERO Today!

Ask
About
Our
Next
Day
Shipping!

A ZERO Corporation Company
500 West 200 North » North Salt Lake, UT 84054 » (801) 298-5900 = Fax (801) 292-9450

Internet address: http:/www.zerocorp.com

Call Me, I'm Interested. Write in No. 440
Send Literature. Write in No. 441

Greco Systems, El Cajon, CA, has
announced the RCS 5100 rugged

computer system for data collection |

and relay in environments with high
EMI emissions or high heat environ-
ments. The rack-mount unit has hot-

swappable fans, comes with two |

5.25" and one 3.5" drive bays, and
can accommodate a CD-ROM. It fea-

| tures a positive air flow and exhaust

AN R

system, is Pentium-upgradeable, and
has a 315 watt power supply.

For More Information Write In No. 727

SN

Yokogawa Corporation of America,
Newnan, GA, has introduced the
DL1520 two-channel digital oscillo-
scope, which features 150 MHz
bandwidth, 100 MS/s sampling on
two channels, and 200 MS/s on one

| channel. The standard 3.5" floppy

drive stores data, setups, and bit map
fles and a built-in printer provides
hard copy of the screen data. A GPIB
or RS-232C interface is standard. A
zooming feature allows simultaneous
viewing of the entire waveform image
and a magnified portion.
For More Information Write In No. 717
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FREE CATALOG
PRECISION OPTICS,
LASERS & OPTICAL

INSTRUMENTS

Inside you’ll find:

Optical Components
Test Equipment
OEM Optics

Video Systems
Machine Vision
Critical Measuring
Positioning Equipment
Lasers & Laser Optics
Magnifiers & Comparators
Microscopes & Telescopes

.lln Ed
=y mund
» Cientific

-

OVER 8,000 ‘
OPTICAL
PRODUCTS

At Edmund Scientific, we specialize in providing technical design
and research solutions with our extensive line of precision optics
and optical instruments—all of which are in stock and available for
immediate delivery. Call today for your FREE 236 page catalog.

585 Edmund Scientific Co.

Dept. 16B1, N954 Edscorp Bldg., Barrington, NJ 08007-1380
Phone: 609-573-6250 Fax: 609-573-6295

CALL FOR YOUR FREE COPY 1-609-573-6250

For More Information Write In No. 439 125




MIAarnK erpl CIC € 70 Advertise — Call (212) 490-3999
| |

OftwareWedgg" ' | Visualize matrix and

Automatically inputs any serial data 'mage data II'I seconds. N
directly into any PC application.

Communicate

Industrial & Lab.

Instruments ...
Gages ...
Balances ...
PLCs ... etc. ..
v H _Eat Engineering Software Direct |
s—— -y | with Transform! 0 soursa for saginvtring sotimarel
* Real-Time Serial Data into Any Application — Excel, ‘ The more than 1,000 products listed
VB, Quattro, Lotus, Access, Stat. software, etc. Request a FREE catalog! in this catalog were ::;elom by
* Full data acquisition and instrument control. L engineers 'lnd :op;onn( nﬁvllsl
o Ri 7 tools that
Risk free 90 day, money-back guarantee. www.fortner.com ] ;:s“u::s' :w ?‘Z"s“‘:' ?,'{.:,’ .:" B
Now Windows, DOS, NT & For Free Literature, Call e > accurately, and more quickly.
Now Wistows, BOLNT S~ i it o 800-252-6479

Call

prmen FORINEE | | 1.800.898.9044
?13)12 {)W “ L‘f ,bﬂtmphlf‘gdkﬂ]??“, hP}-\Q!‘B]SO 100 Carpenter Drive, Sterling, VA 20164 @ - L ]

E-mail: tall@taltech.com

fax (703) 689-9593 * info@fortner.com Scilech nternational 2525 N. Eston Ave., Chicago, IL 60647
Home page: http:/Avww.taltech.com InstramanTAL Salbisgre™ SaTech 3129191 hm'uhv//--
For More Information Write In No. 580 For More Information Write In No. 581 For More Information Write In No. 582

‘7o Motion

®
Control Rue

FREE!

€ " Solutions 130 SHAR O
&
‘ | c:;ﬂg STANDOFFS
PC based Servo ‘ g . (Bulletin SSA)
ey I e
T3
& Stepper Boards o tlcs PEM® SNAP-TOP® standoffs are designed for
LabVIEW > C Programmable * Visual Basic or permanent installation into metal panels or PC
AT e Win A TR |ndust %% | boards. They use a spring action to hold PC
. i»Mi.Lg;»::;p.C;;nm . ;;Cnr_\l?()jn:c} s:L;:mn i T ry [ boards and subassemblies securely, while allowing
« X-Y Table Control el Free 130 page product catalog from Rolyn, | for quick removal. Screws and other threaded
*Motion Sequencing/Profilmg world's largest supplier of “Off-the-Shelf” optics. | hardware are eliminated. To install, simply press
SASRRR, v Driys e 24-hour delivery of simple or compound lenses, l into punched or drilled holes. Contact Penn
—p Positio filters, prisms, mirrors, beamsplitters, reticles

stock items. Rolyn also supplies custom prod- 1000, Danboro, PA 18916. Fax: 215-766-0143 or
. call: 1-800-237-4736.

ﬁ_‘ Velocity objectives, eyepieces plus thousands of other Engineering & Manufacturing Corp., P.O. Box
Multi
Start

nuLOglC ucts and coatings in prototype or production
—— quantities. ROLYN OPTICS Co., 706 Arrowgrand

475 Hillside Avenue |

teedh 219 Circle, Covina, CA 91722-2199, (818)915- 5707, | H 2
Needham, MA 02194 s s i
5 Fax: 617 4442803 FAX (818)915-1379 E!!!‘g!‘. !t, H.'_t!.' L
1-(888)-NULOGIC e |
For More Information Write In No. 583 '1 For More Information Write In No. 584 For More Information Write In No. 585

[-Progrommoble  Data acq and signal conditioning
e (ontrollers  IN ONE PACKAGE! EreT

The Miniature Controller ecorde seopes
Specialist since 1983 | & Heplces Ghint ¢ i

4 Accepts plug-in amplifiers
Z-World provides a complete software |4 Connects to your PC’s printer port J
and hardware solution for embedded systems and 000 le

control applications. Our low cost miniature con- ¢ Fast 250,000 Hz sample rates

trollers provide a variety of digital 1/0, ADC, DAC, | ~ 4 Ready-to-run recording software

and RS232/RS485 communications. For only $195, Forget multiple boxes. Set aside

our Dynamic C™ integrated C development system your old, traditional instruments. -
allows you to create real-time multi-tasking pro- | = Our products take you from sensor to final results with computer- CALL FOR

grams up to 512K (approx. 20,000 lines of C code). | precision. Qur DI-500 portable, rack mounted, or desktop hardware FREE
Controller pricing from $79. Quantity discounts measures TCs, rtds, vac, vde, rpm, and strain—virtually any sensor INFORMATION
start at 5 units. used in industry—with safe, 1000 V isolation per channel. Our ready-

1724 Picasso Ave. to-run WinDaq software allows you to acquire, display, record, play-
Davis, CA 95616 back, and analyze your toughest waveforms with more speed and
916.757.3737 et »
; 0L IVIVYY oic7e et e flexibility than you've ever seen on a PC.
N 2 http:/www.zworld.com
For immediate information, use our 24-Hour AutofAX. | X DATAQ 800 553 90 6
Call 916.753.0618 from your FAX. Request catalog #18. | pa INSTRUMENTS - - Copyright © 1995 by Data Tnstrumments, tnc.
For More Information Write In No. 586 { For More Information Write In No. 587
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Marketplace

MAGNUM
GRIPPERS

From HARSH Machining
to
Clean Room Environments

MAGNUM DOES IT ALL!

ZAYTRAN

216-324-2814

[ MAGHUM in & Tracmark of ZATTRAN, ine

For More Information Write In No. 588

Advertisers Index

Abaris Training Resources, Inc. .......

ABB K-Flow ....

ACL Staticide

acroScience Corporation
Acton Research Corporation....
Adaptive Research ...... -
Advanced Motion Controls
Aerospace Optics Inc

Affinity Chillers.........

Agema Infrared Systems.
AJECO ;
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ARE YOU STILL TRYING
TO MEASURE VERY THIN
GAPS THE HARD WAY?

Capacitec HPS Series of thin (back to
back) sensors can measure gaps as
small as 0.0085” (.22mm) inboard 84"
(2133.6mm) with accuracies of 0.0003"
(7.6um), without scratching delicate
surfaces.

—=Capacitec

P.O. Box 819, 87 Fitchburg Rd., Ayer, MA 01432 US A,
Tel. (508) 772-6033 » Fax (508) 772-6036
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PRECISION
CRYSTALS
CATALOG

This useful reference
guide and new catalog
from Oak Frequency
Control Crystls pro-
vides an in-depth look
ar critical areas of crys-
tal resonator design

and fabrication. Key
crystal performance parameters and terminology are
discussed in detail and the full range of OFC Crystals
products and capabilities are presented. New products
include surface mount devices, high frequency funda-
mental crystals, and doubly rotated AT cuts. OFC
Crystals, Croven Crystals Ltd., 500 Beech St., Whitby,
Ontario, LIN 585 Canada; Tel: 905-668-3324; Fax:
905-668-5003.

OFC Crystals
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Simultaneous
torque & angle
measurement

T
Y

torque & R.P.M.

* Specializing in custom &
standard force/torque
Sensors

* Data acquisition systems
and associated software

« Excellent repair/calibration
services for all strain gage
based sensors

* Celebrating its 20th year

g =

"Innovative products that
make sense."”

Rotating Torque Sensors

Non-Contact
® Infrared or FM coupling

® Standard/custom torque capacities

® Noise/maintenance free
® High frequency response
® High accuracy

Slip Ring Versions

® Low cost

® Angular encoders

® Magnetic speed pickups
® Shaft to shaft

* Male/female sockets

® Morse taper/Jacobs taper

Call about the PMAC 2000

companion "Plug & Play" instrument.

-
ensor
evelo

800-997-3676

P.O. Box 290
Lake Orion, Ml 48361-0290
URL http://www.sendev.com

ents CInc.,

INNOVATIONS IN FORCE MEASUREMENT

ﬂ\

J

For More Information Write In No. 444

Infroducing
Noise Cancellation Technology

SONEXactive”

SONEXactive 3500™

illbruck’s new SONEXactive line provides a comfortable,
industrial earmuff with the added benefit of active low
frequency noise reduction. Call today to learn more

about the newest technology in noise control.

K illbruck

1-800-662-0032
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The Technology

Connection
To Advertise Call (800) 944-NASA

Advisor for Caregivers to
Alzheimer's Patients (ACAP)
Contact: Al Acord

The Adantic Group

(703) 709-9706 FAX (703) 709-9707

E-mail: al@atlgr.com

Background Noise Rejection

Using Patented Microphone &
Processing

Contact: David Franklin, President
Audiological Engineering Corporation
(800) 283-4601 FAX (617) 666-5228

Electrochemical Ozone Generator.
Produces concentrated ozone gas
(18 weight%). High purity output
delivered under pressure.

Contact: Tom Rogers

Lynntech, Inc.

(409) 693-0017 FAX (409) 764-7479

Hard, Low Friction Coatings,

Di d-like Nanocomposi
(Dylyn®) are Tailorable (electrical,
corrosion, optical)

Contact: Donald J. Bray, Director of
Technical Marketing

Advanced Refractory Technologies, Inc.
(716) 875-4091 FAX (716) 875-0106
E-mail: art2000@aol.com

Patented R & D 100
Award-Winning Ceramic.
Cost-Effective Solutions for
Dimensionally Stable, Machinable
Ceramic Components.

Contact: Christy L. Smith,
Marketing Director

LoTEC, Inc.

(801) 483-3100 FAX (801) 483-3101

¢80/20 In

wsnseves o The Industrial Ere

Internet - http://
(219) 248-8030 * FAX
1701 South

400 East » Columbia City IN 46795

"How To Offer Your
Invention For Sale."

We have helped hundreds of inventors and
showed them how to offer their inventions
for sale to business all over the world.
No cost.

Call 1-800-537-1133. Kessler Sales
Corp., C-67-5, Fremont, Ohio 43420.

Robert P. Bell

Robert Platt Bell & Associates, P.C.
917 Duke Street

Alexandria, VA 22314

(703) 683-8822 FAX (703) 683-8823
E-mail: RobertBell@BELLPAT.COM

Specializing in patent, trademark and
copyrighting matters.

Name

The Entire U.S. Space Industry...
At Your Fingertips!

Keep up to date on the players in America’s $30 bil-
lion space industry with The Space Directory, featur-
ing over 500 profiles of: organizations involved in
launch vehicles, satellites, etc.; 200+ prime contrac-
tors; govt. agencies; university programs; Internet
sites, and more. Includes detailed descriptions of
specializations and business activities as well as ad-
dresses, phone/fax numbers, and executives’ names/
titles. 213 pages. Special discount price for NTB
readers: $65.00.

Rush me ___ copies of The Space Directory at $65.00 each plus
$5.00 postage. (NY residents add sales tax to total.)

Company

Address

City/St/Zip

Phone No.

Mail (in envelope) to: Assoc. Business Publications, Dept. F.,
317 Madison Ave., Suite 921, New York, NY 10017.
Or fax to: (212) 986-7864.

NASA Tech Briefs, ISSN 0145-318X, USPS 750-070, copyright© 1996 by Associated Business Publications Co.,
Ltd. Copyright is idual “tech briefs™ contained in this publication. The U.S. Government has
a paid-up ficen xercise all righ the copyright claimed herein for government purposes. NASA Tech Briefs
is published monthly by Associated Business Publications Co., Ltd., 317 Madison Ave., Ste. 921, New York, NY
91. Editorial, sales, production and circulation offices at 317 Madison Ave., New York, NY 10017-5391
for non-qualified subscribers in the U.S., Panama Canal Zone, and Puerto Rico, $75.00 for 1 year;
for 2 years; $200.00 for 3 years. Single copies $10.00. Foreign subscriptions one-year U.S. Funds $185.00.
check, draft, postal, express orders or VISA, MasterCard, or American Express. Other remittances at
sender’s risk. Address all communications for subscriptions or circufation to NASA Tech Briefs, 317 Madison Ave.,
New York, NY 10017-5381. Second Ciass postage paid at New York, NY and additional maliing offices.

POSTMASTER: please send changes to NASA Tech Briefs, P. O. Box 10523, Riverton, NJ 08076-0523.

NASA Tech Briefs, October 1996




£

Plasma Torch Using a plasma torch
technology developed by Ames Research
Center, Plasma Technology Corporation
(PTC) has revived interest in a decade-old
system for industrial heating. The plasma
torch line developed by PTC far surpasses
conventional methods. It offers greater
temperature and processing control, faster
reaction time, lower capital costs and a
more efficient use of energy.

Security Systems Software CLIPS,

a Johnson Space Center expert system
program, enabled Software House to
develop the C.CURESystem 1 Plus. This
system allows users to manage large
amounts of information, solve unique
security problems and gain power over
access control with time schedules,
authorization levels and door entry with
card validation.

NASA Solutions. . .

Making Space Technology
Work for You

® 009 0 00

Environmental Seal Magnetizing fuel
by dispersing finely ground particles of iron
oxide through it — an idea developed by a
Lewis Research Center scientist is the
concept behind Ferrofluidics Corporation’s

ferrofluids seal. The initial use was in a

zero leakage non-wearing seal for making
semiconductor chips. The corporation now
manufactures rotary feedthrough seals for
the semiconductor industry.

ASA technology positioned the U.S. in the forefront of space exploration. Whether it is sensors,
microelectronics, information systems or another area, NASA technologies can help your business
position itself in front of your competition.

TechTracS — the newest search engine for finding the NASA technologies with the greatest commercial
potential — can be accessed over the Internet through the NASA Commercial Technology Home Page:

http://nctn.hg.nasa.gov.

To match your company’s needs with NASA solutions contact the NTTC by

e
st?
-

5
See us at Technology 2006
Booth #129

* Internet:

* Phone:
For More Information Write In No. 630

http://www.nttc.edu.

1-800-678-6882.



“: Are you getting
complete
= golutions,

just software?

Does it matter. . .? You can use software to generate
information for better business| decisions like (your
competitors or you can use complete soltitions from MSC.
These solutions provide the-insight you need to’tndertake
value-added programs to .increase your competitive
advantage. Do you need just another software vendor or a
true business partner? Contact us today at at 800-642-7437,
ext. 2500 or http://www.macsch.com to learn how you can
partner with MSC to achieve imaginative solutions:

The
Imaginative MacNeal-Schwendler
Solutions "oy :
\\L—sd Corporation

For More Information Write In No. 624
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