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Instrumentation Software

Acquire Data
with Excel

Control GPIB, serial, and plug-in
DAQ boards with Measure*

NationaL INSTRUMENTS - THE LEADER IN VIRTUAL INSTRUMENTATION SOFTWARE SOLUTIONS

New LabVIEW 4.1
DAQ Programming
Made Easy!

Getting results with your data acquisition (DAQ) board - has never
been easier. Simply configure your input channels and transducers with the new DAQ Channel
Wizard, specify your application requirements using the DAQ Solution Wizard, and you're up
and running in 5 minutes or less. With LabVIEW 4.1, your application is automatically
generated in LabVIEW source code that you can modify and enhance as your needs change.

Circle No. 569

Powerful C/C++  3p vjsualization,
Libraries for Analysis, and
Instrumentation Renort Generation

Soe LoadJenSeqance EdPamwtes Qusben Shddont

HiQ°® 3.1 - combines powerful analysis
capabilities with advanced, OpenGL 3D
graphics and report-generation tools for a
unique, integrated solution. Combine Word,
PowerPoint, and Excel components with your reports through OLE. With HiQ 3.1,
you can automatically generate reports from LabVIEW.

Circle No. 571 |
ActiveX Controls for
LabWindows®/CVI - includes .
oowes il A28 Kbrarios for dats Instrumentation

acquisition, analysis, and user interface
operations. Use these libraries in
Microsoft, Borland, Watcom, or Symantec
environments, or in the easy-to-use
LabWindows/CVI interactive development
environment.

New ComponentWorks™ 1.1 - adds 32-bit
ActiveX controls for advanced data acquisition operations
from Visual Basic, Visual C++, Borland Delphi, or Internet
Explorer. Use the flexible GUI controls to build distributed,
Internet-based virtual instruments. ComponentWorks

« More than 600 GPIB and VXI inciudes the following:

instrument drivers e Graphs and strip charts * Analysis, signal processing, curve-fitting,
* Easy-to-use GUI editor * Knobs, meters, gauges, and dials statistics
e Compatible with 32-bit DLLs * Thermometer and tank displays ¢ Analog 1/0, digital 1/0, counter/timers
Circle No. 570 Circle No. 572
‘7 NATIONAI. Call today for your FREE evaluation Software Showcase CD

’ |NSTRUMENTS or for more information on these new products.

The Software is the Instrument™ (800) 661-6063 (U.s. and Canada)

U.S. Corporate Headquarters ¢ Tel: (512) 794-0100 e Fax: (512) 7948411 e« info@natinst.com ¢ www.natinst.com

Worldwide network of direct offices and distributors

© Copyright 1997 Nationa All rights reserved. Product and company names listed are trademarks or trade names of their respective companies.



INFINITY™ INFINITY" Split Display 1/16 DIN MICRO-INFINITY®
Programmable Meter/Controller Autotune PID Temperature/

Signal Conditioners Process Controllers
and Transmitters
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Document #101
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NEW INFO®
Document #1582

c’
A
NEW INFO® 2
Document #1581

Have your fax number handy!
For more information, call NEW INFO*
1-800-639-4636.

”E W ””.'0 on-line publishing service at
NEW INFO® On-Demand Publishing Service e . i
Dial 1-800-639-4636 1 gg-ﬁimag
and enter the document numbers for any of the

instruments shown here. Product specification Request Your Free Data Book Today!
sheets will be faxed to you automatically. Enter NEW INFO° Document: #1001

2 N NEWPORT

EWPORT ELECTRONICS, INC.
2223 South Yale St., Santa Ana, CA 92704-4426

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

©COPYRIGHT 1997 NEWPORT ELECTRONICS INC. ALL RIGHTS RESERVED
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We've Taken
Dynamic

Measurements 1o
An All-Time Low.

[t takes a very sensitive accelerometer to measure something that
hardly seems to be moving.
Fortunately Endevco accelerometers have the accuracy and res-
olution you need—even if you're working in the micro-g range
or at 0 Hz.
We're the only supplier with a complete
array of advanced sensing technologies. So
you're assured a perfect solution to address
your specific measurement requirements.
Yet for all their sensitivity at low vibration
levels and frequencies, these units need
no special handling. We even have
models for extreme temperatures
from -55°C to +288°C. So these
sensors keep working when others
would fail.
And for every Endevco accelerometer there’s an ideal
signal conditioner and low-noise cable to match—for a
complete turnkey solution.
So don’t lower your standards by using lesser accelerometers.
Call Endevco today. It’s the best way to get your project moving.

® 3

7754-1000 ISOTRON® Accelerometer. 7290A Accelerometer. 752-500 ISOTRON® Accelerometer. 4430A Signal Conditioner.

This rugged sensor has the exceptional Ideal for low-level accelerations from This tiny accelerometer offers outstanding This versatile, high-precision amplifier may

resolution to detect less than 1 micro-g 2g to 100g full scale. Offers dc response, sensitivity of 0.5 V/g and comes in a her- be computer controlled and offers program-

and flat down to 0.05 Hz. ruggedness to 10,000g’s, amplified (£2V) metic package that weighs just 10 grams. mable filters, current, voltage and gain
output and a wide temperature range. adjustments.

1
4 5 MEGG.TT 30700 Rancho Viejo Road, San Juan Capistrano, CA 92675 USA
%‘ E Phone (800) 9826732 Fax (714) 6617231 ENDEVCO ‘

e Visit our website at http://www.endevco.com
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You've spent months gathering and analyzing data.

Now you need to show off your work — clearly

and precisely. Sure, you can use a spreadsheet or a data
analysis program to make a graph. Many scientists have
tried this route. Then they saw they could not create the
exact graph that best represented their data. Scientists like
you designed the solution: SigmaPlot.

DESIGNED WITH THE FLEXIBILITY YOU NEED

Customize every detail to create the exact SigmaPlot
graph you want. Just a few mouse clicks is all it takes to
see one of over 100 curve fits added to your graph using
the new SigmaPlot 4.0 Regression Wizard. Choose the
error bar direction for every data point. Lay out multiple
graphs on a page to see the trends in your data. All this
and more with amazing ease.

Desigrad o

g1
w Microsofr*
'M' M‘m o SPSS Inc,, 444 N, Michigan Avenue, Chicago, IL, 60611
+312.329.2400; Fax: +312.329.3668
Toll-free: 1.800.621.1393; Fax: 1.800.841.0064

http:/ hwww.spss com/software/science/sigmaplot

YSP4NTB-1097

Fraction Spectfic Binding

Dr. Barry Simon, Ph.D.
Review of eleven competitive products
Desktop Engineering Magazine,

September 1996

Call today at 1-800-841-0057
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SHOW OFF YOUR RESULTS

Add your SigmaPlot graphs to lab
notebooks, reports, slides, presenta-
tions and publications. Place your
SigmaPlot graphs in other applications
using cut and paste, OLE 2, or exports to  *
EPS, TIFFE, JPEG and other graphic file formats.

THE PROOF IS IN THE PLOTTING

Over 100,000 of your colleagues have already seen how
SigmaPlot can help them create compelling graphs-like
the ones shown here. Researchers, technicians, professors
and engineers all rely on SigmaPlot when they need exact
graphs for exact science.

M SIGMAPLOT

SPSS ASC GmbH, Schimmelbuschstrasse 25 Exact Graphs for Exact Science
40699 Erkrath, Germany

+49.2104.9540; fax: +49.2104.95410

France: +0800.90.37.55, UK: +0880.894982
Distributors worldwide:  hitp://www.spss.com/order

A0057
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Get ready to launch your space projects faster

than ever before.

Off-the-shelf space-qualified converters.

Out-of-this-world reliability.

Power Converters

SMHF

SMSA

15 watts

5 watts

Outputs:
33,5,12, 212, or £15VDC

Outputs:
512,15, 212, or

+15VDC

Complete protection features

Input voltage range: 16-40

EMI Filter

SFMC

Meets MIL-STD-461C requirements

N

CLASS K

N

Interpoint’s new fully qualified, radiation
hardened DC/DC power converters and
EMI filters deliver the performance of
custom products with the convenience
of off-the-shelf power solutions.

They're the first space-qualified
power products of their kind. And
they're ready to go when you are,
eliminating the time and expense
of custom power solutions.

Models with up to 15 watts of
output power delivered in a galaxy
of configurations meet your every
system need. Products are available
in three different environmental
screening grades with three different
radiation tolerance options.

Concerned about quality? Don't be.
Our new space power products are
compliant to MIL-PRF-38534 Class K
requirements. Screened models are
guaranteed to withstand up to 100 k
Rads (Si) and survive SEUs. And they're

designed with the small size and light
weight that space applications demand.
Need the best of both worlds? Then
call us for out-of-this-world power
products at down-to-earth pricing.

call: 1-800-822-8782

(For your free poster)

Visit our Web site:
http://www.interpoint.com

interpoint

A CRANE CO. COMPANY

CRANE

int France, Saint Gratien
Phone +33-134285455
Fax  +33-134282387
E-mail powerfr@intp.com

Corp H Usa
Redmond,

Phone (425) 882-3100

Fax  (425) 8821990
E-mail power@intp.com

. Head: UK :
Phone +44-1252-815511 Phone +49-6151-177629
Fax  +44-1252-815577 Fax  +49-6151-177654
E-mail @intp.com E-mail p @t-online.de
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Rated #1 100
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No Distribvutor T
Your Order Fastér))

2 Digi-Key Corporation, 701 Brooks Ave. South, Thief River Falls, MN 56701
x Toll-Free: 1-800-344-4539 » Fax: 218-681-3380 + Order Online www.digikey.com N
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34 Heterodyne Interferometers for
Subpicometer Metrology

37 Acousto-Ultrasonic Monitoring of
Ceramic Composites

38 Continuous Measurement of Delay
Bias in a GPS Receiver

39 Signal-Decay Technique for Determining
Qs of Power Inductors

40 Biometric Instrument Measuring
Neuromuscular Disorder/
Performance Degradation
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X Electronic Components
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for lon Accelerators
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These images of the Pacific Ocean near Indonesia were pro-
duced using sea-surface height measurements taken by the
TOPEX/Poseidon satellite. In December 1996 (left image), red
and white areas indicate the presence of warm, higher-than-
average sea level; by August 1997 (right image), sea level
dropped well below average as shown by purple areas. This
data has helped determine the presence of the extreme
weather condition known as El Nifio. For more information
on NASA’s El Nifio research — and other important innova-
tions on display at Technology 2007 — see the highlights
beginning on page 24.

Images courtesy of NASA's Jet Propulsion Laboratory

NASA Tech Briefs, November 1997



LINEAR STATIC FEA IS FINE IF
YOU MAKE STONE STRUCTURES
WHICH AREN’T GOING TO MOVE
FOR THOUSANDS OF YEARS.

‘p\RAMID ENGINEERS DID NOT
NEED 7O PLOT SUCH THINGS
AS ACCELERATION OR STRESS

IN THE REAL MECHANICAL WORLD REAL TH S EXPERIENCE
DYNAMIC LOADS THROUGH IMPACT AND OTHER CHANGES lNd
MOTION AND ARE NEVER COMPLETELY RIGID. ACCUPAK/VE
SIMULATES REAL EVENTS WITH FLEXIBLE BODY MOTION AND |
PREDICTS IF AND WHEN A PART WILL FAIL AND PRODUCES A
COMPLETE ANALYSIS OF STRESS VS. TIME. |

e

ACCUPAK/VE IS NOT LIMITED TO “RIGID BODY” MOTION. “ \/
FLEXIBLE BODY MOTION AND FEA IN ONE PROCESS! 4 —

BELOW, SCENES FROM A RECENT ALGOR VIDEO SHOW ACCUPAK/VE PREDICTING WHAT HAPPENS TO AN
ALUMINUM BAR WHEN A WEIGHT IS PLACED ON ITS END. THE EVENT SIMULATION INCLUDES BUCKLING,
THE COMPLETE POST-BUCKLING SCENARIO AND CONCLUDES WITH PERMANENT DEFORMATION.

) - —

,-,',;_:r,. — s i \ d

PRECISION MODELED EXPERIMENT SET UP SIMULATING THE POST-BUCKLING FINAL PERMANENT
WITH ALGOR'S IN LAB EVENT SCENARIO IN THE DEFORMATION SHOWN
SUPERDRAW IlI WITH ACCUPAK/VE LAB IN ACCUPAK/VE

Event simulation is the easy-to-use alternative to linear static Get your free demo video and CD-ROM

and dynamic FEA. _ : to see Algor software in action
*Eliminates need to determine forces by external calculations or

expensive experiments
*Handles motion combined with impact ; ,
world examples combined

*At linear prices 3 , ;
*Shows nonlinear effects such as material yielding or cracking g'::noﬁlg%'eg EQCLI?)C’:E%%

Video includes 18 action-
packed minutes of real-

if they occur in action. CD includes a
*Integrates fU”y with your CAD system complete version of Algor's
[Cad systems supported: | website with detailed infor-
[AutoCAD CADDS MicroStation EDS/Unigraphics BEIGEGIIEN mation and software you

|Cadkey CATIA MSC/Aries SDRC Xitron can try.
CADMAX Intergraph Pro/ENGINEER Solid Edge

You have 4 ways to get a free demo video and CD-ROM: 1 &
WWW.ALGOR COM 1) Call: +1 (412) 967-2700 3) E-mail to: info@algor.com

]
i
2) WWW.ALGOR.COM 4) Complete this form and fax to: - . .
‘ e o (412) 967-2781 i When the Engineering
| Has to be Right
Name __________ Company :
- ~ Algor, Inc.
Address 1 150 Beta Drive, F’IRSDUSA@, PA 15238-2932
s S i ! ¥
City __State/Prov. Zip/Postal Code 1 Phone: +1 (412) 967-2700
i Fax: +1 (412) 967-2781
Country Telephone - California: +1 (714) 564-0844
. 1 Europe (UK): +44 (1) (784) 442 246
Fax = E-mail (ES1) ! E-mail: info@algor.com
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65 Electrically Conductive Thermal-Control
Coating Materials

65 Simplified Micromechanics of
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76 Single-Event, Low-Rebound Energy
Absorber

78 Calibrating Aircraft-Vibration Models
From Flight Data

80 Valve Meters Hot, Pressurized Oxygen
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This document was prepared under the sponsorship of the National Aeronautics and
Space Administration. Neither Associated Business Publications Co., Lid. nor the
United States Government nor any person acting on behalf of the United States
Government assumes any liability resulting from the use of the information conwained
in this document, or warrants that such use will be free from privately owned rights.
The U.S. Government does not endorse any commercial product, process, or activity
identified in this publication.

Permissions: Authorization to photocopy items for internal or personal use, or the
internal or personal use of specific clients, is granted by Associated Business
Publications, provided that the flat fee of $3.00 per copy be paid directly 1o the
Copyright Clearance Center (21 Congress St., Salem, MA 01970). For those organiza-
tions that have been granted a photocopy license by CCC, a separate system of payment
has been arranged. The fee code for users of the Transactional Reporting Service is:
ISSN 0145-319X194 $3.00+ .00
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Refractory Metals
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for Viscoplasticity
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Electronics Tech Briefs

Follows page 72 in selected
editions only.

On the cover:

VM Motori S.p.A. of Pieve di Cento, Italy, created this. .
of a turbo charger using Eureka Gold three-dimensional
mechanical design software from Cad.Lab, Santa Clara, CA.
The native Windows 95/NT software enabled VM Motori, an
automobile engine manufacturer, to integrate surfaces,
wireframes, and solids seamlessly with flexible parametrics.
This month’s Product of the Month, Eureka Gold is
 described in more detail in UpFront, a new monthly editor’s
 page premiering in this issue on page 16.

Image courtesy of Cad.Lab

NASA Tech Briefs, ISSN 0145-319X, USPS 750-070, copyright © 1997 in U.S. is pub-
lished monthly by Associated Business Publications Co., Lid., 317 Madison Ave., New
York, NY 10017-5391. The copyright information does not include the (U.S. rights
10) individual tech briefs that are supplied by NASA. Editorial, sales, production,
and circulation offices at 317 Madison Ave., New York, NY 10017-5391. Subscription
for non-qualified subscribers in the U.S., Panama Canal Zone, and Puento Rico,
$75.00 for 1 year; $125 for 2 years; $200.00 for 3 years. Single copies $10.00. Foreign
subscriptions one-year U.S. Funds $195.00. Remit by check, draft, postal, express
orders or VISA, MasterCard, and American Express. Other remittances at sender’s
risk. Address all communications for subscriptions or circulation 10 NASA Tech Briefs,
317 Madison Ave., New York, NY 10017-5391. Periodicals postage paid at New York,
NY and additional mailing offices. Standard mail enclosed in versions A and G.

Bulk Rate, U.S. Postage Paid,
Waseca, MN, Permit No.148

NASA Tech Briefs, November 1997



Call about Continuum '97 - National Seminar Series Featuring MicroStation® SE.

Take 1t fromconeept

Only Beﬁtley’s comprehensive mechanical enginéen'ng

products do it all in a single system.

Here's where it all comes together. Now you can design, document
and share your ideas all within a fully integrated environment.

Bentley has assembled a complete offering of mechanical
engineering products. Products that cover every aspect of
mechanical engineering design, streamlining every step of your
workflow. Bentley’s Single Engineering Model helps you move
through the product cycle from conceptual design to
manufacturing, through simulation, analysis, preproduction,
engineering and manufacturing. When you make changes to your
design, all components—including documentation—are updated
automatically, virtually eliminating errors and omissions.

The Bentley Engineering Back Office™ range of products unites
desktop engineering systems with enterprise IT and database
systems for information sharing via the Internet. Best of all, our
products are scalable to meet the demands of your projects—
bringing together best-in-class applications into a single,
powerful solution.

Go from concept to final design with Bentley. Call
1-800-BENTLEY for a free demo CD or visit www.bentley.com

MiecroStation Modeler®: For creating complete
models for design, analysis and manufacturing.
Combines parametrie, variational and feature-based
solid, surface and assembly modeling methods.
Especially productive for 2D and 3D models.
Included free—MechanicalDetailer™ for integrated
mechanical drafting and detailing, ADAMS/MS
Motion™ for assembly simulation and COSMOS/M
DESIGNER ONE™ for state-of-the-art FFE® (Fast
Finite Element) analysis.

MicroStation® MasterPiece™ For spectacular
visualization,

MicroStation® TeamMate™ 96: For document
management.

COSMOS/M DESIGNER I1": For structural analysis.
ADAMS/MS Mechanisms™: For advanced assembly
simulation.

ESPRIT/MS™: For manufacturing and sheet metal
design.

MoldDesign"™: For mold base design.

Engineering ‘the ‘future together

610-458-5000 ¢ S800-BENTLEY ¢ FAX: 610-458-1060 » www.bentley.com

¢ ering Back Office, MechanicalDetailer, MasterPiece, TeamMate, MoldDesign,
“Engineering the future together,” Bentley and the “B” Bentley logo are trademarks of Bentley Systems, Incorporated. COSMOSM DESIGNER ONE, COSMOSM
DESIGNER 11 and FFE are trademarks of Structural Research & Analysis Corp. ESPRIT/MS is a trademark of DP Technology Corp. ADAMS/MS Motion and
ADAMSMS Mechanisms are trademarks of Mechanical Dynamics, Inc.  © 1997 Bentley Systems, Incorporated

MicroStation and MicroStation Modeler are d tradi rks; E

A
BENTLEY
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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

ABh
RIGB

wr

SPECTRUM®
A visual communications company™

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

10 For More Information Circle No. 408
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We may never eliminate all the
friction caused by the automobile.

Some friction is beyond our control. But there's a lot being done to reduce engine
friction, especially at The Torrington Company. Our engineers are applying advanced
valve train component technology at facilities around the world. They're designing,
testing and manufacturing roller rocker arms, lifter rollers, roller finger followers and
¢ assembled camshafts that reduce friction. So you can reduce fuel consumption and

premature wear while improving engine efficiency. For over a half century, we've

been helping car makers drive performance standards TORRINGTON
INGERSOLL-RAND

higher and higher. Progress Through Performance




WORK LIKE THIS IS WHY MECHANICAL DESKTOP
{ Introducing Mechanical Desktop® 2.0, how more design

© Copyright 1997 Autodesk, Inc. Autodesk, Mechanical Desktop and the Autodesk logo are registered trademarks of Autodesk, Inc. "Design Your World” is a trademark of Autodesk, Ine: All pther trademarks
belong to their réspective owners, Bac kground names are registered Mechanieal Desktop users. *Source: Daratech, Inc. Midrange modeler instulled base year-end 1996



Everyone wants a shorter })TO(IU(’f—

to-market cycle. That's why tens

o)

<) -

€ of thousands of engineers have

g

~< D y

e, - already made Mechanical Desktop
5?04,_@ the best selling PC-based 3D

> ,

s modeling software. And now there’s
!

Mechanical Desktop 2.0. It supports

the way you naturally work. You're
free to use 3D modeling or 2D

drafting, whichever’s needed. You

BECAME THE 5-TO-1 FAVORITE.

professionals are moving to 3D modeling.}

have all the benefits of feature-based
parametric solid modeling, NURBS
surface modeling, assembly modeling,

associative drafting, as well as DWG

¢5'%4
o Y
N Autodesk. <-
o L o

compatibility. And our Mechanical
Applications Initiative (MAI) enables
you to create a seamless design-
through-manufacturing solution
with finite-element analysis, sheet
metal fabrication, kinematics, NC
programming and more. Call for
more information today. Or, simply
ask your colleagues. 5-to-1° says

they chose Mechanical Desktop.

, For a Free Demo CD, call 1-800-964-6432
Request Demo Pak #5467 or get
information on education discounts.
And visit www.autodesk.com/s467




NASA

Team

Commercial
Technology

NASA’s Technology Sources

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

Ames Research
Center

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

Human Factors.
Bruce Webbon
(415) 604-6646
bwebbon@mail.
arc.nasa.gov

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

(805) 258-3802
duke@iouie.dfrf.
nasa.gov

Goddard Space Johnson Space
Flight Center Center
Selected techno-  Selected techno-
logical strengths:  logical strengths:
Earth and Artificial
Planetary Intelligence
Science and Human
Missions; LIDAR; ~ Computer
Cryogenic Interface;
Systems; Life Sciences;
Tracking; Human Space
Telemetry; Flight Operations;
Command. Avionics; Sensors;
George Alcomn Communications.
(301) 286-5810 Hank Davis
galcom@gsfc. (713) 483-0474
nasa.gov hdavis@gp101.jsc.
nasa.gov
Jet Propulsion
Laboratory Kennedy Space
Selected techno- Center
logical strengths: Selected techno-
Near/Deep- logical strengths:
Space Mission Environmental
Engineering; Monitoring;
Microspacecraft;  Sensors; Corrosion
Space Protection;
Communications; Bio-Sciences;
Information Process Modeling;
Systems; Work Planning/
Remote Sensing; Control;
Robotics. Meteorology.
Merie McKenzie Gale Allen
(818) 354-2577 (407) 867-8035
merle.mckenzie@ galeallen-1@
ccmail jpl.nasa.gov  ksc.nasa.gov

Langley Research
Center

Selected techno-
logical strengths:
Aerodynamics;
Flight Systems;
Materials;
Structures;
Sensors;
Measurements;
Information
Sciences.

Dr. Joseph S.
Heyman

(804) 864-6006
j.s.heyman
@larc.nasa.gov

Lewis Research
Center

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

Ann Heyward
(216) 433-3484
cto@
lerc.nasa.gov

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

(205) 544-5419
harry.craft@msfc.
nasa.gov

Stennis Space
Center

Selected techno-
logical strengths:
Propulsion
Systems;
Test/Monitoring;
Remote Sensing;
Nonintrusive
Instrumentation.
Kirk Sharp

(601) 688-1929
ksharp@
ssc.nasa.gov

NASA-Sponsored Commercial Technology Organizations

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

Dr. David Moran Dr. William Gasko Gary Sera Chris Coburn
National Technology Center for Technology Mid-Continent Great Lakes Industrial
Transfer Center Commercialization Technology Transfer Technology Transfer
(800) 678-6882 Massachusetts Center Center
Technology Park Texas A&M University Battelle Memorial
(508) 870-0042 (409) 845-8762 Institute
Ken Dozier (216) 734-0094
Far-West Technology J. Ronald Thornton Lani S. Hummel
Transfer Center Southern Technology Mid-Atlantic Technology
University of Southern Applications Center Applications Center
California University of Florida University of Pittsburgh
(213) 743-2353 (904) 462-3913 (412) 383-2500

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

NASA'’s R&D efforts produce a robust supply of promising technologies with applications in many
industries. A key mechanism in identifying commercial applications for this technology is NASA's
national network of commercial technology organizations. The network includes ten NASA field cen-
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium
(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area.

NASA Program Offices

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

Carl Ray

Small Business
Innovation Research
Program (SBIR) &
Small Business
Technology Transfer
Program (STTR)
(202) 358-4652
cray@mail.hq.
nasa.gov

Dr. Robert Norwood
Office of Aeronautics and
Space Transportation
Technology (Code R)
(202) 358-2320
morwood@mail.hg.
nasa.gov

Philip Hodge

Office of Space Flight
(Code M)

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

nasa.gov

Gerald Johnson
Office of Aeronautics
(Code R)

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

Bill Smith

Office of Space Sciences
(Code S)

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

Bert Hansen

Office of Microgravity
Science Applications
(Code U)

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

Granville Paules
Office of Mission to
Planet Earth

(Code Y)

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

NASA's Business Facilitators

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

promise.

Karen Robbins
American Technology
Initiative

Menlo Park, CA
(415) 325-5353

Dr. Jill Fabricant
Johnson Technology
Commercialization
Center

Houston, TX

(713) 335-1250

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

Joe Boeddeker
Ames Technology
Commercialization
Center

San Jose, CA
(408) 557-6700

Dan Morrison
Mississippi Enterprise
for Technology
Stennis Space
Center, MS

(800) 746-4699

If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis Center, (505) 277-3622.
For software developed with NASA funding, contact the Computer Software Management and Information Center (COSMIC) at phone: (706) 542-3265; Fax: (706) 542-
4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu.
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The Preeminent Supplier of
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UpFront

Welcome to UpFront, a new monthly editor’s choice page that features the Product of the Month, NASA news, reader comments,
and other items of importance to our engineering audience. Please e-mail your comments to me at linda@abptuf.org
— Linda L. Bell, Chief Editor
Toy tory
It rocks and rolls, just like the real
one. Mattel’s Hot Wheels JPL
Sojourner Mars Rover Action Pack
Set, a toy version of the Mars
Pathfinder Sojourner rover, recreates
the real rover’s distinctive, six-
wheeled “rocker-bogie” locomotion
system. The die-cast metal toy is avail-
able nationwide and was created by
Mattel through the Technology
Affiliates Program at NASA’s Jet
Propulsion Laboratory (JPL). Through the program, corporations like Mattel
form strategic alliances with JPL to license intellectual property. The toy is an
exact model in exterior appearance of the Sojourner, and features many work-
ing, moving parts. “We hope this does indeed turn out to be a big hit,” said
Merle McKenzie, manager of JPL's Commercial Technology Office. “After all,
what better way to inform the public about the space program and get everyone
enthused about the marvelous technology it has inspired?”
For More Information Circle No. 750

Cad.Lab, Santa Clara, CA, has
introduced Eureka Gold 97 3D

mechanical design software operat-
ing in a native Windows environ-
ment. Features include integrated
conceptual design, engineering, and
documentation that allow users to
design within a single software envi-
ronment. Surfacing capability for
styling and concept design phases is
integrated with 3D solids modeling.
Unrestricted legacy data usage
enables access and reuse of existing
CAD geometry, and flexible para-
metrics allow for partially con-
strained or unconstrained geometry
of features, parts, and assemblies.
Product data management is
enabled wusing the optional
TeamManager™ through support of
relational data management systems
such as Oracle.
For More Information Circle No. 748

Shake, Rattle, and Roll
Earthquake researchers measuring the move-
ment of the Earth’s surface with the Global
Positioning System (GPS) have concluded that
the Northridge, CA earthquake has continued
in a “quiet” way, and the Granada Hills have
risen about 16 centimeters (approximately 6
inches) since the first jolt in January of 1994.
The Southern California Integrated Global
Positioning System Network (SCIGN) is con-
ducting the research. Scientists from NASA’s Jet
Propulsion Laboratory, the Scripps Institution
of Oceanography, the U.S. Geological Survey,
and the Southern California Earthquake Center
are collaborating on efforts to increase the num-
. . ber of permanent GPS receivers in Southern
Current JPL-SCIGN GPS monitor sta-

tions and major Southern California California.
fault lines. For More Information Circle No. 753

W

Reader Comments

“We are currently bidding the Land Transportation Office Information Technology
Project, which will utilize massively parallel processing computers, employ data ware-
house technology, and use Internet/Intranet strategies to provide wider access by
external and internal users compared to traditional client/server technologies in the
LAN/WAN environment. We would appreciate very much any recent information,
especially the Next Generation Internet’s path within the next ten years.”

Renato Tababa, Director for Operations and IT Project
Land Transportation Office, Dept. of Transportation & Communications

Don’t forget to cast

Quezon City, Manila, Philippines your vote for NASA
Tech Briefs’ 1997
(Editor’s Note: Renato, there is a wealth of recent information available on the Next Product of the Year.

Generation Internet (NGI). Initiated by President Clinton on October 10, 1996, the NGI was You'll
designed to help create the foundation for the Internet and networked applications of the 21st cen-
tury. NASA is one of six federal agencies backing the NGI project, which should improve the end-

to-end performance of the Internet by 100 to 1000 times. You can find more information by access-
ing the NGI web site at: http://www.ngi.gov)

find a ballot
in the December
issue.
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Technical Graphics

MATLAB 5 lets you visualize physical
phenomena like this shock wave
propagating in a fluid.

Mapping

The new MATLAB Mapping Toolbox
can be applied to environmental,
oceanographic, and defense
applications.

Image Processing

This Radon fransform of a spine
X-ray illustrates one of the many

Now see what

you think.

New MATLAB 5, now with advanced
visualization and a complete language
for application development.

New Visualization Power

Now you can quickly create more
informative and revealing 2-D and
3-D graphics directly in MATLAB 5.
Gain insights into complex systems

using capabilities like lighting and

shading, camera control and texture

mapping. Efficient new algorithms

make even irregularly-sampled data

display faster and easier.

Multidimensional Arrays
and Structures

Now the MATLAB matrix
computing language supports

multidimensional arrays and user-

definable multitype data structures.

MATLAB 5 includes a full set of
functions for manipulating and
analyzing multidimensional data,

and even visualizing 3-D slices.

Application Development

A host of language and data
management enhancements make
algorithm and application
development fast and intuitive.
We added:

« visual debugger/editor

» function performance profiler

« point-and-click GUI builder

« object-oriented programming

New Toolboxes

Companion toolboxes offer
application-specific graph types,
analysis functions, and interactive
interfaces. New and updated
toolboxes include:

D Mapping Toolbox

L7047 Image Processing Toolbox
{07041 Signal Processing Toolbox
% Control System Toolbox

See how MATLAB 5 can work for you. Call for your

free copy of the MATLAB 5 Special Edition Newsletter.

The

MATH

MATLAB

Call 508-647-7000
Visit www.mathworks.com/ntb

The MathWorks, Inc. ® 24 Prime Park Way, Nofick, MA 01760-1500 USA
tel: (508) 647-7000 o fax: (508) 647-7101  e-mail: info@mathworks.com  hitp://www.mathworks.com

Empl P hitp:// wwrw mathworks.com/newjcbs.itmi © Connections OEM/VAR progrom: hitp://www.mathworks com/cem

uses of the Image Processing

bo Dutside the U15. ond Conods, contoc: Austrolic: + 61-2-9922-6311 » Benelux: + 31 (0) 182-53.7644 # Brazik + 55-11-816-3144 « Caech Republic: + 42-268-44-174
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New Timing

System Design
Tools from The

Masters of
Time.

Call today for TymCD™, Datum'’s exciting
new CD-ROM. Design wizards guide you
through vexing system design issues, helping
you select just the right time or frequency
product. Backed by animated application
notes, instructional videos and a wealth of
product design data, this off-line design tool
is powerful, easy to use and a great time
saver.

Visit www.datum.com to access the
product design data available on TymCD. The
precision time and frequency product you
need is as close as your Internet browser.

Datum with its wide range of GPS
Satellite Time Receivers, Time and Frequency
Instrumentation, Computer Bus Level Timing
Modules, Network Time Servers and Custom
Time and Frequency Reference Systems is
a world leader in precision time and
frequency products.

(> patum Iinc

THE MASTERS OF TIME"

Bancomm-Timing Division
6781 Via Del Oro

San Jose, California 95119-1360
Tel: 408.578.4161

Fax: 408.578.4165

Email: bt_sales@datum.com

For More Information Circle No. 409

Reader Forum

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

Cal Poly Space Systems currently is designing payloads
for Nike Orion rockets. Information that we have
received from NASA Tech Briefs has helped us in the
areas of RF design, data acquisition testing and design,
power supply options, software, design solutions, and
transducer selection.

Roman Devengenzo
Cal Poly Space Systems
San Luis Obispo, CA

I am trying to locate a source for an electronic slope
sensor (inclination/inclinometer), also called a clinometer.
Any help would be appreciated.

Dr. John Morrison

U.S. Dept. of Agriculture
Agricultural Research Service
Temple, TX

We have used some ideas from NASA Tech Briefs and
currently we have NASA engineers working on some
problems with us. | would like some information on com-
puter programs that show water flow past a body or
shape. Thank you.

Ivan L. Reddington
Bagley Bait Co.
Winter Haven, FL

I read the brief in the June 1997 issue entitled
"Window Units for Solar-Assisted Heating and Cooling"
(page 54). It described thermostatic devices similar to
devices we have developed. In one of our applications,
the position of a damper controlling air flow across a heat
exchanger was modulated in response to coolant temper-
ature flowing through the actuator. The actuator is the
engine liquid cooling air flow control flap actuator on the
Theseus, a remotely-piloted twin engine aircraft now
being developed for NASA. | continue to enjoy NASA Tech
Briefs and appreciate the importance of their technology
sharing mission.

Nick Tallos
Engineering Manager
valves@thermomegatech.com

Post your letters to Reader Forum on-line at:
www.nasatech.com or send to: Editor, NASA Tech Briefs,
317 Madison Ave., New York, NY 10017; Fax: 212-986-7864.
Please include your name, company (if applicable),
address, and phone number or e-mail address.
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THINGS THAT SEEM TO LAST AN ETERNITY

a. Fruitcake

b. Root canal

d. Farts lubricated with Krytox®

Why do components with DuPont Krytox® last practically
forever?

For starters, Krytox* lubricants are based on exclusive
space-age fluoropolymer technology. Available in oil, grease and
dry film, Krytox® provides long-lasting lubrication over the
broadest range of temperatures (-70°F to 650°F) in even the
most extreme conditions. Krytox® is also compatible with metals,
elastomers, engineering plastics — and all chemicals including
oxygen — which means it’s nonflammable, chemically inert, and
insoluble in solvents and water. It’s clean, white, and it stays

http://www.lubricants.dupont.com

put, with virtually no change in physical properties over time.
And if you're looking for a clean solution to the assembly and
operation of moving parts, try easy-to-apply Krytox® dry film.
Whether your application is automotive, aerospace, small
motors, paper making or chemical processing, you just can’t get
a longer-lasting lubricant than Krytox®. For more information,

call 1-800-424-7502. Krytox®.

Lubrication beyond your

highest expectations.
Krytox®
performance lubricants

For More Information Circle No. 526
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Il ensor Helps Keep Shuttle Fuel Tank Safe

$2 two-stage chilled mirror sensor
EdgeTech

Milford, MA

508-478-9500

Fax: 508-478-1456

www.edgetech.com

The large orange external fuel tank of the Space Shuttle is
constructed of an ultra-lightweight aluminum-lithium and con-
sists of two smaller tanks that are filled with liquid oxygen and
liquid hydrogen. Before delivering the tanks to NASA for use,
Michoud Space Systems, a Lockheed Martin company that man-
ufactures and supplies the tanks, performs a number of accep-
tance tests, including one that verifies the dew point level inside
the tanks before they are pressurized.

The tank measures approximately 154 feet in length and 28
feet in diameter, and holds 1.3 million pounds of liquid oxygen
and 227,000 pounds of liquid hydrogen. Test engineers first
pressurize the tank to 6 psig and check for leaks. The tank is
then purged with nitrogen gas over a three- to four-hour period,
after which a dew point reading is taken. NASA specifies that the
dew point level of the gas must be -15°C or less. If a higher dew
point reading is indicated, the tank is purged again and anoth-
er gas sample is taken. If excess moisture remains in the tank
after it has been purged, corrosion could result, weakening the
external tank.

The two-stage chilled mirror sensor is capable of achieving
dew points exceeding NASA's specification — it can measure
from -50°C to 100°C, The heart of the sensor is a hermetically
sealed module containing a rhodium mirror attached to a
two-stage thermoelectric cooler. The mirror module is designed
as an integral unit to eliminate intermittent signals, A chilled
mirror measurement also does not need to be compensated
for temperatures that might vary during the dew point verifica-
tion procedure.

For More Information Circle No. 757

The space shuttle’s large brown-orange external fuel tank,
shown here on the Shuttle Columbia, requires a battery of
acceptance tests before use, including testing of the dew point
level inside before pressurization. (Photo courtesy of NASA)

B pace Station Design With Windows Program

99

FEMAP analysis modeling/visualization software
Enterprise Software Products

Exton, PA

610-458-3660

Fax: 610-458-3665

www.femap.com

Boeing Defense & Space Group, the prime contractor to NASA
for the design, development, and on-orbit performance of the U.S.
components of the International Space Station, has outfitted all
major Integrated Project Teams with FEMAP software for modeling
and visualizing their design analysis studies. The teams use the
Windows/Windows NT environment software to solve the required
stress and dynamics analyses.

The International Space Station, an orbiting laboratory that will
enable beneficial scientific research that cannot be performed on
Earth, is scheduled to be placed in orbit in 1998. It will sprawl across

www.nasatech.com

an area nearly the size of two football fields, and be visible to the
naked eye as it passes overhead at an altitude of about 220 miles.

Boeing evaluated FEMAP on a limited basis last year, and
proceeded with a ramp-up of the software early this year. Now, essen-
tially all mechanical analyses for the Space Station are modeled,
visually interpreted, and documented using FEMAP, which was
integrated with Boeing's Windows 95 and Office 95 information
systems environment.

For More Information Circle No. 756
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APPROACHED A
THROUGHPUT SPEED OF
1 GB PER MINUTE IN OUR
BENCHMARK TEST.”

September 1997, BackOffice Magazine

250 GB. 18 MB/s.

No matter what you need to achieve in storage, Cybernetics has a solution
that will take you there - fast.

We start with a single AIT drive, the CY-8000, capable of writing 25 GB to a
single tape at 3 MB/s, uncompressed. With our exclusive Data Compression option,
you can write up to 125 GB to a single tape, at speeds of 9 MB/s.

But as the editors at BackOffice found out, you can achieve breakthrough
performance with the Advanced SCSI Processor, which lets two or more tape drives
work together in a variety of recording modes: striping, mirroring, cascade,
independent, and offline copy/verify. So :
you not only backup fast, you can do other ——
things as well - like add fault tolerance, make
duplicate tapes for off-site storage or data |
exchange, write to one drive while you read i

A built-in head cleaner, : i e
S0 Cbiils, o with another - and more.
use of AME tapes make Fact is, only Cybernetics can deliver a

the CY-8000 the smartest

choice. storage solution with the performance and

flexibility you need for today’s demanding backup applications. As the
pioneer in AlT, we bring you the only full featured, field tested
solutions on the market, offering plug compatibility with virtually every A/ libraries can
computer system and network running. e e,
See for yourself why critics are raving about the performance @ 1575 TE.
of our Advanced SCSI Processor and why Cybernetics tape subsystems are at work

day and night at thousands of Fortune 500 sites around the world. Call today for

details at (757) 833 - 9000 ext. 114

Alliant - Alpha Micro - Altos - Amdahl - Apollo - Arix - AT&T - Basic-4 - Bull - Concurrent - Convergent
Data General - Digital - Gould/Encore - Harris - Honeywell - HP - IBM PC/Compatible
IBM Midrange/Mainframe - ICL - Intergraph - Macintosh - McDonnell Douglas - Motorola - NCR - NeXT
Novell - Pertec - Prime - Pyramid - Sequent - Silicon Graphics - Stratus - Sun - Texas Instruments
Unisys - Ultimate - Wang - Windows NT

111 Cybemetics Way, Yorktown, Virginia 23693 i i3 NET' S
Fax (757) 833 - 9300 R ig ( :
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Technology 2007: The Fuiure on Display

More than 6,300 engineers, scientists, and government and industry leaders attended Technology 2007 in
Boston from September 22-24. Held in conjunction with the Photonics East and Electronics Imaging
International conferences and exhibitions, Technology 2007 featured new products and technologies on dis-

play by nearly 200 exhibitors. Here are some of the innovative technologies highlighted at the show.

environment by observing the )

snow, and how they influence our clir

Mission to Planet Earth was launched

an environmental system. The program comprises three compo-
nents: Earth-observing satellites, an advanced data system, and a
team of scientists who will study the data.

Phase I of the program is comprised of focused, free-flying
satellites; Space Shuttle missions; and airborne and ground-based
studies. Phase II begins next year with the launch of the first
Earth Observing System (EOS) satellite, which will generate a 15-
year environmental database focused on climate changes. This
information will help scientists understand the world’s oceans
and their effects; measure harmful ultraviolet radiation; predict
regional seasonal and annual precipitation for agriculture; docu-
ment the success of international ozone protection treaties; and
show how the Earth’s surface is changing due to volcanoes, earth-
quakes, wind, and rain.

Taking advantage of the wealth of data already obtained since
the program’s launch in 1991, scientists have been able to under-
stand the weather-disrupting phenomenon called El Nino and
what processes produce these extreme weather conditions. The
key element of the El Nifo phenomenon is the interaction
between the winds in the atmosphere and the sea surface. The El
Nino is thought to be triggered when steady westward trade winds
weaken and reverse their direction, allowing the large mass of

' flooding in California,

U.S., and severe droughts in
Scientists believe that El Nino conditions in 1993 were responsi-
ble for $8 billion in damages in 33 countries.

Launched in 1992 as part of MTPE, the U.S.-French
TOPEX/Poseidon satellite has been observing global ocean
topography. The Pacific Ocean sea-surface height measurements
and atmospheric water vapor information obtained have provid-
ed convincing evidence that El Nino is back and as strong as ever.
“The new data collected since April 1997 confirm what we had
earlier speculated upon and what the National Oceanic and
Atmospheric Administration (NOAA) has predicted — a full-
blown El Nino condition is established in the Pacific,” said Dr.
Lee-Lueng Fu, project scientist for TOPEX /Poseidon at NASA’s
Jet Propulsion Laboratory, Pasadena, CA.

Fu reported that the “seasurface height off the South
American coast is ten inches higher than normal, which is com-
parable with the conditions during the so-called ‘El Nino of the
century’ in 1982-83." NASA’s Upper Atmosphere Research
Satellite (UARS), managed by NASA’s Goddard Space Flight
Center, has recently collected atmospheric water vapor data that
supports the presence of El Nino conditions.

For more information on NASA’s Mission to Planet Earth, visit the web
site at hittp://wuww.hq.nasa.gov/office/mtpe or call 202-358-0706.

These images of the Pacific Ocean near Indonesia were produced using sea-surface height measurements taken by the TOPEX/POSEIDON satellite.
They show sea-surface height relative to normal ocean conditions during December 1996 and August 1997. In December (left image), red and white
areas indicate the presence of warm, higher than average sea level around Indonesia. BK Auﬁust 1997 (right image), sea level dropped well below

average as shown by purple areas. White and red areas indicate patterns of unusually high

eat storage; in white areas, sea surface is between 6

and 13 inches above normal; in red areas, it is about 4 inches above normal.
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actuated via the control computer. Neutral is achieved by means
of an electrically controlled hydraulic clutch that completely dis-
engages the engine and transmission. Handling is improved
overall because there is no intermittent torque transfer from
one axle to the other on either front or rear wheels.

All the system’s components are completely mechanical
except for the varying-velocity synthetic oil used to shift the
transmission. PVD has U.S. patents on the major components of
the two systems, and says that these have been constructively
reduced to practice.

For more information, contact PVD at 185 Pleasant Way, Penfield,
NY 14526; Tel: 716-381-0728.

Bridging the Gap

special program track featured Carol G. Cohen, program

manager of assistive technology for the National Institute on
Disability and Rehabilitation Research (NIDRR), part of the U.S.
Department of Education. “Solutions for Persons with Disabilities:
Bridging the Assistive Technology Gap” brought together repre-
sentatives from federal labs, NASA, R&D organizations, industry,
and the consumer market to discuss how they can collaborate to
develop solutions to assistive technology problems.

Assistive technology (AT) is defined as “any device, item, piece
of equipment or product system, whether acquired commercial-
ly off-the-shelf, modified, customized, or developed that is used
to increase, maintain, or improve the functional capabilities of
an individual with a disability,” according to the Technology-
Related Assistance for Individuals with Disabilities Act
Amendments of 1994.

A number of assistive technology-related organizations already
have joined to locate partners and collaborators to move sophis-
ticated technologies into the disability market. The Consumer
Assistive Technology Transfer Network (CATN) is a central net-
work that identifies links to resources for consumers requiring
solutions to difficult assistive technology problems. The CATN
also helps developers, researchers, and engineers identify
resources for commercialization of prototypes and technology
applications. NIDRR supports the CATN as an initiative to
expand consumer involvement in assisitive technology transfer.
The network is funded by NIDRR and represents:
¢ the Federal Laboratory Consortium (FLC), which consists of

more than 500 research and development federal labs;

e the Rehabilitation Engineering and Assistive Technology
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of technology to benefit people with disabilities, according to
Dr. Alfred Pappano, manager of the Commercial Development
Office at NASA’s Jet Propulsion Laboratory in Pasadena, CA.
Pappano is spearheading NASA’s involvement through fund-
ing by the agency’s Commercial Technology Division. He -
stressed that NASA does not seek to enter the assistive tech-
nology product manufacturing arena. Rather, NASA’s goal is to
find ways in which its technologies can be used in the assistive
device market, and to successfully transfer those technologies
to the manufacturers.

NASA's advances in the fields of imaging, electrical stimu-
lation, and computer equipment already have been commer-
cialized for use by people with disabilities. Pappano said he
hopes awareness of the potential benefits of NASA technolo-
gies will grow, helping to get new products into the hands of
the consumers.

For more information, contact the following: CATN at 505-989-9409
or http://www.rt66.com/catn.org; RESNA at 703-524-6686 or
http://www.resna.org/resna/reshome.htm; RERC-TET at 716-829-
3141; CAP at 703-681-8811 or hitp://wuww.ha.osd.mil; Dept. of
Veterans Affairs at 410-962-1800; Dr. Al Pappano, NASA JPL, at 818-
354-5007.

Small Businesses —
Big Innovations

he Small Business Innovation Research (SBIR) Pavilion

offered wide-ranging and innovative technology on display.
Aerodyne Research of Billerica, MA, demonstrated its plant fluo-
rescence sensor, developed under Phase I and Phase IT SBIR con-
tracts with NASA Stennis Space Center, Mississippi. The goal of
the project was a robust Fraunhofer spectral line discriminator
for the in situ sensing of sunlight-excited fluorescence, especially
from plants. Aerodyne’s patented device collects light from a tar-
get and passes it through a cell containing oxygen at low pres-
sure, which absorbs light at exactly the wavelengths strongly
absorbed by atmospheric oxygen. Thus, the absorbed energy is a
measure of the intensity of target fluorescence, with minimal
response to incident sunlight. Because these bands also happen
to be close to features of chlorophyll’s fluorescence spectrum,
the device efficiently measures emissions from green plants, pro-
viding a measure of plant stress, and indicating a lack of water or
nutrients, the onset of disease, or pest damage. The sensor’s
applications include irrigation/water conservation, precision
farming, forest management and health monitoring, and the
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impact of farming on greenhouse gases.

For more information, contact Aerodyne
Research at 45 Manning Rd., Billerica, MA
01821-3976; Tel: 508-663-9500; Fax: 508-
663-4918.

Theseus Logic, St. Paul, MN, displayed
its NULL Convention Logic™ (NCL™),
described as a unique delay-insensitive
logic that transcends the need for clocks
to control microcircuit functioning.
Theseus said the patented NCL, support-
ed with SBIRs from the Ballistic Missile
Defense Office and the Defense
Advanced Research Projects Agency, rep-
resents a paradigm shift. Tomorrow’s
microprocessors are likely to be so com-
plex and their features so small that glob-
al synchrony may give way to asynchro-
nous design. Until now, approaches to
asynchronous design have axiomatically
assumed that Boolean logic, the basis of
virtually all digital design today, is funda-
mental. But with NCL, Boolean logic
is replaced with a logic that integrates
data transformation and control into a
single expression, yielding inherently
clockless circuits.

For more information, contact Theseus Logic
at 1080 Montreal Ave., Suite 200, St. Paul,
MN 55116-2325; Tel: 612-699-6622; Fax:
612-699-6933.

Advances in electronics have led to
extensive use of communication and com-
puting in the field. As a result, the
demand has increased for portable elec-
tric power beyond what can be supplied
by batteries. InterScience of Troy, NY, has
developed a line of lightweight, diesel-
powered electric generators in the 3 kW
to 10 kW range to address this need.

The generator design makes use of

man-portable,

www.nasatech.com

advanced permanent magnet and power
electronics technologies to achieve lighter
weight and greater output. The design of
the generators is modular; the output
power of each module is a function of the
diameter of the module and the frequen-
cy of the prime drive. The modules also
can be stacked to scale up the total power
output for larger engines. A standard 9-
inch diameter module that outputs 1 kW
at 3,600 RPM has been developed for a 3
kW generator that weighs less than 100
pounds. A 12-inch diameter module that
can output 2 kW each at 3,600 RPM is
under development for a 6 kW generator
that will weigh less than 150 pounds. Both
generators are man-portable, requiring
no towing.

The units are configurable to output
single- or three-phase AC power at 120,
208, and 240 volts at 60 and 400 Hz, and
DC power at 12 and 28 volts. Both units
use commercial off-the-shelf (COTS) air-
cooled, single-cylinder diesel engines as
the prime drive. InterScience is develop-
ing a 10 kW unit with a watercooled
COTS diesel engine and sound suppres-
sion that will weigh less than 250 pounds.

The generators weigh significantly less
than those currently in use by the mili-
tary that weigh from 350 to 1,250
pounds and require a trailer for trans-
portation. Other potential applications
include regenerative brakes on electric
and hybrid vehicles, as automotive and
motorcycle alternators and starter

motors, and as emergency power.

For more information, contact David
Connoly, Dir. of Mktg. of InterScience at 518-
283-7500 or visit the company’s web site at
hitp:/ /www.intersci.com

InterScience’s |i3htwei ht generators are coupled with small diesel engines to form a complete,
iesel-driven generator set for mobile electric power.
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full Internet capabilities,
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easier and faster to drag and
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Since AutoCAD 0 uses the same
native . DWG drawing file format as
AutoCAD, any drawing you read of
write with AutoCAD 1 is the same
as with AutoCAD. Every time

il

1.41

Q

Other CAD programs modify drawings

as they read and write the AutoCAD
DWG file format, ausing imprecise
measurements, missing elements,
changed text and incorrect line types.
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PURE

AutoCAD" is the universal language of design
— the world CAD leader. And there’s only one CAD
program that'’s truly compatible: AutoCAD'(t 97.
Now AutoCADLT 97 is compatible with other
leading standards, including Microsoft” Office 97.

The Essence of AutoCAD.

Perfect for designers or projects that do
not require full-blown AutoCAD capabilities,
AutoCADLT 97 works as a drafting tool for
preliminary sketches, detail drawings or final
designs. And now it's even easier. In addition
to complete Internet tools, our new Content
Explorer™ allows you to drag and drop existing
blocks and drawings.

Best of all, AutoCADLT 97 lets you share
files, worry-free, with more than 2 million
AutoCAD and AutoCADLT users worldwide —
from colleagues to clients to contractors.

2 speaks fluent AutoCAD.

100% Full R14 Compatibility.

AutoCADLT 97 is compatible with every version
of AutoCAD, including R14. Other CAD programs
claim to read and write AutoCAD'’s native DWG
drawing file format. And that can be risky because
you could end up with drawing errors. Since
AutoCAD and AutoCADLT 97 use the same DWG
file format, you can share files easily — without
errors. No lost line types, changed dimensions or
jumbled fonts. No long waits for loading or saving.
And, most importantly, no miscommunication
of ideas.

AutoCADLT 97 is available for an ESP of $489 at
software retailers and authorized Autodesk dealers.
Call 1-800-225-1076 and ask for DemoPak A574 or
visit us on the Web at www.autodesk.com/a574.
Then get ready to speak the universal language of
design. Fluently.
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There are
a ton of reasons
o use Vespel just
about anywhere.

The reasons to use Vespel” polyimide parts and shapes If your applications require parts that can withstand

keep piling up. And not just because they stand up to heat, extreme temperatures (cryogenic to 550 F), Vespel® should
friction, pressure and aggressive environments — with be your first choice. Vespel® should also be considered
minimal or no lubrication. Manufacturers are finding that for parts that rub together, if metal parts are too noisy,
Vespel® parts in a wide range of applications can really or if fluid flow needs to be controlled.

trim the bottom line. That’s because the reliability and Superior performance and reliability aren’t the only
long life of Vespel® parts can make them the most cost- ways Vespel® can save you money. Often, you can con-

effective choice for general applications in the long term. solidate two or more existing parts in one Vespel® piece.




Seal Rings.

In the assembly ogxulomobilc
transmissions, and farm and
construction equipment,
Vespel" seal rings reduce
costs by replacing expensive
metal rings, which can fracture
or deform during assembly.
They also reduce warranty
costs by producing

a better seal.

>

Bushings.

+

In aircraft engine vanes, Vespel® bushings withstand high-frequency

vibration dithering and offer excellent stability and lubricity at extreme
temperatures. They also reduce assembly time.

Thrust Washers. 6

In construction equipment transmissions, Vespel®
thrust washers reduce costs and manufacturing time
by eliminating the need for secondary machining.
Vespel® washers also withstand high pressure and
exhibit minimal wear with limited or no lubrication.

Compressor
Discus Valves.

Supermarkets are cooling
foods more efficiently with
discus compressors, featuring
components made of Vespel”
Vespel® not only reduces
energy and noise levels, but
it also offers excellent
wear resistance.
The Vespel® part
is expected

to operate

for 15 years
without failure.

And Vespel® parts can be direct-formed,
which eliminates machining costs.

When you consider how cost-effective
Vespel® parts can be in the long term,
t's clear that we don’t just make better
bushings, bearings, washers and seals.
We make better sense.

vww.dupont.com/enggpolymers

Insulators. ‘

In plasma-arc cutting torches,

Vespel® insulators provide superior
strength and durability at high
temperatures up to 550 F, lasting
up to six times longer than
fragile ceramic insulators.

Thrust
Devices.

The automotive industry counts
on Vespel® thrust devices because
they reduce friction, extend
component life and can be easily
molded. What's more, the variety of
Vespel® grades allows
manufacturers
to specify the
properties they
need most.

o
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Stripper Fingers.
Thanks to its high temperature
resistance, Vespel® parts are
ideal for copier stripper
fingers. The Vespel® fingers
resist heat as well as toner
buildup, allowing a greater
number of copies
without part changes.

Vespel

Polyimide Parts and Shapes
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@ Commercialization Opportunities

Signal-Decay Technique for
Determining Qs of Power
Inductors

An improved resonant-signal-decay

technique is used for measuring electri-
cal losses in quasi-linear inductors in
modern electronic power-supply circuits
operating at frequencies of up to 100
kHz.

(See page 39.)

Biometric Instrument Measuring
Neuromuscular
Disorder/Performance
Degradation

An instrumented pen connected to a
personal computer is used to analyze an
individual’s motor-skill control level.
The instrument can be used to evaluate
the effectiveness of
patients suffering from Parkinson’s dis-
ease, alcohol impairment, or other dis-
eases affecting the neuromuscular
actions.
(See page 40.)

treatments of

Portable Instrument Measures
Ice Profiles

A fast, accurate optoelectronic instru-
ment is used to determine the profiles of
ice deposits on the leading edges of airfoils
in wind-tunnel experiments. The instru-
ment will simplify the study of dangerous
ice formation on the surfaces of aircraft.
(See page 41.)

Programmable Switch Assembly
for Aircraft Systems
An autonomous programmable
switch assembly is a practical answer to
some of the complex and varying sys-
tem-control requirements of research
aircraft. As many as 16 individual cock-
pit switches and indicators can now be
reduced to one.
(See page 56.)

Laser-Based Techniques for

Research on Combustion
Laser-induced incandescence and

laser-induced fluorescence are com-

bined to analyze the images of concen-
trations of polycyclic aromatic hydro-
carbons and of soot in flames and
exhaust gases. The combination forms
a powerful tool for evaluating various
combustors and in determining ways of
reducing atmospheric pollution.

(See page 62.)

Electrically Conductive
Thermal-Control Coating
Materials :

These coatings feature solar absorp-
tance, thermal emittance, and thermal
conductivity. Originally designed as
thermal-control coats on spacecraft,
these materials may be used on indus-
trial and scientific vacuum-equipment
surfaces and do not lose electrical
conductivity during long exposure to
vacuum.

(See page 65.)

FINALLY, A SOLUTION THAT’S MORE
THAN JUST A PRETTY PICTURE.

TECPLOT. Version 7 can solve your day-to-day plotting
and data visualization problems, with ease.

Windows NT/95 and UNIX users.

AMTEC ENGINEERING
WWW.AMTEC.COM

800.676.7568

Amtec and Tecplot are registered trademarks of Amtec Engineering, Inc. of Washington, USA.

»o

More than 10,000 engineers and scientists trust
Tecplot to successfully visualize, analyze, and
present their data. Designed by engineers for
engineers, Tecplot combines power, speed, and a
comprehensive set of features to boost your
productivity. Visit our Web site or give us a call
today to see why Tecplot sets the new standard
in engineering plotting and data visualization for

FREE DEMO!
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Micron innovation at its best.

Revolutionizing workstation
performance, Micron introduces our
exclusive Samurai™ chip set on the
Powerdigm Xsu workstation. A
powerful, Intel processor-based
workstation, the Powerdigm Xsu will
execute your most demanding business
and technical tasks — and it’s flexible
enough to run the most popular

PC programs.

Engineered and developed by Micron,
the Samurai chip set is the first to offer a
64-bit PCI bus, in a system based on
Intel architecture. The Samurai chip set
enables greater bandwidth for engineers,
graphic designers and technical
professionals who demand maximum
throughput from their workstations

and integrated peripherals.

Micron makes sure your needs are
covered. So the Powerdigm workstation
also supports dual monitors, dual
Pentium II processors, multiple
ultra-wide SCSI-3 hard drives and
10/100 network adapters. The Fire

GL video cards offer no-compromise
3D performance and Jaz drives are
standard on both the XsuU and X1
Powerdigm models.

It’s also hard to beat the industry-
leading Micron Power limited warranty
and our award-winning customer

service and support. Call today and find
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@ Heterodyne Interferometers for Subpicometer Metrology
Careful design and implementation reduce rms errors.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Improved heterodyne interferometric
gauges are undergoing development for
use in monitoring distances within root-
mean-square (rms) errors of the order of
a picometer or less. Heretofore, state-of-
the-art commercial and custom-made
interferometers have been capable of
monitoring distances to within rms errors
no smaller than about 1 nanometer.

One of the improved gauges, denoted
a null-metrology gauge, includes two
interferometers with spatially coincident
light paths (see Figure 1). The distance
to be monitored is also required to be
maintained constant to high precision.
To maintain constancy, this distance is
servoed to the null of one interferome-
ter. The other interferometer is used as
a readout device. The use of spatially
coincident light paths makes it possible
to eliminate the effect of air-density fluc-
tuations, which would otherwise give rise
to a minimum achievable rms error of
the order of 10 nm.

The single source of light for both
interferometers is a frequency-stabilized
He/Ne laser. A 45° linear polarizer and
a polarizing beam splitter separate the
laser beam into two beams with orthogo-
nal polarizations (denoted “S” and “P”).
Each of these beams is routed through
one of two acousto-optical modulators.
A frequency of fexists on the radio fre-
quency signal applied to only one of the
modulators. A signal with frequencies of
f+ 10 kHz and f+ 20 kHz is applied to
the other modulator. As a result, the
photodetector output that sees only the
“beat” frequencies contains 10-kHz, 20-
kHz, and 30-kHz signals. Among these,
only 10 kHz and 20 kHz are real signals;
30 kHz is a spurious signal. The modu-
lated beams are recombined by another
polarizing beam splitter, then spatially
filtered in a pinhole assembly.

By use of another polarizing-beam-
splitter—and-polarizer combination, a
small part of the recombined beam is
diverted to a photodiode denoted the
“reference” photodetector. The rest of
the recombined beam enters a beam-
launching assembly that comprises a
polarizing beam splitter and two quar-
ter-wave plates. Half of the recombined
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Figure 1. The Null-Metrology Gauge includes two interferometers implemented with modulated,
polarized light beams from the same laser propagating along spatially coincident paths.

beam passes directly through the polar-
izing beam splitter, then through a 45°
polarizer, and strikes another photodi-
ode, which is denoted the “unknown”
photodetector. The other half of the
recombined beam makes a round trip
between two corner-cube reflectors sepa-
rated by a nominal distance of about 75
cm, then follows along the path of the
preceding half of the beam to the
unknown photodetector.

The outputs of both photodetectors
contain signals at frequencies of 10, 20,
and 30 kHz. (The two different combi-
nations of modulating frequencies make
it possible to distinguish between the two
interferometers in subsequent process-
ing of these signals.) For each frequency,
the difference between the phases of the
signals from the unknown and reference
photodetectors is a measure of the dis-
tance between the cornercube reflec-
tors. (This is the distance that one seeks
to monitor and maintain constant.)

The signals at the three frequencies

www.nasatech.com

are processed by a combination of ana-
log and digital circuitry to obtain, from
one interferometer, a digital relative-
phase signal and an analog phase-feed-
back signal that is applied to a piezo-
electric transducer to translate one of
the corner-cube reflectors to hold the
interferometer at null. The signals are
also processed to obtain a distance-mon-
itoring relative-phase signal from the
other interferometer. During an obser-
vation, the digital relative-phase signals
from both interferometers are recorded
for subsequent analysis.

Another of the improved gauges,
denoted a relative-metrology gauge,
includes two interferometers with spa-
tially separate light paths (see Figure 2).
One interferometer is used to servo the
distance between two corner-cube reflec-
tors to a slowly varying separation, while
the other interferometer is used as a
readout device. Unlike in the null-
metrology gauge, the spatial separation
of interferometers makes it unnecessary

NASA Tech Briefs, November 1997
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Figure 2. The Relative-Metrology Gauge includes two interferometers also implemented with
polarized, modulated light beams from the same laser, but in this case, the beams propagate along

separate paths.

to use different combinations of signal
frequencies to distinguish between the
two interferometers; accordingly, each
acousto-optical modulator is driven at a
single frequency that differs by 10 kHz
from the frequency applied to the other
modulator.

The relative-metrology gauge is
designed to classify and eliminate vari-
ous systematic errors that are not present
in a null-metrology gauge. The principal
systematic errors are (1) periodic errors
associated with polarization leakage in
imperfect optical components and (2)
errors associated with temperature gra-
dients. The temperature-gradient errors
are minimized by actively stabilizing the
temperatures of optical components and
performing measurements quickly,
before significant drift can accumulate.
The polarization-leakage errors are elim-
inated by a method called “cyclic averag-
ing,” which involves either using a piezo-
electric transducer to modulate the dis-
tance to be measured or sweeping the
laser frequency at a rate that is fast in
comparison with the changes in distance
being measured. The amplitude of the

www.nasatech.com

modulation is chosen to be several wave-
lengths of light. The output of each
interferometer is recorded at a rate suf-
ficient to guarantee many readings dur-
ing one wavelength of motion due to
modulation. The true output of the
interferometers at the center of modula-
tion is computed to be the average over
one exact wavelength around the center
of modulation.

The null- and relative-metrology
gauges have exhibited unprecedented
precision: In tests, the null-metrology
gauge performed with rms errors as low
as 0.6 pm over observation times of
2,500 s. In other tests, the relative-
metrology gauge operating in a vacuum
exhibited rms errors as low as 0.13 pm
over observation times of a few minutes.

This work was done by Yekta Gursel of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com under the
Electronic Systems category, or circle no.
105 on the TSP Order Card in this issue to
receive a copy by mail ($5 charge).
NPO-20046

NASA Tech Briefs, November 1997



» Acousto-Ultrasonic Monitoring of Ceramic Composites
The progression of damage under dynamic loads can be monitored during tests.

Lewis Research Center, Cleveland, Ohio

The acousto-ultrasonic (AU) technique
has been found to be useful for assessing
the state of damage and for realtime
monitoring of the progression of damage
in specimens of ceramic composite mate-
rials subjected to dynamic loads. The real-
time AU technique could be used, for
example, in fatigue tests to study the
growth of subcritical flaws and other fail-
ure mechanisms in ceramic composites.
Though the tests may be destructive, the
AU technique is nondestructive.

Developed previously for non-real-time
applications, the AU technique is a hybrid
of acoustic-emission and ultrasonic tech-
niques. The figure schematically illus-
trates a typical AU laboratory setup and
the flow of
Repeated ultrasonic pulses are excited at
one location along a specimen by use of a
broad-band transmitting transducer. The

associated information.

stress waves associated with these pulses
propagate along the specimen to a receiv-
ing transducer; along the way, the stress
waves interact with the microstructure
and flaws present between the transduc-
ers. The received signal can be analyzed

* Point-of-need computer access
* Rugged steel construction

« Zero footprint solutions

* Custom Applications
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by the intervening specimen material. The output of the receiving transducer is analyzed to extract
information on damage and flaws along the propagation path.

to evaluate the damage and flaws.

The analysis is formulated to yield pa-
rameters called “stress wave
(SWFs), which can be related quantita-
tively to the mechanical performance of
the specimen material. An SWF is a mea-

factors”

sure of stress-wave energy transmission
and of the efficiency with which dynamic
strain energy is transferred in the materi-
al. In a comparison with a material that
exhibits given SWF values, a material that
exhibits greater SWF values is more capa-
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ble of transmitting dynamic stress or redis-
tributing loads and thus can be expected
to be stronger. Conversely, lower SWF val-
ues indicate regions where dynamic strain
energy is likely to become concentrated
and promote fracture.

In the present AU technique, the out-
put voltage of the receiving transducer as
a function of time is digitized and con-
verted to an amplitude-vsfrequency spec-
trum via a Hartley transform. Various sta-
tistical moments of the frequency spec-
trum are then computed; these moments
constitute the SWF values.

Prior to the development of the real-
time AU technique, it was common prac-
tice to interrupt a mechanical test, then
perform AU and other nondestructive
tests before resuming the test at the next

load level. In the real-time AU technique,
one continues to excite pulses and
process the output of the receiving trans-
ducer throughout a mechanical test,
which is performed without interruption.
The progression of damage is monitored
by observing the changes in the SWFs
computed from the received AU signals.
A mathematical model of acousto-ultra-
sonic stress-strain response (AUSSR) in
unidirectional and cross-ply composite
materials has been formulated. The
model utilizes real-time AU data and clas-
sical laminated-plate theory to predict
strain responses to increasing stress levels.
Weibull parameters in the AUSSR model
can be used to calculate design stresses for
thermostructural applications. Real-time
AU and the AUSSR model can be used to

study failure mechanisms in specimens
under quasi-static and fatigue loads.

This work was done by George Baaklini
of Lewis Research Center and Anil Tiwani
and Edmund G. Henneke of Virginia
Polytechnic Institute and State University.
For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com under the
Physical Sciences category, or circle no. 102
on the TSP Order Card in this issue to
receive a copy by mail ($5 charge).

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16451.

2 Continuous Measurement of Delay Bias in a GPS Receiver
Occasional manual calibration, which is disruptive, is replaced by a continuous automated process.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A technique has been devised to
enable a Global Positioning System
(GPS) receiver to automatically and con-
tinuously measure its own delay bias.
“Delay bias” signifies the difference
between the times of propagation,
through the receiver, of the information
modulated onto two L-band signals.
These signals are called “L1” (with a car-
rier frequency of 1.57542 GHz) and “L.2”
(with a carrier frequency of 1.2276 GHz)
and are phase-modulated with pseudo-
random-noise codes that contain GPS
information. The L1 and L2 signals are
fed through a signal-processing chain
that includes common parts as well as
parallel but separate L1 and L2 parts.
Delay bias arises from (1) differences

between times consumed in processing
in the separate L1 and L2 parts and (2)
frequency dispersion in the common
parts.

It is necessary to measure and correct
for delay biases in order to be able to
measure densities of electrons integrated
along  GPS-signal-propagation-paths
through the ionosphere. In turn, the
electron-density information can be used
to increase the accuracy of GPS mapping
and related scientific functions. An older
technique for measuring delay biases
involves occasional manual calibration,
which disrupts what would otherwise be
continuous GPS-data-taking operations.

The technique for continuous auto-
mated calibration involves the use of a
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The GLONASS Pseudorandom Code serves as a signal marker that can be used to measure the delay

bias between the L1 and L2 signals.
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calibration transmitter that phase-modu-
lates a pseudorandom code onto the L1
and L2 carriers (see figure). This code is
used in the Russian Global Navigation
Satellite System (GLONASS) and is simi-
lar to, but distinct from, the GPS codes.
At the point of introduction into the
L1/L2 signal-processing chain, there is
negligible differential delay between the
L1 and L2 versions of this signal. This
point is as far as possible downstream
while still being upstream of the parts of
the chain where delay bias arises. By use
of software developed for the purpose,
the receiver continuously determines the
delay bias by tracking the L.1 and L2 ver-
sions of the GLONASS signal.

This work was done by Courtney B.
Duncan, Thomas K. Meehan, and Donovan
J- Spitzmesser of Caltech for NASA's Jet
Propulsion Laboratory. For further informa-
tion, access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Electronic Systems category, or circle
no. 109 on the TSP Order Card in this issue
to receive a copy by mail ($5 charge).

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

Technology Reporting Office

JPL

Mail Stop 122-116

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-20058, volume and number
of this NASA Tech Briefs issue, and the page
number.
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) Signal-Decay Technique for Determining Qs of Power Inductors

There are no switches in the test inductor/capacitor loops.

Lewis Research Center, Cleveland, Ohio

An improved resonant-signal-decay
technique has been devised for measur-
ing electrical losses in quasi-linear induc-
tors of the type that are used in modern
electronic power-supply circuits and that
are typically operated at frequencies up
to about 100 kHz. The basic resonant-
signal-decay technique has been used
since the early years of electronics. The
essence of the basic technique is to con-
nect an inductor with a low-loss capaci-
tor in a simple loop resonant circuit,
apply a one-shot pulsed signal to excite
oscillations at the resonance frequency,
and measure the rate of decay of the sig-
nal to determine the electrical loss in
the circuit at the resonance frequency.
[Customarily, electrical loss is expressed
in terms of a resonance quality factor, Q
= mf/o, where f = the resonance fre-
quency and o = the rate (reciprocal of
characteristic time) of exponential
decay.] The outstanding feature of the
present improved resonantsignal-decay
technique is that unlike in older such
techniques, extraneous switching electri-
cal losses are minimized by avoiding the
connection of any switches in series with
the inductor and capacitor in the loop.
Electronic switches in the form of metal
oxide/semiconductor field-effect tran-
sistors (MOSFETs) are still present, but
the circuit is configured and operated in
such a way that the losses introduced by
the MOSFET switches are negligible in
comparison with those introduced by
the inductor and capacitor.

Figure 1 illustrates the circuit used in
the improved technique. The terminals
of a low-loss, polypropylene-film-dielec-
tric capacitor are connected directly to
the terminals of the inductor to be test-
ed. Excitation from an ac source is sup-
plied in a parallel-resonant configura-
tion via a back-to-back pair of high-volt-
age power MOSFETs. Though it is not
strictly necessary to do so, it is desirable
to set the excitation frequency at or near
the resonance frequency of the induc-
tor-and-capacitor loop. The excitation is
applied during a brief pulse, using the
same trigger pulse to turn both the
MOSFETs and the ac source on momen-
tarily. (It is necessary to turn the ac
source off after applying the excitation
to prevent spurious coupling of the exci-
tatory signal through the internal capac-
itances of the MOSFETSs.) At resonance
frequencies <100 kHz, the radiative loss-
es, like the losses in the MOSFETS;, are
much smaller than are the losses in the
inductor and capacitor.

NASA Tech Briefs, November 1997

The trigger pulse is also used to trig-
ger a digitizing oscilloscope, which mea-
sures the voltage waveform to capture
the decaying oscillation (see Figure 2).
The Q of the circuit is then computed by
means of a polynomial fit to the peaks of
the decaying voltage waveform; experi-
ments have shown that 10-degree poly-
nomials give good fits in most cases.

This work was done by Janis M. Niedra and
Scott S. Gerber of NYMA, Inc., for Lewis
Research Center. For further information,

access the Technical Support Package (TSP)
free online at wunwv.nasatech.com under the
Electronic Components and Circuits category,
or circle no. 104 on the TSP Order Card in this
issue to recerve a copy by mail (85 charge).

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Office, Atin: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16444.
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Figure 1. A One-Shot Transient Signal Is Excited in the inductor-and-capacitor resonant loop by
momentary application of an ac signal during a trigger pulse. The digital oscilloscope records the

resulting decaying oscillation.
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Figure 2. This Decaying Oscillation was recorded in the circuit of Figure 1 with a test capacitor of 0.22

uF and a ferrite-core inductor of 35.6 pH.
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@ Biometric Instrument Measuring Neuromuscular
Disorder/Performance Degradation

Novel “neuromuscular thermometer” gives researchers insight into fine
neuromuscular control in humans.

Marshall Space Flight Center, Alabama

A new device to gather quantitative
information about fine neuromuscular
control in humans measures deteriora-
tion of stability, smoothness, and synchro-
nization of handwriting movements.

This device, the Neuroskill, is an ordi-
nary-sized instrumental pen (with
accompanying software), attached to a
parallel port of a personal computer.
The motorsensing electronics of the
Neuroskill pen has accelerometers that
measure motions along the X and Y
axes. It also has a pressure transducer
that measures dynamics along the Z axis.
The pen is easily connected to a PC by a
flexible cable, such as a parallel connec-
tor normally used for a printer.
Installation of the Neuroskill pen is as
easy as adding a mouse to a personal
computer.

Using the Neuroskill pen, the individ-
ual being tested simply writes on any sur-
face, including regular paper. The writ-
ing may be a signature, any sequence of
cursive writing, or drawn symbols.

To accurately and effectively analyze
an individual’s motor skill control level,
designers of the Neuroskill system
focused on how the person writes, as

opposed to how the writing looks. The
Neuroskill pen translates the written
dynamics of accelerations and pressure
into complex signals, each represented
by 1000 data points.

Patients with Parkinson’s Disease and
volunteers in alcohol impairment experi-
ments were tested with the Neuroskill
device at the Colorado Neurological
Institute and the Alcohol Research
Center at the University of Colorado,
Denver, respectively. The medical experts
supervising these experiments concluded
through the test results that the
Neuroskill system can precisely measure
the results of neuromuscular actions initi-
ated from either the cerebellum area of
the brain (where often repeated motions
are controlled) or the cerebral cortex
(where new tasks are believed to be con-
trolled). The results of experiments with
Parkinson’s Disease patients are repre-
sented in the figure below.

Analysis of activities such as signing a
signature or reproducing different cursive
symbols can help the clinician to reveal
the degree of damage or healing of spe-
cific parts of the brain, nerve, or muscle
tissue.

With the Neuroskill device, current
levels of motor skill control can be com-
pared with previously stored results,
allowing the researcher to follow the
changes in motor skill control over time
and choose the most effective treatment.
The device also has the potential to be
used as a tool in the development of
neuromuscular targeted pharmaceuti-
cals by providing real time, quantified
data for use in clinical trials.

The Neuroskill device is inexpensive,
non-invasive, and easy to use. The
researcher or practitioner can adminis-
ter the test in the work area.
Additionally, the patient can continue to
monitor his own condition at home
between medical visits.

This work was done by Dr. Ruth
Shrairman and Alexander Landau of
VeriFax Corporation for Marshall Space
Flight Center. For further information,
access the Technical Support Package (TSP)
free on-line at www.nasatech.com under
the Life Sciences category, or circle no. 127
on the TSP Order Card in this issue to
receive a copy by mail ($5 charge).
MFS-26449

Parkinson’s Disease patients Control Group
*u=78.1 p=85.9 pn=86.3
*u=72.7
69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 B84 85 86 87 88 89 90 % subility
before medication 40 min. after medication interval 40 min.

The Biometric Instrument is capable of measuring changes in fine neuromuscular control levels of patients with Parkinson’s Disease.
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) Portable Instrument Measures
Ice Profiles

Accurate measurements can be performed
rapidly, with minimal labor.

Lewis Research Center, Cleveland, Ohio

A portable optoelectronic instrument measures profiles of
ice deposits that have formed on leading edges of airfoils in
the Icing Research Tunnel at Lewis Research Center.
Previously, technicians working in the cold, wet environment
of the tunnel measured these profiles in a tedious manual
procedure: An aluminum block was used to melt a section of
ice so that a card could be placed against the ice, then a pen-
cil was used to trace the profile of the ice onto the card. The
melting affected the profile, and the tracing process was
time-consuming and subject to human error.

The instrument satisfies a need to measure the ice profiles
accurately and rapidly, and to be readily operable by techni-
cians, with minimal labor. The instrument (see figure)
includes four low-power, eye-safe laser diodes that project a
thin red (wavelength 670 nm) line onto the ice to be mea-
sured. Three computer-controlled charge-injection-device
video cameras and a frame grabber capture the image of the
ice shape (as illuminated by the diode lasers) from three dif-
ferent positions.

A microcomputer (Compaq 80386, or equivalent) running
custom software merges the images from the three cameras
and corrects for distortions associated with the camera
angles. The profile is displayed on the computer screen and
saved in an ASCII file on hard disk. The technician has the
option of printing a 1:1-scale profile of the ice shape. The
profile is accurate to within 1 percent. The entire profiling
process takes about one minute.

This work was done by Mario Vargas of Lewis Research Center
and Edward A. Hovenac of NYMA, Inc. No further documentation
is available.

Inquiries concerning rights for the commercial use of this inven-
tion should be addressed to NASA Lewis Research Center,
Commercial Technology Office, Attn: Tech Brief Patent Status, Mail
Stop 7-3, 21000 Brookpark Rd., Cleveland, OH 441 35. Refer to
LEW-16117.

An llluminated Line on the surface to be measured is imaged in three
video cameras. The image data are processed to quantify the profile of
the surface.

NASA Tech Briefs, November 1997
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@ Test & Measurement

Fluke Corp., Everett, WA, has
introduced the 70/20 Series III
digital multimeters, which are
ergonomically designed with a
larger, high-contrast screen and
feature a segmented bargraph.
The automatic Touch Hold® fea-
ture allows users to focus attention
on the test probes while the meter
automatically freezes the reading
and beeps when the measurement
is captured.

The meters are designed to pro-
tect the user against power surges
and voltage transients up to 6 V,
and offer true RMS, capacitance, frequency, and low ohms capabili-
ties. They measure volt, millivolts dc, ac/dc volts, ohms, and amps

and perform diode and continuity tests. Overmolded cases protect
the meters, which have lifetime guarantees. The battery and fuses can
be replaced without breaking the internal calibration seal.

For More Information Circle No. 724

The KNM-DYNI2
Link™ miniaturized instru-
Keithley In-
struments, Cleveland, OH,
obtain laboratory-grade mea-
surements of force, accelera-

Smart-

ments from

tion, and dynamic pressure.
The 6.7 x 1.3 x 1.1" unit
accepts up to eight transduc-
er or digital inputs, and can
accommodate up to

four
inputs of very low frequency or static acceleration using capacitive
sensors. Possible measurement configurations include eight two-wire
analog inputs of pressure, force, and acceleration using low-imped-
ance, voltage-mode piezoelectric sensors.

Measurements can be linked to a remote PC or controller, or the
user can display/store results for local monitoring and debug via a
digital readout device or palmtop PC. The instruments feature an
onboard microcomputer that provides data acquisition, signal pro-
cessing, and communication capabilities.

For More Information Circle No. 725

Omega Engineering,
Stamford, CT, offers
the CL523 tempera-
ture calibrator that
allows on-site and
workshop calibration
of temperature and
electrical instruments.
The unit can measure
and generate thermo-
couple signals, RTD
signals, ohms, milli-
volts, volts, and mil-
liamps. It reads input and output signals simultaneously.

The calibrator features a step and ramp output mode, as well as a
large, backlit LCD display. The unit is available with an optional 24
VDC loop supply or with a switch test function option. It was designed
for process maintenance applications and is priced starting at $3,395.

For More Information Circle No. 726

The Easy Count series
of electronic counting
scales from Setra Sys-
Boxborough,
is available in six-

tems,
MA,
and
Featuring variable ca-

two-key versions.
pacitance technology,
the scales are available
in capacities of 500
grams, 2000 grams,
and 5000 grams. Standard features include an LED display, bi-direc-
tional RS-232 communications, and a stainless steel weighing pan.
The EZ6 model, with six keys, features an RS-232 communications
port, allowing results to be printed in text on a receipt printer. The
scale offers weighing in grams, ounces, pounds, and user-definable x-
unit. The EZ2 features a zero and a count key, and displays weight in

grams or a count.

For More Information Circle No. 729

Raytek Corporation, San-
ta Cruz, CA, has intro-
duced the Marathon™
MRIF fiber-optic ratio
thermometer, which mea-
sures temperature in hot
or hostile environments,
in high electromagnetic
fields, or in other applica-
tions where line of sight
of the target is obscured.
The unit
small optical head, a field-replaceable fiber-optic cable, and a sepa-

consists of a

rate electronics enclosure with built-in user interface.

Features include remote sensor set-up, real-time display of target
temperature, and field calibration software. A digital signal processor
in the sensor electronics allows two-way serial communications. The
thermometer is available in three models covering temperature
ranges from 650 to 3000°C. Priced at $4,400, the thermometer fea-
tures a 10-millisecond response time.

For More Information Circle No. 728

Wavetek Corp., San
Diego, CA, offers the
Model 9500 oscilloscope
calibration workstations
available in 400 MHz,
600 MHz, and 1.1 GHz
bandwidth versions. The
workstations come with
PC-based automated cal-
ibration software and
are capable of automat-

ing the calibration of analog- and digital-storage oscilloscopes. The
units deliver calibration waveforms directly to the oscilloscope's BNC
input connectors.

The calibration software runs all calibration procedures and allows
the user to archive calibration results, generate 1SO9000-compliant
calibration certificates and reports, and write new procedures. The
software includes a library of tested procedures for commonly used
oscilloscopes. Pricing starts at $13,490.

For More Information Circle No. 731
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Ydid RCQUISITION
& PC Measurements -

SmartLink Measurements
Available exclusively from Channel K
The only USB* equipped measurement
devices. Link a wide array of measure-
ments from signal source directly to
network or bus. From $574!

Circle No. 555

[

E g SmartDAQ PCl Boards

High performance from Channel K
12- and 16-bit PCI data acquisition
boards featuring on-board DSP. Up to
64nputs. Up to 330 kS/s scanning
Multifunctional. From $1195!

Don't let yesterday’s equipment complicate

your application today. Get the latest in

Circle No. 556

universal serial bus (USB), PCI, and

software products from Channel K.

Just call 1-888-KEITHLEY for a free catalog

of all our data acquisition products. (= : .
Couldn’t you use a little less stress? . = ——|
O TestPoint Software

oh no!

Channel K has it now. The most intuitive
Windows-based software package for
data acquisition, analysis, and control
Easy to use, Minimal programming
License-free executables. Only $995!

Circle No. 557

'CHANNEL

~ Howto getit.
Call 1-888-KEITHLEY to get a free catalog! How to use it.

(534-8453)



@ Test & Measurement

International Light,
Newburyport, MA,
has introduced the
IL1400A radiometer
§ and the SPLO25Y
| luminance pen probe
that matches human
eye response for mea-
suring the brightness
of any CRT or backlit
display. Featuring a
photopically correct-
ed "Y" filter, the probe distinguishes colors the way a human eye does.
The radiometer provides direct readouts in fL, cd/m®, and other
units on an LCD display.

The units can operate over a dynamic range of 1 x 10° to 2.5 x 10°
fL. and a spectral range of 400 to 700 nm. The radiometer operates
on four AA batteries and the probe has an apertured hood for lumi-
nance or contact luminance measurements. The units are priced at

$1,132.

For More Information Circle No. 723

The Ultraprobe™ 100 ultra-
sonic detector from UE
Systems, Elmsford, NY,
translates ultrasounds pro-
duced by operating equip-
ment and by leaks into the
audible range, where they
are heard through head-
phones and seen as intensi-
ty increments on a ten-seg-
ment LED bargraph indica-
tor. Received signal intensi-
ty is adjusted via an eight-position precision attenuator.

It is used for leak detection and mechanical and electrical inspec-
tion in applications such as leak detection of compressed gas systems,
vacuum systems, steam traps, and valves; mechanical inspection of
pumps and compressors; and detection of arcing, tracking, and coro-
na in electrical equipment. The detector is available as a kit with
interchangeable modules for scanning and contact modes.

For More Information Circle No. 721

Doric Instruments Div. of Vas
Engineering, San Diego, CA,
offers the Series 460/461
bench thermometers with
inputs for RTDs, thermocou-
ples, and thermistor sensors.
Six RTDs, 14 thermocouples,
and two thermistors can be
connected to the units, which
have accuracy near 0.01% of
g reading. Housed in a rugged
carrying case, the units offer resolution of either 0.1 or 1.0 degrees
F/C. All connections are made by screw terminals on the back of the
instrument.

Both units have shielded outputs and use an integrating voltage-to-
frequency technique for analog to digital conversion. Options
include dual alarms, analog output and serial /parallel outputs of RS-
232C or IEEE-488, and isolated DC power of 8 to 32 VDC. Standard
power is 115 VAC. All channels can be recorded via a scan option.

Prices start at $679.

For More Information Circle No. 722

National Instruments,
Austin, TX, has intro-
duced Test Executives
for LabVIEW and
LabWindows/CVI test
development instrumen-
tation software. The
modules feature an
open model for cus-
tomization so developers
can install and run the
modules out of the box or with modifications. User-modifiable areas
include the operator interface, test report generation, log-in proce-
dures, test set-up and clean-up routines, and test pass/fail operations.

The software modules can call tests written in LabVIEW,
LabWindows/CVI, or any Windows development environment capable
of building dynamic links libraries, such as C/C++ or Visual Basic.
Users can build multitiered, hierarchical sequences for advanced test-
ing models, set breakpoints in test sequences, and have access to
sequence files in ASCII format.

For More Information Circle No. 730

Cole-Parmer In-
strument, Vernon
Hills, IL, offers the
Digi-Sense® Models
91100-00/10/20/40
thermocouple ther-
mometers available
in types J, K, or T.
Model 9110040 ac-
cepts one or two type
J, K, T, or E ther-
mocouple probes.
The intrinsically safe thermometers have a +0.05 conformity to NIST
ITS-90 calibration tables.

A field calibration feature allows the probe to be calibrated to near-
ly any known temperature standard, such as freezing or boiling water,
by using a two-point manual calibration. All models feature an
ergonomic design, sealed silicone rubber keypad, and an IP54 splash-
and dust-resistant case.

For More Information Circle No. 720

The Model 7102 Spirahelic®
pressure gauge from Dwyer
Instruments, Michigan City,
IN, measures pressure with
+1/2% full span accuracy.
The gauge features Inconel®
Bourdon tube to eliminate
complex moving parts. A
nickel-plated brass connec-
tion block has both bottom
and back 1/4" NPT female
openings. The unit is shock-
and vibration-resistant.

Thirty-four ranges are
available from 60 to 10,000 psig, 400 to 6000 kPa, 10 to 60 MPa, and
4 to 600 bar. The gauge is housed in a mineralfilled black nylon
enclosure that conforms to ASME B40.1 for gauge replacement. The
18-0z. gauge is calibrated for vertical mounting and operates between
-54 and 82.2°C. One 1/4" NPT brass plug is included.

For More Information Circle No. 727
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The All New Dash 8 Field Recorder From Astro-Med...

Big CO'_OR Monitor!
Big Memory!

Small Package!

When signal exceeds pre-set
limits, waveform automatically
changes color.

® 10.4 Inch Active Color LCD
Monitor — Color Code Each
Waveform for Quick Analysis

® 2 GB Internal Hard Drive & 100MB Zip® Drive
® § Channels - 2 kHz Response
® |solated Input Range - 50 mV to 500V FS
® DSP for Filtering, RMS, Integration, and Derivative
® Handy Z-Fold Chart
® Rugged, Compact, Portable - Less than 20 Ibs

Look at data in real time on the color monitor and chart or record data to the big internal hard
drive for playback and review later on the big, bright color monitor. Or, transfer data to the built-in
removable Zip drive and use your computer for further analysis or archiving. The all new Dash 8 -
truly a remarkable recorder and data acquisition instrument you can take anywhere.

Call, E-mail, Fax, or write to us today for all the details.

[ JAstro-Med,iInc.
Astro-Med Industrial Park, West Warwick, Rhode Island 02893
Telephone: (401) 828-4000 « Toll Free: 800-343-4039 « Fax: (401) 822-2430

In Canada Telephone Toll Free: 1-800-565-2216
E-mail: astro-med@astro-med.com  Web Site: www.astro-med.com

Sales and Service Centers throughout the U.S., Canada and Europe.
Dealers located throughout the world  Asiro-Med is System Certified to IS0 9001

For More Information Circle No. 540



2; fforts to develop a truly practical degradable material are reaching fruition.
DuPont scientists have created an inexpensive polymer that decomposes without
harm to the soil or the environment.

By now, the problems associated with overburdened landfills are widely recognized. Although
recycling is the preferred solution, degradable materials can also play an important role. Yet, cost
barriers and other issues have consistently blocked their wide-scale adoption in major
consumer applications.

To meet this challenge, DuPont scientists have created a new family of highly versatile
polymers based on polyethylene terephthalate (PET) technology and known commercially
as DuPont Biomax® hydro/biodegradable polyester. Depending on the application, up to

Raised on a diet of plastic cups,

three proprietary aliphatic monomers are incorporated into the polymer. ~ :
The monomers create weak spots in the polymeric chains, thereby making NA
them susceptible to degradation through hydrolysis. The large polymer

molecules are cleaved by moisture into smaller

molecules, which are then consumed by naturally
occurring microbes and converted to carbon
dioxide and water.

A polyester that microbes find tasty.
Biomax® can be recycled,
incinerated or landfilled, but is
intended mainly for disposal by
composting and in-soil degradation.

I R W ! Researchers performed a series of tests
- ‘Q’ % a4 Y &y e s ‘,_L.‘L
The average American family generates 6,488 pounds
of trash each year. The availability of products made
with degradable polymers would reduce impact on the earthworm weight gain and mortality, and
environment.

to determine environmental impact, including

plant germination and seedling emergence,

microbial population density. In all tests, the
materials were found to be harmless to the environment at every stage in the decomposition
process. They are virtually undetectable to the unaided eye in about eight weeks.

Because Biomax® is a modified PET polymer, it can be manufactured with existing equip-
ment using existing bulk monomers. This means that it is only marginally more expensive to produce

than PET itself. Currently available degradable materials, on the other hand, can cost twice as much.

© 1996 DuPont



How to make your products disappear. The sheer
number of potential applications for Biomax* is immense.
Because it can be made into fibers, films or resins, it

is suitable for a range of single-use products, includ-
Degradable fishing line and fishing nets
would help alleviate a serious problem

ing domestic wipes, yard waste bags, the top and

back sheets of disposable diapers, blister packs and

: for sea mammals who ingest or disposable eating utensils. It can be used to create
¥ / (144 become entangled in aquatic trash.  geotextiles, agricultural films, seed mats, plant pots and
L\ — bags that cover ripening fruit. It can find application in coated

paper products such as disposable plates and cups, aluminized films for food

snack bags and gum wrappers.

packaging and hot-melt adhesives. It is also suitable for thermo-

formed packaging, blown bottles and injection-molded objects.
Product properties are diverse and customizable, but are

generally tailored to mimic polyethylene or polypropylene.

s

N ~ Biomax® is soft, pliable, low in noise and has a good hand.

Melting points are high for a degradable material, generally

LR ‘ : around 200°C, which opens up a range of processing
options. It can be formulated to be as low in

b Turf grass grown
a NN\ strength as low-density polyethylene or as high on a mat of degradable
AN N : DuPont Biomax® weighs
i NN as half the strength of DuPont Mylar® polyester - one-tenth ch as
N R T film. Elongation can range from 50 to 500 percent.. = 6 )
f; ; A world with less trash. Share the dream. 21

L < B Throughout DuPont’s history, many of our most
e : important contributions have only come to market -_ !
' ‘fhrough collaboration with other companies. If the
L:;rwbsmnce of this article leads you to conclude that
s development opportunity might exist between
your company and DuPont, fax us on company
letterhead with an indication of your interests to
the attention of: DuPont, Dept. NT, at 302-695-7615.

Please limit your correspondence to nonproprietary, public- :

Better things for better living

domain information only.




Electronic Components

and Circuits

Q@ Slotted Carbon/Carbon Grids for Ion Accelerators

These grids offer potential advantages over metal grids made with wires or circular holes.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Ion-accelerator grids made by machin-
ing long parallel slots into solid pieces of
carbon/carbon composite material have
been proposed to replace ion-accelerator
grids made by chemically etching circu-
lar holes in hexagonal patterns in molyb-
denum sheets. The proposed slotted car-
bon/carbon grids would resemble the
metal wire grids used in the first ion
engine built in 1960, but would offer
advantages over both the early wire grids
and the chemically-etched-molybdenum-
sheet grids now in use.

Several previous articles in NASA Tech
Briefs have discussed various aspects of
replacing metal ion-accelerator grids
with carbon/carbon grids. Briefly, the
potential advantages of carbon/carbon
grids over metal grids include (1) a lower
rate of erosion of carbon/carbon by
charge-exchange ions; (2) low or nega-
tive coefficient of thermal expansion of
carbon/carbon, with consequent reduc-
tion or elimination of thermal distortion
at high operating temperatures; and (3)
greater rigidity of carbon/carbon grids,
with consequent greater ability to resist
electrostatic deflection and maintain
required precise geometry at high
applied voltages.

sion of the concept described in “Ton-
Accelerator Grids With Elongated Holes”
(NPO-19336), NASA Tech Briefs, Vol. 20,
No. 1, (January 1996), page 34. One rea-
son for choosing long, parallel slots
instead of patterns of circular or elongat-
ed holes is that grids containing long,
parallel slots are expected to endure ero-
sion better. A hexagonal erosion pattern
is formed by charge-exchange ions on a
molybdenum ion-accelerator grid with a
conventional hexagonal pattern of
round holes. Structural failure occurs
when the depth of erosion reaches the
full thickness of the grid. However, in a
slotted carbon/carbon grid (see figure),
the erosion pattern is expected to consist
of longitudinal trenches centered in the
webs between slots. In this case, erosion
completely through the thickness would
not cause immediate structural failure;
rather, it would divide each web into two
narrower parallel webs. It has been esti-
mated that a parallel-slot grid would last
three times as long as would a round-
hole/hexagonal-pattern grid of the same
material; taking this factor in combina-
tion with the lower rate of erosion of car-
bon/carbon (expected to be less than
1/6 that of molybdenum), it appears that

comparable round-hole/hexagonal pat-
tern molybdenum grid.

In fabricating a slotted carbon/carbon
grid, the slots would be machined paral-
lel to the majority of carbon fibers in a
carbon/carbon sheet. Machining in this
pattern would leave a large number of
uncut fibers extending across the full
diameter of the grid, resulting in a sub-
stantial increase in the stiffness of the
grid over that of a grid with a hexagonal
pattern of circular holes. The cost of
machining the grid slots has been esti-
mated to be about 1/6 that of machining
grid holes in a hexagonal pattern. The
main reason for the decrease in cost is
that for a grid of a given size (e.g., a diam-
eter of 14 cm and thickness of 0.5 mm)
the number of slots (about 50) would be
much smaller than the number of holes
(about 4,000).

This work was done by John R. Brophy, D.
Kyle Brown, Juergen Mueller, and Charles E.
Garner of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package
(TSP) free online at www.nasatech.com
under the Electronic Components and
Circuits category, or circle no. 103 on the
TSP Order Card in this issue to receive a copy

The present concept of long, parallel a slotted carbon/carbon grid should &y mail ($5 charge).
slots in carbon/carbon sheets is an exten-  have an operational life 18 times thatofa =~ NPO-19679
Slot Width
1.14 mm

Erosion Trench in
. N Web Between Slots

Typical Diameter
14 cm

SLOTTED GRID

DETAIL OF SLOT-BOUNDARY AREA EXPECTED EROSION PATTERN

A Slotted Carbon/Carbon Grid could be machined at relatively low cost. The grid would erode along the center lines of the webs between the slots; this
erosion pattern would delay structural failure.
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At fast edge rates, the wrong interface
takes on unexpected quallties.

AMP high-speed connectors offer diverse signal
management solutions.

Product Information Center: 1-800-522-6752 (fax 717-986-7575). AMP Incorporated,
Harrisburg, PA 17105-3608. In Canada, call 905-470-4425.0n the Internet:http://www.amp.com.

For More Information Write In No. 544

As clock rates rise, signal integrity can fall. Interconnects that worked last
time at board-to-board or board-to-cable suddenly treat signals like flippers.
Fortunately, expert interconnect help, and sub-nanosecond interface solutions,
are available.

We'll help you combine performance and features to meet tough circuit
requirements. And our design and manufacturing experience can confirm your
choice works in production, too.

Our high-speed and controlled-impedance interconnect solutions provide
reliable implementation, even with edge rates pushing 250ps. For board-to-
board, there’s high-density open pin field types (including shielded), plus
stripline and microstrip styles that match characteristic board impedances to
minimize crosstalk, reflection, and groundbounce. For board-to-cable, we have
precision miniature coax and transmission line solutions to maintain signal
integrity with minimum propagation delay.

And we offer simulation services

to predict performance, before you COﬂﬂ@Ctlﬂg
prototype. Talk with your AMP Sales ata

Engineer. Or just call. !G H ER

AMP is 2 trademark. »
level.




@ Bidirectional Electronic Circuit Breaker

Adequate precision is achieved with a relatively simple circuit.

Lewis Research Center, Cleveland, Ohio

An electronic circuit breaker is
designed to trip at a nominal direct cur-
rent of 5.6 A (or more, depending on
temperature). The current can be of
either polarity. Originally designed for
use in a cross-feed link between two loads
powered by a redundant pair of power
sources, this circuit breaker could also be
used in other applications in which pro-
tection against dc overcurrent of either
polarity is needed.

Fuses were rejected for use in the orig-
inal application because the overcurrent
conditions under which they trip cannot
be established with sufficient precision.
Very precise electronic circuit breakers
containing operational amplifiers, com-

parators, and other integrated circuits
were also rejected because they were
judged to be too complex for that appli-
cation. The present bidirectional elec-
tronic circuit breaker was designed as a
compromise between the two extremes,
providing adequate precision with mini-
mal complexity and a relatively small
number of parts.

The bidirectional circuit breaker (see
Figure 1) requires an isolated 24-Vdc
power supply. During normal operation,
the main load current is conducted
through the two RM2423-001 metal
oxide/semiconductor field-effect transis-
tors (MOSFETs) and through the sensing
resistor. The value (67 mQ) of this resis-

tor is chosen so that when the magnitude
of the load current equals or exceeds the
desired trip level, the voltage across this
resistor equals or exceeds the turn-on
threshold base-to-emitter voltage of one
of the 2N2222A npn transistors.

The turning on of either 2N2222A npn
transistor causes the turn-on of the
2N2907A pnp transistor, which is the
active element of a latching circuit. When
thus activated, the latching circuit lowers
the voltages on the MOSFET gates below
their conducting thresholds. Thus, the
MOSFETs are turned off, interrupting
the path for the load current.

The latching circuit includes a resis-
tor/capacitor delay circuit that makes the

24 Vdc Return
From Isolated Supply
RM2423-001 Sensing Resistor RM2423-001
3 67mQ
120 Vdc Source o @ @ < 120 Vdc Load
or Load y \g] or Source
InFSE 2499 o
<
15Q 15Q
o.sw% ‘5‘% Sisa 05W
A onz22on
g 5.76 kQ
A 1N5617 1N4468 v 1N5617
2N2907A
% 15 kQ 6.8uF T o
+24 Vdc From Isolated Supply:
3kQ,05W
120 Vdc o 0120 Vde
Return Return

151
i —
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g??T —55°C
Ji—
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B
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Figure 2. The Circuit Breaker Is Tripped into turn-off when the point that represents its operating con-
dition lies on or above the curve for the operating temperature. Note that the circuit is not tripped

by large current pulses shorter than about 1 ms.
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Figure 1. This Bidirectional Electronic Circuit Breaker contains fewer parts than do other electronic circuit breakers, yet is precise enough for its original purpose.

circuit breaker insensitive to a current
surge shorter than about 1 ms (see Figure
2). Once the circuit breaker has been
tripped by overcurrent, and until it is
reset, the latching circuit holds it in the
“off” condition. Reset is accomplished by
turning off, then turning on the isolated
24-Vdc power supply.

This work was done by Tomasz Kachelski
of Rockwell International Corp. for Lewis
Research Center. For further information,
access the Technical Support Package (TSP)
free on-line at www.nasatech.com under
the Electronic Components and Circuits cat-
egory, or circle no. 156 on the TSP Order
Card in this issue to receive a copy by mail
($5 charge).

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Lewis Research Center, Commercial
Technology Office, Attn: Tech Brief Patent
Status, Mail Stop 7-3, 21000 Brookpark Rd.,
Cleveland, OH 44135. Refer to LEW-16027.

NASA Tech Briefs, November 1997



BEM “‘\ FEM

ENGINIEERING

An integral part of your business, innovative
—t CAE software from INTEGRATED makes problem
solving as ‘easy as pi.’

A ERaNN

RAPID FIRE RESULTS

INTEGRATED's innovative BEM technology
eliminates FEM meshing and generates
quick, accurate solutions, exact modelling
of boundaries and high speed analysis.

LESS EFFORT.
SUPERIOR RESULTS

Be up and running in minutes. INTEGRATED's
advanced software technology, combined with
our user-friendly Windows user interface is

easy to install, easy to learn and easy to use.

THE BENEFITS
ARE BOUNDLESS

o fast, accurate design solutions
s accelerated prototyping cycles
» reduced development costs

« heightened productivity

» effective design optimization

INTEGRATED MEANS
COMPLETE SOLUTIONS

INTEGRATED offers cutting edge

CAE software simulation tools for
MAGNETIC CLUTCH electromagnetic, thermal and structural
applications on Windows or Unix.

CUSTOMER SERVICE-

A - ey AN INTEGRAL PART
S by OF OUR BUSINESS
INTEGRATED offers solid, industry-leading
VOICE COIL MOTOR customer service. Try our new e-mail
technical support service.

SOFTWARE THAT'S EASY
TO USE AND HARD TO BEAT

Call or e-mail today for a 30 day trial.
Discover for yourself how effortless
engineering can be.

INTEGRATED
ENGINEERING SOFTWARE

Phone (204) 632-5636  e-mail: info@integrated.mb.ca
Fax (204) 633-7780 hitp://www.integrated.mb.ca/ies

For More Information Circle No. 512



When making a

long term
commitment,
compatibility is
everything.

Y

A

PETASITE MASS STORAGE LIBRARY
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So, it's time to take the plunge. Tie the knot. Make the big commitment. In other words,
choose a data storage system. But, have you really, truly considered the importance of

compatibilitye Well, Sony has. When we built our data storage family, we saw to it that every

product had one thing in common. Compatibility with our PetaSite™ modular based mass

storage library. Whether you choose from the DIR-1000 Series, the DTF™ half inch tape drive, or

the new ADI-1150 digital data recorder, Sony is committed to your high performance data

storage and data acquisition needs. In addition, Sony has mapped a planned migration path
for each drive series. Because in any good relationship, growing together is essential. So
before you make a decision you might soon regret, consider Sony. The first name in

magnetic tape technology and the reputation to prove it. Call 1-800-635-SONY, ext. FAMILY.

DIR-1000 SERIES

One of the world's fastest commercially available ID-1 ANSI
format tape drives. This high end series just got better with the
addition of the DIR-1000H, with transfer rates of up to
512 Mb per second and storage of 770 Gb per tape cassette.
With over 7 years of field deployment and 700 units installed
worldwide, this series has built a reputation for compatibility,
reliability, and performance. It's also compatible with our

PetaSite Mass Storage Library.

ADI-1150 DIGITAL
DATA RECORDER

Dne of the newest members of the Sony family, this unit delivers
b sustained data rate of 15 MB per second over SCSI-2 Fast and
Wide interface, combined with a maximum capacity of up to
52 GB of uncompressed data per cassette. The ADI-1150's
pressive performance and favorable cost/performance ratio
makes it the perfect fit for applications that range between
our DIR and DTF drives. Also compatible with the
PetaSite Mass Storage Library.

DTF HALF INCH TAPE DRIVE

pur next generation DTF high performance computer peripheral
tape drive is rich in family heritage, based on Sony's highly
uccessful Digital Betacam® professional recording technology.
e GY-2120 (pictured here) features a sustained transfer rate of
12 MB per second (up to 20 MB per second with compression)
Ond storage capacity of up to 108 GB compressed on a single
cassefte. It has the ability to backup 100 GB of data in
approximately an hour and a half, and is already setting the
fandard for high performance and reliability in a SCSI attached
fape storage peripheral. It's also compatible with the
PetaSite Mass Storage Library.

For More Information Circle No. 542
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Electronic Systems

& Stabilizing a Photonic Heterodyne Microwave Oscillator
A frequency discriminator built around a fiber-optic delay line would be used.
NASA’s Jet Propulsion Laboratory, Pasadena, California

In a proposed scheme for generating
a microwave or millimeter-wave signal as
a heterodyne product of the outputs of
two narrow-band lasers, the frequency of
the signal would be stabilized by using a
frequency discriminator based on a
fiber-optic delay line to stabilize the fre-

currently available electronic microwave
sources.

As shown in the figure, the outputs of
the two lasers would be directed into
optical fibers and heterodyned by use
of a fiber-optic coupler and photodi-
odes. The coupler would produce two

coupler would continue into a fiber-optic
delay line to the optical input port of the
electro-optical modulator. The output of
the electro-optical modulator would be
fed to photodiode 2. Provided that the
length of the delay line was chosen to
obtain phase quadrature at the radio fre-
quency, the hetero-

Fiber-Optic
Coupler

Tuning
Control

Microwave or
Millimeter-Wave

—

Fiber-Optic
Delay line

dyne action in the
electro-optical mod-
ulator and photodi-
ode 2 would cause

Signal, | fo —#; |
\ Matching
Network
Photodiode 1

Loop

D- output | f— 14 |
Amplifier

the baseband com-
ponent of the out-
put of photodiode 2
to be proportional
to the fluctuation of
the phase and fre-
quency of the radio
signal during the
delay. This baseband
output would serve
as a feedback error
signal to tune one of
the lasers to reduce
the error and thus
stabilize the output
frequency.

This work was

Photodiode 2

Filter

done by Ronald T.
Logan, Jr., of Caltech
for NASA’s Jet
Propulsion Labora-

A Frequency Discriminator and Feedback Control Loop based on a fiber-optic delay line and an electro-optical modulator would

stabilize the frequency of a photonic heterodyne microwave or millimeter-wave oscillator.

quency of one of the lasers. This scheme
can be regarded as an extension of the
use of such a frequency discriminator to
stabilize an electronic microwave oscilla-

tor, as reported in “Fiber-Optic
Discriminator Stabilizes Microwave
Oscillator” (NPO-18375), Laser Tech

Briefs, Vol. 1, No. 1 (September, 1993),
page 24.

Despite their potential utility and
potential commercial value, photonic
heterodyne microwave oscillators have
not yet come into widespread use
because of excessive instability of fre-
quency. The proposed scheme would
overcome this limitation; theoretically it
offers the potential to yield frequency
stability equal to or better than that of
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light-signal outputs. The output from
one branch of the fiber-optic coupler
would go directly to photodiode 1,
which would perform the customary
detection-and-mixing function, so that
one of the components of the electrical
output of photodiode 1 would be the
desired microwave or millimeter-wave
radio signal with a frequency equal to
the difference between the two laser
frequencies. This signal would be cou-
pled through a matching network to
the electrical input terminals of an elec-
tro-optical modulator. This signal
would also be fed to an amplifier, and
the amplified signal would constitute
the desired output.

The other branch of the fiberoptic

www.nasatech.com

tory. For further
information, access
the Technical Support
Package (TSP) free on-line at www.
nasatech.com under the Electronic Systems
category, or circle no. 113 on the TSP Order
Card in this issue to receive a copy by mail
($5 charge).

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

Technology Reporting Office

JPL

Mail Stop 122-116

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-19439, volume and number
of this NASA Tech Briefs issue, and the
page number.
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Aircraft Systems

€ Programmable Switch Assembly for

Feedback from controlled equipment results in visual

indications of malfunctions.

Dryden Flight Research Center, Edwards, California

An autonomous programmable switch
assembly (PSA) has been developed for
use in the Research Instrumentation
branch of NASA Dryden Flight Research
Center to address the complex and vary-
requirements of

ing system-control

Figure 1. Four Programmable Switches equipped with LED displays are

installed in the SR-71 cockpit.

research aircraft. The PSA is now in
flight-operational status in the NASA SR-
71 airplane. The PSA includes four cock-
pit switches (see Figure 1) coupled to a
microcontroller and to a relay board
(see Figure 2) designed at Dryden Flight
Research Center.

One of the
advantages of the
PSA is that it pro-
vides engineers
with the capabili-
ty to reduce as
many as 16 indi-
vidual cockpit
switches and indi-
cators to one. In
addition, the PSA
provides feed-
back from con-
trolled equip-
ment, indicating
the current state
of the equip-
ment. Individual
changes in an
installed control
system consist of changes in software
and wiring and are nominally accom-
plished within one-day turnaround
times. The realm of applicability of PSA
extends beyond research aircraft in that
it provides capabilities for easily control-

www.nasatech.com

ling other with feedback
requirements.

The PSA includes three main compo-
nents: the Vivisun 5000 (or equivalent)
electro-optical display system, a
Tattletale model 7 (or equivalent) com-
puter (the micro-
controller), and the
relay boards men-
tioned above. The
display system in-
cludes four 1-by-1.5-
in. (2.5-by-3.8-cm)
programmable mul-
tifunction pushbut-
tons (PMPs), which
are the cockpit
switches mentioned
above. Each PMP
contains 560 light-
emitting-diode
(LED) elements
that are readable in
sunlight. The dis-
play system also
includes a refresh
processor unit (RPU), which serves as
an interface between the PMPs and the
microcontroller. The RPU accepts data
that are in RS-232 ASCII format and
that include specified sequences of con-
trol characters that provide for textual

systems

Figure 2. The Microcontroller and Relay Board are installed together as a set
in the SR-71 cockpit.

and graphical displays on the PMPs.
The capabilities for controlling the dis-
play include the ability to make one or
all of the PMPs blink, turn all the pixels
on, perform a self-test, clear the display,
and select any of 35 levels of luminance.

NASA Tech Briefs, November 1997



The microcontroller is a high-perfor-
mance data logger based on the
Motorola 68332 (or equivalent) micro-
processor. It is programmable in ANSI
C; the program can be written on a per-
sonal computer and downloaded to a
nonvolatile flash electrically erasable
programmable read-only memory (EE-
PROM) in the microcontroller.

The microcontroller includes 12 gen-
eral-purpose input/output (I/O) pins,
nine of which are used for feedback
from the relay boards. The feedback
informs the microcontroller that a
switch action has occurred. If there is a
malfunction, the microcontroller causes
the display on the appropriate switch to
blink. The output from the microcon-
troller to the relay boards is in the form
of eight-bit addresses transmitted via
output pins of a time-processor unit in
the microprocessor. These addresses are
decoded by circuits on the relay boards
and used to actuate the appropriate
relays. The downloading of software
from the personal computer is accom-
plished via a serial port by use of a ter-
minal program.

Interface boards for the microcon-
troller were also developed at Dryden
Flight Research Center and include the
following: a basic operations board, a
buffer board, and a serial 1/O board.
The boards serve as the interfaces
among the RPU board, the relay boards,
and the personal computer (which is
used for monitoring activity as well as
programming).

Each relay board holds a dc-to-dc
power converter, eight relays, and an
address-decoding circuit. The dc-to-dc
converter supplies power at a poten-
tial of 5 V for the relay outputs and the
address decoder. The relays are of the
nonlatching, double-throw type. One
of two outputs goes to the circuit or
relay of interest; the other output pro-
vides feedback to the microcontroller.
This is the feedback, mentioned previ-
ously, that results in a change in the
switch display. If the change is inten-
tional and is the result of pressing a
switch, then the face of the switch dis-
plays the expected result. If the feed-
back is triggered by a failure, then the
switch display blinks as mentioned
before and indicates “FAIL” on the
display.

This work was done by Michael
Toberman of Dryden Flight Research
Center. For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com wunder the
Electronic Systems category, or circle no.
122 on the TSP Order Card in this issue to
receive a copy by mail (85 charge).
DRC-97-04
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Miniature Directional Hydrophones

Micromachined tunneling transducers are housed between titanium hemispheres.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Miniature low-noise, neutrally buoy-  Accelerometer With Dual Feedback”

ant, directional hydrophones are under-
going development. A prototype minia-
ture hydrophone is contained in a
spherical titanium shell (see figure) with
a volume of about 0.52 in.* (8.6 cm?).
These miniature hydrophones are
intended to replace older hydrophones
contained in packages with volumes of
about 20 in.? (328 cm?®).

The sensors in the miniature hydro-
phones are micromachined tunneling
accelerometers like those described in
“Dual-Element Tunneling Acceler-
ometer” (NPO-18862), NASA Tech Briefs,
Vol. 18, No. 11 (November 1994), page

(NPO-19259), NASA Tech Briefs, Vol.21,
No. 2 (February 1997), page 55. The
compactness, sensitivity, and low self-
noise of the tunneling accelerometers
makes it possible to achieve the desired
miniaturization while retaining the
desired level of performance.

In assembling the prototype minia-
ture hydrophone, the accelerometers
plus feedback control and other elec-
tronic circuits are mounted on or in a
lightweight frame, and the resulting
assembly is bonded inside one of two
hemispherical titanium shells. Input and
output wires pass through a feed-

nected to the circuits inside the shell.
The two hemispherical shells are then
bonded together to make a single spher-
ical shell that can be evacuated and can
withstand external pressure of 1,000 psi
(6.9 MPa).

This work was done by Thomas W. Kenny,
William J. Kaiser, Howard W. Rockstad, Joseph
K. Reynolds, Elaine Lindelef, and Timothy E.
Cushing of Caltech for NASA’s Jet
Propulsion Laboratory. For further informa-
tion, access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Physical Sciences category, or circle
no. 157 on the TSP Order Card in this issue to
receive a copry by mail (85 charge).

36 and “Dual-Element Tunneling through block on the shell and are con-  NPO-19678
Titanium Shell, Titanium Shell,  Support ek
1 in. Diameter 1 in. Diameter 2l Circuit Board
(2nd board not shown)
Wires
Pressure Pressure

Handle

Handle

Valve

Input and
Output Wires

Feed-Through
Block

VERSION 1

Input and
Output Wires
Support Rail Block

Feed-Through

Valve

Accelerometers

VERSION 2

A Spherical Titanium Shell contains a miniature directional hydrophone. The two versions differ in the configurations in which the accelerometers and
circuit boards are bonded to the support rails. In this example, the two accelerometers provide sensitivity to accelerations along two orthogonal axes.

@ Compact Off-Axis Relay for Adaptive Optics
This design provides an accessible pupil location and simplifies alignment.
NASA’s Jet Propulsion Laboratory, Pasadena, California

An optical relay has been designed
to provide coupling between a
deformable mirror and a Cassegrain
astronomical telescope. The deform-
able mirror is part of a system of adap-
tive optics for real-time correction of

58

optical wavefront distortions caused by
turbulent variations in the index of
refraction of the atmosphere. The relay
is an unobscured optical subsystem
with a magnification of —1. It provides a
pupil plane conjugate to the primary

www.nasatech.com

mirror of the telescope, with proximate
object and image planes. The pupil
plane is intended to be the location of
the deformable mirror.

The relay (see figure) includes a pair
of off-axis paraboloidal mirrors and

NASA Tech Briefs, November 1997
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This Ray-Trace Diagram shows the layout of the relay, which features compactness, accessibility of pupil location, ease of alignment, and minimization of

the number of reflections.

three flat mirrors in an unusually com-
pact, folded arrangement. Rays coming
from the Cassegrain focus of the tele-
scope are recollimated by the first off-
axis paraboloidal mirror (OAP1). The
recollimated rays are folded by three
flat mirrors (F1, F2, and F3) and are
then reimaged at the original focal
ratio by the second off-axis parabo-
loidal mirror (OAP2). In addition to
recollimating the Cassegrain-focused
rays, OAP1 also forms a pupil conju-
gate to the telescope primary mirror at
F2, where the deformable mirror is
placed.

Because of a limitation on actuator
strokes in the deformable mirror, an
independent tip/tilt mirror is usually

needed: The location of F1 is an ideal
location for the placement of this
tip/tilt mirror. The location of F3 is
also available for a second deformable
mirror in a multiconjugate adaptive
optical system, which can correct for
atmospheric turbulence at different
altitudes and thereby increase the
angular size of the corrected field.

An auxiliary benefit of this design is
that through appropriate selection of
the angles of the flat mirrors, the axes
of symmetry of the two off-axis parabo-
loids can be made parallel to each
other. This parallelarity eases align-
ment in that it makes it possible to
align the two off-axis paraboloids by
use of a single jig that carries a retrore-

flecting mirror or other appropriate
alignment apparatus, with a simple lin-
ear translation of the jig between the
two axes. In another, related tech-
nique, a sufficiently wide alignment
beam could be used to illuminate both
off-axis paraboloids simultaneously,
and the return signals would be used to
align their respective axes.

This work was done by Richard G.
Dekany of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Physical Sciences category, or cir-
cle no. 153 on the TSP Order Card in this
issue to receive a copy by mail ($5 charge).
NPO-19943

Improved Model for Hot-Electron-Bolometer Mixer

Electrons and phonons are characterized by two different temperatures.
NASA's Jet Propulsion Laboratory, Pasadena, California

An improved theoretical model has
been developed to represent the pho-
toresponse of a quasi-optical signal-
mixing device of the hot-electron-
bolometer type. More specifically, the
model pertains to a device in which two
input signals with frequencies of the
order of 2.5 THz that differ by an
amount of the order of 2.5 GHz
impinge a submicron-sized bridge

60

(microbridge) made of a film of the
high-critical-temperature (high-7,)
superconductive material YBa,Cu;O; 5
about 10 nm thick between normally
conductive metal contacts on a highly
thermally conductive substrate on a
heat sink. The impinging signals cause
nonequilibrium heating of the elec-
tron gas in the microbridge. Due to
strong local oscillator pumping, the

www.nasatech.com

electron temperature is close to T
therefore, this nonequilibrium heating
causes variations in the electrical resis-
tance of the microbridge, resulting in
mixing of the signals to generate a sig-
nal at the difference frequency of
about 2.5 GHz.

The model accounts for heating of
both the electrons and the crystalline
lattice of the YBay,CusO;_; film, and for

NASA Tech Briefs, November 1997



diffusion of heat through the film to
both the substrate and the normally
conductive metal contacts (see figure).
The electron and phonon populations
are characterized by temperatures 7.
and T, respectively; in the nonequilib-
rium environment, these temperatures
can differ from each other and from
the temperature of the substrate.

The figure illustrates the principal
heat-removal processes taken into
account in the model. Unlike in Nb
superconductive microbridges that
operate at much lower Ts (of the
order of 5 K), electron diffusion con-
tributes little to the removal of heat in
the high-7. case. Measurements have
shown that the resistive response can
be described in terms of (1) relaxation
of the T, via interaction with phonons
with a characteristic time, 7., of about 1
to 2 ps at typical T, between 80 and 90
K and (2) a slower relaxation of T, by
escape of phonons to the substrate with
a characteristic time that depends on
the dimensions of the YBa;Cu;O;_; film
and the substrate material. Some non-
equilibrium phonons escape from the
YBayCusO;_; film through the film/sub-
strate boundary with a characteristic
time 7., while others diffuse to the nor-
mal-metal contacts with a characteristic
time T4y Yet another thermal process
that affects the relaxation time and the
total thermal resistance of the micro-
bridge is the diffusion of heat (via
phonons) in the substrate.

The model incorporates coupled
nonlinear differential equations for 7.
and 7, as functions of time. These
equations can be solved to evaluate the
performances of microbridges with var-
ious design parameters under various
operating conditions. In particular, the
model has been used to study all
important mixer parameters for a prac-
tical range of operating conditions
needed for a 2.512-THz heterodyne
receiver that would be used to measure
the concentration of OH radicals in
the upper atmosphere. It has been
shown that a microbridge mixing
device like the one described above
could be made to exhibit a very low
noise temperature (=2,000 K) and to
consume only microwatts of local-oscil-
lator power.

This work was done by Boris S. Karasik,
William R. McGrath, and Michael C. Gaidis
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, access
the Technical Support Package (TSP) free on-
line at www.nasatech.com wunder the
Physical Sciences category, or circle no. 155
on the TSP Order Card in this issue to receive
a copy by mail (85 charge).

NPO-20045
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@ Laser-Based Techniques for Research on Combustion

Concentrations of soot and polycyclic aromatic hydrocarbons can be
spatially and temporally resolved.

Lewns Research Center, Cleveland, Ohio

Laser-induced incandescence (LII)
and laser-induced fluorescence (LIF)
have been found to constitute a valu-
able combination of techniques for
research on combustion processes.
These techniques can be used to
obtain temporally resolved images of
concentrations of polycyclic aromatic
hydrocarbons (PAHs) and of soot in
flames and exhaust gases. Spatially

resolved quantitative data on the con-
centrations can be extracted from the
images. These data are important
because concentrations of PAHs and
soot are indicative of basic physical
and chemical combustion mechanisms
and of the performances of combus-
tors. For example, soot necessarily
forms from PAH precursors, and both
soot and PAHs are major constituents
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of combustion-related atmospheric
pollution.

LIF yields information on PAH con-
centrations, while LII yields informa-
tion on soot concentrations. [The use
of LII to measure the spatially and
temporally resolved concentration
of soot in a flame was reported previ-
ously in “Laser-Induced Incandes-
cence for Research on Combustion”
(LEW-16078), NASA Tech Briefs, Vol.
20, No. 12 (December 1996), page
16a.] Depending upon the specific
experiment that one seeks to perform,
one can use either LII or LIF
separately, or one can use both tech-
niques simultaneously to obtain more
information than can be obtained by
either technique alone, as explained
below.

If a single pulse of ultraviolet laser
light is used for excitation, then both
LIF and LII signals can be detected
during and shortly after the pulse. The
LII signal decays more slowly than the
LIF signal does; this feature can be
used to distinguish between the LIF
and LII responses. If a single pulse of
near-infrared laser light is used for
excitation, then only a LII response is
observed during and shortly after the
pulse. When infrared and ultraviolet
pulses are used in measurements, then
the difference between the combined
ultraviolet-excited LIF/LII image and
the infrared-excited LII (only) image
can yield an LIF image.

LIF and LII can be observed and
measured by use of images acquired
by intensified cameras, relying on the
excitatory laser pulses to provide tem-
poral resolution. The use of LII and
LIF in various excitation/detection
schemes was demonstrated in experi-
ments on a well-understood gas-jet dif-
fusion flame, in which ethylene flowed
out of a brass tube and burned in a
surrounding co-flow of air. In each
experiment, the laser beam was
formed into a sheet to illuminate a
cross section of the flame just above
the end of the tube. A gated, intensi-
fied camera was used to view the LIF
and/or LII coming from the illumi-
nated cross-sectional plane. The fig-
ure contains three images acquired
under different excitation/detection
conditions, as follows:

The first image shows LII (only)
excited by a laser beam at a wavelength
of 1,064 nm and viewed through a

NASA Tech Briefs, November 1997



LIl Excited by 1,064-nm Laser, Viewed at 400 nm

LIF and LIl Excited by 266-nm Laser,
Viewed at 400 nm

LIF and LIl Excited by 266-nm Laser,
Viewed at 600 nm

An Ethylene/Air Diffusion Flame just above the end of a tube was imaged by LIF and LIl at various wavelengths. The small intervals of the ruler

are millimeters.

band-pass interference filter centered
at a wavelength of 400 nm. This image
reveals soot in a thin annular region
typical of diffusion flames.

The second image shows simultane-
ous LIF and LII excited by a 266-nm
laser, also viewed through the 400-nm
band-pass filter. This image reveals
both the annular distribution of soot
and the distribution of PAHs in the
fuel-rich region surrounded by the
annular soot shell.

The third image shows simultaneous
LIF and LII excited by a 266-nm laser
and viewed through another band-bass

DADS

Calculate loads, positions, velocities.
Integrated with CATIA, I-DEAS
Master Series, and Pro/ENGINEER.
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SIMULATION DRIVEN DESIGN"™

interference filter at a wavelength of
600 nm. The LII (soot) component of
this image resembles that of the pre-
ceding image, but the LIF (PAH) com-
ponent appears concentrated closer to
the region containing the soot; this
result is consistent with (a) the previ-
ous observation that larger PAH mole-
cules tend to fluoresce at greater wave-
lengths, coupled with (b) the hypothe-
ses that the basic physical and chemi-
cal mechanisms of the flame should
result in concentration of larger PAH
molecules toward the outer region
where soot forms.

S COV-ER T HE

DADS/Plant

Mechanical System Simulation
integrated with control systems in
MATLAB, MATRIXx, and EASYS.

This work was done by Randy L. Vander
Wal of NYMA, Inc., for Lewis Research
Center. For further information, access the
Technical Support Package (TSP) free on-
line at wwuw.nasatech.com wunder the
Physical Sciences category, or circle no.
172 on the TSP Order Card in this issue to
receive a copy by mail ($5 charge).

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Office, Atin: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16302.
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grated in CATIA, I-DEAS Master Series,
and Pro/ENGINEER.
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Interface Low-Profile Load Cells, with
their unique shear web design and
premium alloy construction, continue to
set the performance standard in force
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These high performance load cells excel
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scientific and industrial applications
world-wide. The superior design provides:
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» High frequency response
¢ Excellent symmetry
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loading
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Don't settle for less. Call today to discuss
your specific application.
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Tel. (800) 947-5598
Fax (602) 948-1924
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http://www.interfaceforce.com
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Self-Calibration

mTwo-Wavelength Pyrometry With

Knowledge of instrument gain, emissivity, and transmissivity
are not necessary for determining temperature.

Lewis Research Center, Cleveland, Ohio

An improved method of two-
wavelength optical pyrometry provides
for the determination of different
temperatures of a specimen surface
at different times. Unlike in other
pyrometric methods, there is no
need for explicit knowledge of such
ancillary wavelength-dependent para-
meters as emissivity of the specimen
surface (or ratios between emissivities
at different wavelengths) and transmis-
sivity of the optical path from the spec-
imen to the pyrometer. There is also no
need for explicit knowledge of the
wavelength-dependent voltage re-
sponse of the pyrometer; in other
words, it is not necessary to calibrate
the pyrometer. Instead, the method
provides for self-calibration through
the generation and use of implicit cali-
bration information from pyrometer
readings at two wavelengths and at two
or more different temperatures.

The method requires a pyrometer
in the form of a spectrometer, plus
a computer to acquire and process
the pyrometer readings. The method
is based on (a) Planck’s radiation
law as modified for wavelength-
dependent emissivity and transmissivity,
and (b) the fundamental equation for
the response of the pyrometer. Planck’s
radiation law can be expressed as

xTha
A8 240
{exp(lT) ]

where L(A,T) is the spectral intensity of
the radiation at wavelength A arriving at
the pyrometer, T is the absolute temper-
ature of the emitting surface of the spec-
imen, &, is the wavelength-dependent
emissivity of the specimen surface, 7 is
the wavelength-dependent transmissivity
of the optical path, and ¢ and ¢ are fun-
damental physical constants. The volt-
age response of the pyrometer to the
incident radiation at wavelength A4 is
given by

LA, 1=

VA) = LA, T)
Let the unknown wavelength-depen-
dent parameters g, &, and 7; be lumped
into one wavelength-dependent term via

AM) =g an

www.nasatech.com

Let pyrometer readings be taken at
wavelengths A; and A, at two different
times (0, &, &, . . ., ) when the tempera-
tures of the specimen [7(0),T(4), T(t), .

, T(t)] are different. By combining and
manipulating the foregoing equations,
one can show that the four pyrometer
readings are related by the following
equation:

A
L Alg) }al

V(A41,0) { ViAo, 1)

VA, t) Ay
[H Ads) ]AI o5
V(As,0)

Least-squares
quantity

curve fitting of the

g
()= Y00 _ [1+ AGs) ()] +1
il =

{1+ A(Ag) ]11
V(Ag,0)

versus the quantity

1
)= VA, 1)

from ¢ = 0 to time = t determines the
quantity A(4;). One can also formulate
this equation with the roles of A and A,
interchanged and solve the equation to
obtain A(A,). Thereafter, one can com-
pute the instantaneous temperature
directly from a pyrometer reading at
either wavelength, using

AL)
Mn|:1 - V(/‘L)j|

This work was done by Daniel Ng of Lewis
Research Center. For further information,
access the Technical Support Package (TSP)
free on-line at www.nasatech.com under the
Physical Sciences category, or circle no. 160
on the TSP Order Card in this issue to receive
a copy by mail (85 charge).

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Lewis Research Center, Commercial
Technology Office, Attn: Tech Brief Patent
Status, Mail Stop 7-3, 21000 Brookpark Rd.,
Cleveland, OH 44135. Refer to LEW-16182.
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b Electrically Conductive Thermal-Control Coating Materials

The materials retain electrical conductivity during exposure to vacuum.
Marshall Space Flight Center, Alabama

Coating materials that consist largely
of tin oxide exhibit a useful combina-
tion of solar absorptance, thermal
emittance, and electrical conductivity.
The materials are intended for use as
thermal-control coats for spacecraft;
they may also be useful on industrial or

rides or oxalates in concentrations of 1
to 4 weight percent relative to the
amount of tin oxide. The antimony
and indium produce extrinsic defects
within the crystal lattice of the tin
oxide. These defects bring electrons in

and solvents to form a liquid mixture
that can be sprayed to coat the surface
in question.

This work was done by Richard J. Mell of
Marshall Space Flight Center. For fur-
ther information, access the Technical

scientific vacuum-equipment surfaces
that are required to exhibit their spe-

cific thermal-radiation and electrical

properties. Unlike older materials
used for the same purpose, these mate-
rials do not lose electrical conductivity
during long exposure to vacuum.

A material of this type is made high-

the valence band close enough to the
conduction band to make the elec-
trons highly mobile between the
bands. This results in high electrical
conductivity.

The ingredients are mixed in several
steps of wet and dry ball milling. The
mixture is heated to a temperature
between 1,000 and 1,100 °C for four

Support Package (TSP) free on-line at
www.nasatech.com under the Materials
category, or circle no. 128 on the TSP
Order card in this issue to receive a copy by
mail ($5 charge).

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

ly electrically conductive by incorpo- to MFS-28916.

rating antimony and indium via chlo-

hours, then cooled, then milled again.
Next, the material is mixed with a resin

p Simplified Micromechanics of Plain-Weave Composites
Mechanical, thermal, and hygral behavior can be estimated with less computation.
Lewis Research Center, Cleveland, Ohio

A micromechanics-based method has
been developed to facilitate numerical
simulation of the mechanical, thermal,
and hygral responses of plain-weave
matrix/fiber laminated composite
materials. The equations obtained via
this method are meant to be used in
combination with micromechanics-
based computer codes like Integrated
Composite Analyzer (ICAN), which has
been described previously in NASA
Tech Briefs. Because it is based on micro-
mechanics, this method affords the
capability for mathematically modeling
stresses and strains at any level of detail
from a microscopic scale within an
individual fiber or interfiber matrix to
a macroscopic laminate. The main
advantage of this method is that micro-
mechanics is based on closed-form
equations and thus offers high compu-
tational efficiency, relative to a detailed
three-dimensional finite-element for-
mulation.

As used here, “plain-weave” pertains
to a fabric in which a warp or longitu-
dinal fiber tow is interlaced with every
second fill or transverse fiber tow. A
representative volume element or unit

model accounts for the undulations of
the fiber tows and the distributions of
fiber ends through the thickness. In
applying the basic equations of micro-
mechanics, it is assumed that the classi-

cell (see figure) based on the repeating
unit of the plain-weave-fabric compo-
nent of a composite is used to con-
struct a mathematical model of the
micromechanics in this method. The

Matrix-Rich Region

Warp Fiber Tow
Fill Fiber Tow

One-Fourth of a Unit Cell derived from the periodic structure of a plain-weave fabric is used in the
micromechanics-based analysis. The rest of the unit cell is modeled by copying the results from this
portion, invoking arguments of symmetry.
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cal laminate plate theory is applicable
in thin sections defined by slices
orthogonal to the xaxis. Each section is
further sliced in its x—z plane, the prop-
erties of each slice are computed as
though each were a ply in a laminate,
then the properties of the stacked of
slices are computed to obtain the prop-
erties of each section.

For a stress analysis, a laminate
analysis is performed with an applied
load to obtain equivalent slice stresses
in warp and fill regions. Optionally,
one can then perform a micromechan-
ics-based analysis again to divide the
stresses in the warp and fill regions

into fiber and matrix microstresses.
Thus, one can simulate responses at
any level of detail. All the features that
are already incorporated into ICAN or
another composite-analysis code for
modeling such phenomena as effects
of processing, voids, environmental
degradation, and effects of cyclic loads
can be incorporated easily into an
analysis by the present method. In a
comparison involving a graphite/
epoxy and a SiC/SiC plain-weave com-
posite, the present method was found
to yield predictions similar to those of
detailed three-dimensional finite-ele-
ment analyses and in reasonably close
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agreement with limited experimental
data.

This work was done by Pappu L. N.
Murthy and Christos C. Chamis of Lewis
Research Center and Subodh K. Mital of
the University of Toledo. For further infor-
mation, access the Technical Support Pack-
age (TSP) free on-line at www.nasatech.
com under the Materials category, or circle
no. 115 on the TSP Order card in this issue
to receive a copy by mail (85 charge)

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16435.

® Micromechanics
for Particulate-
Reinforced

Composites

Mechanical and thermal
properties can be predicted
faster and more easily

than before.

Lewis Research Center,
Cleveland, Ohio

The macroscopic mechanical and
thermal properties of matrix/particle
composite materials and the responses
of such materials to applied loads can
now be predicted by use of simplified
equations derived from basic consider-
ations of micromechanics. Typical
bounding methods — and such numer-
ical methods as finite-element analysis
— provide bounds on the effective
macroscopic thermal and mechanical
properties of matrix/particle compos-
ites. These methods entail major disad-
vantages: either the bounds are far
apart, or (when numerical techniques
are used) the computations take too
much time to be practical for frequent
or routine analyses. In contrast, the
simplified equations are highly compu-
tationally efficient and yield results
within engineering accuracy.

The simplified equations predict the
thermal and mechanical properties,
averaged over volumes large enough
so that the material appears homoge-
neous, on the basis of (1) the thermal
and mechanical properties of the con-
stituent materials and (2) such fabrica-
tion-related parameters as the sizes
and volume fractions of the particles.

NASA Tech Briefs, November 1997



With the help of simple microstress
equations, it is also possible to predict
the stress and strain in each con-
stituent. The simplified equations are
usually in closed form and, unlike the
equations of older methods, do not
require either numerical integration
or iteration. Thus, the equations are
computationally efficient yet capable
of adequately modeling the applicable
physics.

The derivation of the simplified
equations starts from a mechanics-of-
materials approach at the microscopic
scale — similar to the approach fol-
lowed previously with respect to
matrix/fiber composite materials. The
particles are modeled as being spheres
of equal diameter dispersed uniformly
throughout the matrix or binder mate-
rial on a cubic lattice. The diameter of
the model particles is an average calcu-
lated from the distribution of sizes of
the real particles. The distance
between neighboring particles on the
lattice is computed from the sizes and
volume fraction of the particles. Each
cell of the lattice is regarded as a rep-
resentative volume element; the micro-
mechanics equations are developed for
this volume element and used to repre-
sent the macroscopic properties of the
composite material.

The simplified equations have been
tested by applying them to two materi-
als; (1) a particulate composite with
constituents that have properties repre-
sentative of those of constituents of
concrete, and (2) a metal-matrix/parti-
cle composite that is a candidate for
use in some automotive applications.
The predictions obtained from the
equations were compared with bounds
obtained by other methods and with
experimental data, where available.
The results of these tests confirmed the
expectations of computational efficien-
cy and of the excellence of the micro-
mechanics predictions.

This work was done by Pappu L. N.
Murthy and Robert K. Goldberg of Lewis
Research Center and Subodh K. Mital of
The University of Toledo. For further infor-
mation, access the Technical Support Pack-
age (TSP) free on-line at www.nasatech.
com under the Materials category, or circle
no. 166 on the TSP Order card in this issue
to receive a copy by mail ($5 charge).

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Office, Atin: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16370.
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High Performance Seals

¢ Low friction Turcon®

e Temperatures to 575 °F
* Universal compatibility
* Spring-energized

e 1/32” to 192" diameter

The Turcon® Variseal™ W,
a high performance seal
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blended materials and
energized by our patented
Slantcoil® spring, will
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operating conditions. Call for
a free Seal Selection Guide.
Fax: 1-303-469-4874
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Miniature Temperature Sensors
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Teflon insulated wires or stainless steel braided cable
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Monitor bearing condition — embed beneath
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probe style sensor is required in restricted space
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® Guanidine: a Unique Strong

Organic Base

Guanidine can be used in place of NaOH and
KOH in some applications.

Lewis Research Center, Cleveland, Ohio

Guanidine [NH;C(:NH)NHj;] is an organic base with a strength
equal to that of sodium hydroxide. Guanidine can be used as a
substitute for alkali metal hydroxides in making ceramics in which
residual sodium or potassium ash would be detrimental, because
guanidine and its organic derivatives can be removed thermally,
without leaving residues. Ceramics in which sodium or potassium
ash would be detrimental include those in which resistance to oxi-
dation must be combined with high strength, and ceramic super-
conductors, which must be pure to have high critical-current
capacities. Guanidine can also be used in the recovery of cations
(using the guanidine form of cation-exchange resins), as an addi-
tive for electroplating, and as a soap for lubricants.

Ceramic articles are generally fabricated from powders by a vari-
ety of processes that include slip casting, injection molding, and
doctor blading. In most cases, ionic organic chemicals are used in
these processes as deflocculants and binders to form “green”
(unfired) bodies of adequate strength to permit handling prior to
firing. Many organic processing aids contain alkali metal cations —
usually sodium, which remains in ash in the fired products. These
impurities degrade the high-temperature performances of the fin-
ished articles — a shortcoming that can be prevented by use of
guanidine and guanidine derivatives instead of metal hydroxides.

The following three classes of guanidine derivatives have been

found to be useful in making ceramics:
¢ Guanidine oxalate: useful as a reagent for making intimate
oxide mixtures. The metal oxalates, which serve in this case as
precursors to metal oxides, are coprecipitated in one step and
then thermally decomposed into oxides: This technique can be
used to make easily sinterable oxide powder mixtures.
Guanidine oxalate coprecipitation has been used to produce
high-grade YBa;CusO;_, superconducting powder, intimate
Sr/La/Cu powder mixtures, and yttria-doped cerium (III) oxide.
Guanidine polyelectrolytes (guanidine polyacrylate) and sur-
factants: These are excellent deflocculants and binders for
making ceramics. Guanidine polyacrylate is a good defloccu-
lant and binder for uncontaminated ceramic slurries used for
slip casting, injection molding, and doctor blading. Such ionic
polyelectrolytes as guanidine polyacrylate have been found to
provide excellent “green”-body strength.
Guanidine soaps, which are guanidine salts of organic fatty
acids: These can be used as vehicles and binders for coating
substrates with oxides and noble metals. The guanidine fatty
acid salt guanidine 2-ethyl-hexanoate has been found to be a
useful vehicle and binder for coating alumina (sapphire) fibers
with zirconia and platinum. It has also been used to coat
Haynes Alloy 130 with platinum to prevent oxidation at elec-
trical contacts. Guanidine 2-ethyl-hexanoate wets oxides as well
as most metal surfaces.

This work was done by Warren H. Philipp, Martha H. Jaskowiak,
and Lisa C. Veitch of Lewis Research Center, Joseph M. Savino of
Cleveland State University, and Mark DeGuire of Case Western Reserve
University. For further information, access the Technical Support
Package (TSP) free on-line at www.nasatech.com under the Materials
category, or circle no. 121 on the TSP Order card in this issue to receive
a copy by mail ($5 charge).

Inquiries concerning rights for the commercial use of this invention
should be addressed to NASA Lewis Research Center, Commercial
Technology Office, Attn: Tech Brief Patent Status, Mail Stop 7-3,
21000 Brookpark Rd., Cleveland, OH 44135. Refer to LEW-14984.

NASA Tech Briefs, November 1997
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ABS Ring

PRODUCTION
ECONOMIES

Because it could be a matter of life or
death, every component in automatic
brake systems must perform unfailingly.

This stainless steel P/M ABS ring for
the hub assembly meets rigid standards
for strength (7.0 g/cm?), uniformity,
reliability, and therefore safety.

But it also lowered the manufacturer’s
cost compared with rings produced
using other metal forming techniques
by e?iminoting most machining opera-
tions, substantially reducing capital
investments and tooling costs.

In critical application after critical
application P/M proves its worth
every day.

New FREE Brochures

For a free copy of the latest P/M Design Solutions Brochure
and a P/M Buyers Guide, send in the readers service card
or write Metal Powder Industries Federation at 105 College
Road East, Princeton, NJ 08540. Or call 609/452-7700;

FAX 609/987-8523.

Pepper Mill Stator & Rotor

MUCH CLOSER
TOLERANCES

P/M was chosen over other metal
forming processes to produce stainless
steel helical parts for this pepper mill
because ifs near net shape characteris-
tic significantly lowers cost over
machining.

But the precision of the coarse and
fine cutting teeth — due to the tight
tolerances you get with P/M — create
a smooth turning action that's easily
sensed by the user.

If you're looking for value added and
a competitive edge, look fo P/M.

| http:/ /www.mpif.org/mpif

ge)

Connecting Rod

UNIFORMITY

Reciprocating components of an
engine must withstand repeated cycles
of load stress for tens of millions of
crclesA Failure could shorten engine
lite and lead to costly repairs.

P/M con rods meet the requirement
for superior fatigue strength and pro-
duce two additional value-added ben-
efits. The fight weight control offorded
by the P/M process reduces vibration
and total rod weight, resulfing in
smoother engine performance and
improved fuel economy.

This is another example of why P/M
components consistently outperform
those made with any other metal
forming process.

P/M POWDER
METALLURGY

The bonding of innovation
and quality



New Products and Services for NASA Tech Bri
the corresponding number on the Free Inf

PORTABLE NOMAD™
TEMPERATURE &
TEMPERATURE/
HUMIDITY DATA -
LOGGER

Omega'’s Nomad Series datalog-
ger is a low-cost, easy-to-use, com-
pact portable datalogger, which can record either
temperature or temperature/humidity data. The
Nomad-T datalogger measures and records temper-
ature using an internal temperature sensor from
-40° to 70°C, or with the optional remote sensor
from -40° to 123°C. The Nomad-RH measures and
records both temperature from -40° to 70°C and rel-
ative humidity from 20 to 95% RH, simultaneously.

Omega Engineering Inc.

For More Information Circle No. 600

HANDHELD
INFRARED
THERMOMETERS

The portable, rugged
08520 Series infrared ther-
mometers are ideal for
non-contact surface tem-
perature measurements.
Features include adjustable
emissivity, custom backlit

. LCD, high alarm setpoint,
and opuonal laser slghung Three models cover
temperature ranges from -18°C to 870°C. Basic unit
is $345.

Omega Engineering Inc.

For More Information Circle No. 601

1/16 DIN R
MICROMEGA
AUTOTUNE PID
TEMP/PROCESS
CONTROLLERS
The MICROMEGA®
features a dual LED dis-
play, front panel config-
uration, selectable tem-
perature/process
inputs, and universal
power supply that
accepts 90 to 250 Vac or Vdc. Available in single
and dual-output configurations. Basic unit is $219.

Omega Engineering Inc.

For More Information Circle No. 602

OMEGAFLEX®
PUMP
MOTOR

The OMEGAFLEX®
FPU5-MT  pump
motor offers micro-
processor control
and a digital display, and is designed to be fully
compatible with OMEGA’s FPU500 pump.
Calibrating the unit is easy with the user-friendly
control software. Simply select a tubing size and the
desired flow rate and the pump motor locks in the
required RPM. Basic unit is $975.

Omega Engineering Inc.

For More Information Circle No. 603

ECONOMICAL
GAS MASS
FLOW CONTROL
SYSTEM

Designed to control the
flow of non-corrosive
gases, the FMA-1900 is
designed to meet the
same performance crite-
ria as any industry-stan-
dard mass flow con-
troller at half the price. The FMA-1900 provides
digital readout of mass flow rate and setpoint
adjustment on-board, and analog output for
remote transmission. Basic unit is $795.

Omega Engineering Inc.

For More Information Circle No. 604

GENERAL-
PURPOSE AIR
VELOCITY
TRANSDUCERS

The unique FMA-900
Air Velocity Trans-
ducer utilizes both a velocity sensor and a tempera-
ture sensor to accurately measure the air velocity in
SFPM (standard feet per minute). The built-in
rugged RTD temperature sensor automatically cor-
rects the flow rate for temperature variations.
Outputs are in 0 to 5 Vdc or 4 to 20 mA with a tem-
perature range of 40 to 121°C. Basic unit is $822.

Omega Engineering Inc.

For More Information Circle No. 605

VR100 SERIES
PAPERLESS
RECORDER

The OMEGA® VR100
paperless recorder series
offers real-time display of
data on a color LCD dis-
play, and data storage on
a standard 3.5-inch flop-
py disk. For enhanced
reliability and perfor-
mance, flash memory is used to hold data for a sin-
gle download to the floppy when inserted. The unit
measures up to four or six channels of signals from
DC voltage, thermocouple, or RTD sources. Basic
unit is $3,425.

Omega Engineering Inc.

For More Information Circle No. 606

VOL. MM™ 21ST
CENTURY™
PREVIEW EDITION

Over 750 Full-Color Pages.
Your source for the latest
products in:

* Temperature

® Pressure and Force

* Flow and Level

® Data Acquisition

* pH and Conductivity

® Electric Heaters

¢ Environmental

Omega Engineering Inc.

For More Information Circle No. 607

MICROPROCESSOR-
BASED PH &
TEMPERATURE
RECORDER

OMEGA’s CTPH is a cost-
effective recorder for pH
and temperature ideal for
facilities required to main-
tain a record of pH. The
pH range is 0.2 to 12.0
with Automatic Tempera-
ture Compensation, using a unique electronically
amplified probe that provides pH and temperature
input to recorder unit through a 6-pin Mini DIN
connector. Basic unit is $970.

Omega Engineering Inc.

For More Information Circle No. 608




FREE CATALOG
“OPTICS FOR

INDUSTRY"”

Free 130 page catalog from
Rolyn, world’s largest sup-
plier of “Off-the-Shelf”
optics. 24-hour delivery of
simple or compound lens-
es, filters, prisms, mirrors,
beamsplitters, reticles,
objectives, eyepieces, plus thousands of other stock
items. At off-the-shelf prices. Rolyn also supplies
custom products and coatings in prototype or pro-
duction quantities.

Rolyn Optics

Opses s rmbemtry
o

Boodrelow | METALS &

= MATERIALS FOR

= 4 | RESEARCH

o I | A large selection of research
metals and materials are avail-

'. 21
|82
2
-

able in small quantities, ready
for immediate shipment.
Almost 4,000 items are listed,
along with technical specifica-
tons and comparative data.
Featured are pure metals,
alloys, polymers, ceramics, composites, and honey-
combs. 48-hour delivery. Custom services are also avail-
able. Goodfellow Corporation, 800 Lancaster Ave.,
Berwyn, PA 19312-1780; Tel: 800-821-2870;
Fax: 800-283-2020; e-mail: info@goodfellow.com

APPLICATIONS GUIDE
FOR RETICULATED
POLYURETHANE FOAM

FilterCrest™ and FeltCrest™ reticulat-
ed polyurethane foam Applications
Guide includes fold-out chart listing applications by
market and function. Crest Foam materials are used
in products and processes for applying, filtering,
metering, reservoiring, wicking, cushioning, sealing,
suppressing/baffling, and many others. They are
offered in many pore sizes to meet specific applica-
tions. A questionnaire is included to help select a
suitable material for your application. Crest Foam
Industries, Inc., 100 Carol Place, Moonachie, NJ
07074; Tel: 201-807 0809; Fax: 201-807-1113; e-mail:
info@crestfoam.com; http://www.crestfoam.com

i o s e Goodfellow Corp. Crest Foam Industries, Inc.

For More Information Circle No. 609 For More Information Circle No. 610 For More Information Circle No. 611
LIGHTED pesionpata | FIBERGLASS ASSOCIATED
SWITCH FIP%’I(I?I.ASS LAMINATED SPRING-
CONTROLLER | | EPOX EPOXY 155 °C RAYMOND
The Interface Con- arganaty Design Data pamphlet SPECO CATALOG
troller, IFC, pro- features materials, prop- Associated  Spring-

vides flexible, low-
cost digital 1/0.
Up to 16 inputs
and 64 outputs @ 250 milliamps and 50 VDC. Serial
communication to the host processor via RS-232 or
RS-422/485 ports. Simple software driver set. Small
size, easy direct mount or DIN Rail mount.
StacoSwitch, 1139 Baker St., Costa Mesa, CA 92627;
Tel: 714-549-3041; Fax: 714-549-0930.

StacoSwitch

For More Information Circle No. 612

erties, and tolerances for
glass epoxy components.
It shows designers how to

potntondegiab s specify from open stock
® et tools, for potting forms,
o bobbins, coil forms, struc-

turals, and circuit board manufacturing aids.
Stevens Products, Inc., 128 N. Park St,, E. Orange,
NJ 07019. Tel: 201-672-2140.

Stevens Products, Inc.

For More Information Circle No. 613

Raymond's 1997 SPEC®
catalog features 70 mil-
lion product designs
and sizes for aircraft
and bicycles to computers and machine mainte-
nance. The company is the world’s largest source
for stock compression, gas, garter, torsion, exten-
sion, urethane, and constant-force springs, and
Belleville, finger, wave, and curved spring washers.

Associated Spring-Raymond
1705 Indian Wood Cr., Ste. 210, Maumee, OH 43537;
Tel: 800-872-7732; Fax: 419-891-9192.

For More Information Circle No. 614

CASE SELECTION

FREE 32-page color catalog fea-
tures largest off-the-shelf case
selection for immediate delivery.
Choose from models for carry-
ing, storing, protecting, and

* COMPREHENSIVE

)

shipping instruments, sensitive
and expensive equipment, laptop and notebook
computers, tools, circuit boards, sales rep’s samples,
trade show displays, catalogs, and more. Includes
descriptions, large color photos of case interiors
and exteriors indicating main features plus size,
weight, interior option, and price comparison
charts. To request your free Case Catalog, contact
Specialized Products Co., 3131 Premier Dr., Irving,
TX 75063; Tel: 800-866-5353; Fax: 800-234-8286.

Specialized Products Co.
For More Information Circle No. 615

NEW BOOK
MAKES
NONLINEAR
FEA EASIER FOR
ENGINEERS

A completely new book
from Dr. Constantine
Spyrakos and Dr. John
Raftoyiannis. Filled with
visual aids and easy-to-

read FEA theory, it will
help engineers gain insight and master the once-
considered difficult concepts of nonlinear FEA.
APD; Tel: 800-48ALGOR; e-mail: apd@algor.com;
www.algor.com/apd

APD
For More Information Circle No. 616

NEW KIND OF
MULTIMEDIA
VIDEO
TEACHES FEA
LESSONS

Finite Element Analysis in Action! is a new kind of
instructional video for engineers. Available on VHS
tape or interactive, 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: http://www.algor.com/apd.htm;
e-mail: apd@algor.com

ALGOR
PROVIDES
"4-WAY" INFO
ON THE WORLD
WIDE WEB

WWHWALEOD COM

Algor's Internet place has detailed information on
four product lines. Discover Houdini, Algor's auto-
matic CAD solid model to 8-node "brick” mesh con-
verter. Learn about Algor FEA, including case histo-
ries. Preview engineering videos, books and multi-
media. See all new integrated piping/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 Circle No. 618
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ALGOR:

FINITE ELEMENT
SOFTWARE
THAT’'S CAPABLE
& EXCITING

Algor’s finite element analysis and virtual engineer-
ing software for the 21st century is revolutionizing
the way engineers solve problems. Having more
advanced solution techniques, a friendlier inter-
face, and lower cost, Algor enables you to do things
other software can’t do. To see Algor in action, ask
for your free information. Algor; Tel: 412-967-2700;
Fax: 412-967-2781; e-mail: info@algor.com;
http:/ /www.algor.com

Algor

For More Information Circle No. 619

APD
For More Information Circle No. 617
ATA CARD
DRIVES

Envoy Data intro-
duces the ATAX
line of ATA Card
Drives that in-
clude interfaces to
IDE, ISA, and PCI bus. The drives come with a small 8
KB software driver that installs under Windows 95
without requiring an IRQ, A bootable unit allows
embedded computers to boot directly from an ATA
card. All the drives read and write to all ATA Flash
and Hard Drive cards. Envoy Data; Tel: 800-368-6971;
http://envoydata.com

Envoy Data

For More Information Circle No. 620




NEW PRECISION
MECHANICAL
COMPONENTS
CATALOG

PIC Design has published
Catalog 44, their biggest ever.
The catalog includes an
expanded line of linear
motion systems, modular
framing elements, and belts and pulleys. Also fea-
tured are PIC Design positioning tables, ball slides,
lead screws, precision gears, bearings, shafting, cou-
plings, and hardware. Many components are avail-
able in both inch and metric sizes. PIC Design, Box
1004, Middlebury, CT 06762-1004; Tel: 800-243-6125;
Fax: 203-758-8271; e-mail: info@pic-design.com

PIC Design
For More Information Circle No. 621

FLEXIBLE
BORESCOPE
BROCHURE

Machida Inc.’s color brochure
details their complete line of
quality flexible borescopes
designed for industrial applica-
tions. Machida borescopes can
accommodate most inspection when the elimina-
tion of costly tear-down is necessary. Also highlight-
ed are specialized turbine inspection kits for most
engines, blending borescopes, scopes with channels
and working tools, video systems, light sources, and
accessories. Machida, Inc., 40 Ramland Rd. S.,
Orangeburg, NY 10962; Tel: 914-365-0600 or 800-
431-5420; Fax: 914-365-0620.

Machida, Inc.
For More Information Circle No. 622

| mAcHion |
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IMAGINATION
SYSTEMS’
HYPERKERNEL

Hyperkernel is the first prod-
uct that enables software
developers to implement
real-time system applications
that execute with Windows NT. With Hyperkernel,
software developers can integrate highly determinis-
tic real-time application programs into Microsoft's
Windows NT OS. Hyperkernel enables devices such
as robots, process controllers, and machine control
systems to be configured as application servers on
any standard network system. Imagination Systems
Inc., 5752 Princess Anne Rd., Virginia Beach, VA
23462; Tel: 800-331-2565 or 804-497-8200; Fax: 804-
497-2062; http:/ /www.imagination.com

Imagination Systems Inc.
For More Information Circle No. 623

NEMATRON'’S
PENTIUM PRO
1ICC-7000

The ICC-7000 features a
14-inch color TFT display
with higher resolution of
1024 x 768 pixels (XGA).
Features include: Integrated CD-ROM; Removable
hard drive for easy replacement or software
upgrades; Hard drive capabilities of up to 6 GB; 512
MB RAM; Choice of 100, 185, 166, or 200 MHz Intel
Pentium processors; 200 MHz Intel Pentium Pro
processor; Industrial network cards pre-installed;
Windows NT OS pre-loaded. Nematron Corporation,
5840 Interface Dr., Ann Arbor, MI 48103; Tel: 313-994-
0501; Fax: 313-994-8074.

Nematron Corporation
For More Information Circle No. 624

SMI ADDS
NEW CON-
VOLVER TO
FAMILY OF
LSIS

A new 40-MHz con-
volver introduced by

Sumitomo Metals
(SMI) allows 8- or 16-bit data and coefficients.
Dynamic access to the 50 internal multipliers lets
SMI’s new IP90C27 convolver to handle a variety of
kernel shapes and sizes ranging from 7x7 to a lin-
ear 1x50. Multiple C27 convolvers can be cascaded
to expand kernel size. For technical specs, contact
Sumitomo Metals; Tel: 800-392-4447.

Sumitomo Metals
For More Information Circle No. 625

DESIGNED FOR
SUCCESS

The Item Products
Modular Construction
System is perfect for
building in the aero-
space industry. Design

and build racks, enclo-
sures, guards, frames,
machine bases, proto-
type structures, or
almost any application.
Our 3D Design soft-
ware saves time. Call today for your free copy or a
catalog. Item Products, Inc.; Tel: 800-333-4932; Fax:
281-893-4836.

Item Products, Inc.

For More Information Circle No. 626

NASA USES
QUATECH'S
PCMCIA SERIAL
HOW ABOUT

YOu?

Quatech’s DSP-200/300 is part of the Ground Test
Equipment at NASA’s Johnson Space Center. The
dual-port RS-422/485 serial adapter is used to per-
form verification testing on GPS receivers. Whatever
your application, Quatech can provide the solution.
Our serial PCMCIA adapters are available for RS-
232 & RS-422/485 with 1, 2, or 4 ports. Quatech,
Inc.; Tel: 800-553-1170; http:/ /www.quatech.com

Quatech, Inc.

For More Information Circle No. 627

RUGGED
““| MINIATURE
SWITCH

The Series 70 is an
environmentally
rugged line of light-
ed and unlighted
switches. Wet, dusty
or oily duty. DPDT
MOM or ALT switch
actions. Mounts on 0.700” centers with 0.880"
depth. Lighted pushbuttons use T-1 MFB lamps.
Variety of display types, colors, and styles.
StacoSwitch, 1139 Baker St., Costa Mesa, CA 92627;
Tel: 714-549-3041; Fax: 714-549-0930.

StacoSwitch

For More Information Circle No. 628

Now you can subscribe to

Technology Today

the exciting new teaching tool
for educators and parents

NASA Technology Today’s mission is to share
the excitement, adventure, and knowledge
of NASA's work with teachers and parents for
use in the classroom and home. Each full-
color, illustrated edition will be your guide
inside NASA, spotlighting the agency’s major
missions, launches, science projects, discover-
ies, and technology breakthroughs — with
suggested activities for students. Plus, you'll
learn where and how to take advantage of
NASA educational resources, including spe-
cial Internet sites, software, videos, and
more.

Subscribe for a full year for the charter rate
of $17.95, or $29.95 for 2 years. Addi-
tional copies (addressed to same subscriber)
are only $1.00 each ($6.00 additional per
year).

Published in cooperation with NASA and
the International Technology Education
Association.

Please enter my subscription to NASA
Technology Today for: Q one year (six issues)
at $17.95 O two years at $29.95.

Q| also want to receive ____ additional
copies of each issue, at $1.00 per copy x 6
for the subscription year (eg. — $12.00 for 2
extra copies of each issue)

Total: §

0 check enclosed (payable to Associated
Business Publications Intl.)

Q VISA
0 MasterCard

Q charge my:

Card No.
Exp. Date
Signature

Name

Organization
Address
City/St/Zip
Phone No.
Fax No.

Mail to: Associated Business Publications
Intl., 317 Madison Avenue, New York, NY
10017, or fax credit card orders to: (212)
986-7864.

NASA Tech Briefs, November 1997
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TECH BRIEFS

Holographic Acoustic
Microscopy for
Microelectronics

Novel Heat
Sink for Harsh
Environments

New Electronics Product
— see page 14




It You Think Omron Only Makes Relays
Read Between Our Lines.

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.

For More Information Circle No. 457
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ELECTRONICS
TECH BRIEFS

4a Advanced Electromagnetic
Probes for Characterizing
Materials

8a Interconnect Structures with
Interfaces to Relieve Stress

8a Holographic Acoustic
Microscopy for
Microelectronics

11a Heat Sink Converts VME
Boards for Harsh
Environments

12a Thin Films by Jet Vapor

Deposition

FEATURE

2a Vote for 1997 Electronics
Product of the Year

On the cover:

IRC Corp. of Corpus Christi, TX, has
added the MAR40/42 Series to its preci-
sion resistor line. Calling the Series “the
ultimate in precision metal film resis-
tors,” the company puts resistive toler-
ances at £0.005 percent and tempera-
ture coefficient of resistance at =2
ppm/C. For more information, see
“New Products,” page 14a.

November 1997

Increasingly industries
such as aerospace, trans-
portation, manufacturing,
and oil exploration are
demanding VME-based
systems that can be easily
and cheaply optimized for
harsh environments. A
team assembled by
Thomson-CSF, including
engineers from CETIA, the
company’s high-perfor-
mance VME board sub-
sidiary, developed the
Ruggedizer® heat sink,
seen at left mounted on

a board, that allows
commercial off-the-shelf
designs to be upgraded to
rugged specifications with

an add-on technology.
For more information,
see the brief on

page 11a.

A Star In Havsh Envivenments

Like the wondrous sea creatures that have
evolved 1o protect themselves from the pounding
waves, BaLSHiELD EMI gaskets emerge among
the overabundance of EMI shielding products to
offer the most effective long-term protection from
the errant waves of EMI.

In the most life-threatening environments - aero-
space, defense, communications and medical
electronics - the EMI gasket plays a crucial role in
the preservation of critical electronic equipment.
The patented BALSHIELD EMI gasket shows
uncommon resilience and adaptability under the
most forbidding conditions.

call 1-800-366-1006 (o receive

a BALSHIELD catalog and test reports.

© 1997 Bal Seal Eng. Co., Inc.

Its canted-coil design is also accountable for
the BaLSHiELD gaskets excellent shielding
effectiveness.

Other EMI gaskets wither in the most relentless
climates. They lose flexibility due to compres-
sion set or thermal cycling. The BALSHIELD
gasket is able to counteract compression over
time because of the high deflection created by
its resilient canted coils.

The BaLSHiELD EMI gasket is a true star in the
sea of shielding products.

BAL SEAL
ENGINEERING
COMPANY, INC.

620 WEST WARNER AVE.

SANTA ANA, CA 92707
714-557-5192 « FAX: 714-241-01785

For More Information Circle No. 451



Cast Your Vote for

Electronics

TECH BRIEFS
First Annual Product of the Year Award

Beginning in May, each issue of the Electronics Tech Briefs
supplement to NASA Tech Briefs carried a Product of
the Month—an electronics product the editors felt was of spe-
cial interest and value to readers who work with electronics.
This month Electronics Tech Briefs readers are invited to vote
for the one product you deem the standout among the four
described below. The product garnering the most votes will

be named the 1997 Electronics Tech Briefs Product of the Year.

Please read the descriptions below of the Products of the Month,
and choose the ONE you feel should receive the Product of the Year
award. On the ballot below please clearly indicate your choice in the
appropriate box, and fax or mail the completed ballot to reach the
editors by January 15, 1998. The Electronics Tech Briefs Product of
the Year will be announced in the March 1998 issue.

MAY: Visual PCB Assembly Inspection System
GenRad Inc., Concord, MA, offers the Viper
Visual Inspection System, designed to provide
a cost-effective solution for detecting and pre-
venting defects in the component-placement
process for printed circuit board (PCB) assem-
bly. Targeted at PCB manufacturers who are
placing tens of thousands of components per hour, the sys-
tem employs line scanning and a shape-based approach. It
provides a full suite of techniques for detection of device
presence or absence on components as small as 0.04 by 0.02
in., device orientation, and x/y and rotational position of
every board component. Boards as large as 14 X 18 in. can
be inspected for all component placement defects.

™ JULY: Desktop Electronic Design & Analysis
MicroSim Corp., Irvine, CA, introduces
Release 8, which it calls a tightly integrated
start-to-finish desktop electronic design
automation (EDA) system for mixed ana-
log/digital designs. The company points to two new features
as innovative: Design Journal™ and Design Manager. The
first enables engineers to mark checkpoints at key cross-
roads, try alternative design directions, compare the results
of all the alternative choices on a single graph, then pro-
ceed with the best option. Design Manager functions as an
automatic organizer, linking together all files, even non-EDA
documents and references to outside definitions, associated
with the design into a single, self-contained entity. Symbols
from Models, another key feature, allows engineers to down-
load simulation models published by manufacturers on the
Internet, and the system will create symbols for the models
automatically in minutes.

SEPTEMBER: Software/Platform for
Semiconductor Inspection

Cognex, Natick, MA, introduces the 8000
Series™, a new machine vision platform that
incorporates its new PatMax™ software and
plugs directly into the PCI bus of standard Pentium MMX™
computers. The series includes a range of products from the
low-cost 8100 to the 8400, which incorporates a digital signal
processor that enables operation up to 10 times faster than
current Cognex products. The company also says that
PatMax-equipped systems will locate and precisely align the
new 300-mm generation of wafers before probing, metrology,
inspection, and bonding. And because PatMax can accurately
locate wafer and die patterns despite variances introduced by

2a www.nasatech.com

chemical mechanical processing and other processing steps,
it will help manufacturers improve their wafer alignment
yield. It will also improve yield by increasing speed and accu-
racy on production machines, including surface-mount-device
pick and place equipment.

NOVEMBER: “Smart Power” Pulse Width
Modulation Device

SGS-Thomson Microelectronics, Lincoln,
MA, calls its new VIPer100 a unique
monolithic combination of a state-of-the-
art current-mode pulse width modulation (PWM) circuit and
an optimized avalanche energy-rated high-voltage vertical
power MOSFET. The company says the device is the first in a
family of intelligent-power ICs being developed for switched-
mode power supply applications. Key features include auto-
matic burst-mode operation in standby condition, program-
mable switching frequency up to 200 kHz, and an inherent
current limit of up to 3 A. The company says the device can
deliver up to 100 W of output power while using more than
50 percent fewer components than a discrete solution.

1997 Electronics Tech Briefs
PRODUCT OF THE YEAR BALLOT
Indicate your choice by clearly marking the appropriate box.
Fax or mail your completed ballot to Robert Clark, Senior
Editor, Electronics Tech Briefs, 317 Madison Avenue, Suite
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The new self-clinching PEM® R'ANGLE™ clinch fastener pro-

vides a strong right angle attachment point in aluminum Replaces: Benefits:

sheets as thin as .040" /1 mm. It's held permanently in the y ]
sheet or panel using the same, high-performance, self- edge tabs more predictable designs
clinching technology that our products have employed center tabs material cost savings
since 1942. flanges tighter design control
Attachment to the R’ANGLE fastener is made with a self- angle brackets improved RFI/EFI shielding
piloting, thread forming screw which makes it ideal for a tack welds LESS hardware

variety of applications including electrical and electronic loose hardware fewer assembly steps
assemblies where metal chips cannot be tolerated. clean, unmarred panel surfaces
Available in 4-40, 6-32, M3 & M4 sizes

Penn Engineering & Manufacturing Corp.
For a complete PEM"calalog, call:

Come See Us At Wescon
Booth #2621

Clinch it with PEM
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Advanced Electromagnetic Probes for Characterizing Materials
Properties of materials and thicknesses of subsurface layers can be measured nondestructively.
Goddard Space Flight Center, Greenbelt, Maryland

Two types of advanced electromag-
netic sensors that operate in quasistatic
spatial modes have been developed for
use in nondestructive characterization
of materials in surface and subsurface
layers and for determining the thick-
nesses of the layers. Because the sen-
sors are thin and flexible, they conform
readily to curved surfaces, making it
possible to inspect complexly shaped
specimens (see Figure 1) that could
include regions that would otherwise
be accessible only with difficulty. The
sensor outputs can be

The sensors of the other type, called
“inter-digital electrode dielectrome-
ters” (IDEDs) enable the use of elec-
tric fields to measure the permittivities
and the small residual conductivities of
materials that are regarded as electri-
cal insulators. Each IDED includes two
electrodes laid out as interdigitated
fingers on a polyimide substrate. While
one electrode (the driving electrode)
is excited with a known sinusoidal volt-
age at a prescribed frequency, the volt-
age on the other electrode (the sens-

analyzed according to
continuum mathemat-
ical models of the
interactions between
the sensor electromag-
netic fields and the
layered media to ob-
tain repeatable quan-
titative measures of
such physical and geo-
metric properties as
electrical conductivity,
permeability, porosity,

roughness, coating
thickness, residual
stress, and surface
flaws.

The sensors of one
type, called “mean-
dering-winding mag-
netometers” (MWMs),
can be used as either

(1) eddy-current sen-
sors to measure elec-
trical properties of
conductive materials or (2) magnetic
sensors to measure magnetic proper-
ties of conductive or nonconductive
materials. Each MWM includes a pri-
mary (driver) winding that meanders
(in a plane, except, of course, when
the sensor is bent to conform to a sur-
face). Secondary (sensing) windings
meander along the primary winding
on both sides (see Figure 2). The pri-
mary winding is driven by a known
input current at a prescribed frequen-
cy. The voltage at the terminals of the
secondary windings is measured and
used to determine the magnitude and
phase of an impedance that is defined
as the ratio between the secondary
voltage and the primary current. The
magnitude and phase of this imped-
ance yield information about the mag-
netic and conductive media penetrat-
ed by the applied magnetic field.
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Figure 1. A Probe Containing an MWM can be used to inspect a spec-
imen with a concave, convex, conical, or flat surface.

ing electrode) is measured. The phase
shift and the ratio between the ampli-
tudes of voltages on the two electrodes
provide information about the dielec-
tric materials penetrated by the
applied electric field.

The depth of penetration of the
electric field of an IDED depends only
on the electrode spacing. Multiple
IDEDs with different electrode spac-
ings for different depths of penetra-
tion can be used to characterize dielec-
tric properties and changes in those
properties as functions of depth, even
for such heterogeneous materials as
composites.

Given (1) the geometries of MWM
windings and IDED electrodes, (2) the
driving frequencies, (3) the properties
and dimensions of specimens, and (4)
the MWM and IDED mathematical
models, one can generate lookup
tables, called “measurement grids,” for
calibration of sensor outputs.
Measurement grids can be used to con-
vert sensor outputs directly into esti-
mates of layer thicknesses and electro-
magnetic properties. Layer thicknesses
can include, for example, thicknesses
of surface coatings, thicknesses of air
gaps between metallic layers, and lift-
off distances between sensors and spec-
imen surfaces.

Applications of MWMs and IDEDs
include the following:
® Characterization of coatings on met-

als, ceramics, and composites;

* Monitoring for fatigue, corrosion,

Primary
Winding

}

Input Current

Secondary
| Windings

Figure 2. The Conductors of an MWM act as primary and secondary windings of a transformer, the
magnetic field of which penetrates the specimen on which it is placed.
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WEVE ONLY
JUST BEGUN.

A few short months ago, two became
one to provide the widest range of data
acquisition and recording systems in the

industry. Racal Recorders, Inc. and

Josef Heim KG, now known as Racal-Heim,
combined our engineering expertise and
product lines to ensure the perfect solution
to your data acquisition requirements. So

now, regardless of the type of recording
requirement you have, we've got the
system for you. And Racal-Heim will soon
be introducing several new products to

meet the ever changing needs of industry.
After all, when it comes to being the world
leader in data acquisition and recording
systems — we've only just begun.
For information on Racal-Heim products,
call 800-847-1226.

RIAICAL]

Communicating through technology

RACAL RECORDERS INC.,
15375 Barranca Parkway, Suite H-101, Irvine, CA 92618 USA
Tel: 714.7273444 - 800.847.1226 Fax: 714.7271774
E-Mail: recorders@usa.racal.com
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Motorola chips. Motorola semiconductors are the vehicles that accelerate the enthusiasm of automotive engineers
worldwide. And it’s this type of enthusiasm that transfers directly into applications integral to today’s cars. Providing
drivers with huxuries like dlimate control, as well as safeguards like antilock brakes. From the Automotive Industry
to Consumer Electronics, Motorola products power the innovative solutions that enable your success.
Visit us at http://motorola.com/sps or call 1-800-521-6274 (Ref. #197).
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and thermal damage indicative of
deterioration with age;

* Process monitoring to detect plastic
deformation (e.g., as a result of shot
peening), porosity, and heat-affected
zones;

* Noncontact measurement of temper-
ature in regions to which access
would otherwise be difficult;

* Detection and measurement of sizes
of cracks; and

* Measurement of anisotropy of select-

ed properties of heterogeneous

materials under bidirectional loads.

Thickness measurements have been
demonstrated on a variety of inter-
metallic and ceramic coatings, includ-
ing a nickel/aluminum alloy on alu-
minum substrates and zirconia/yttria
on 304 stainless-steel substrates.
Potential uses of MWMs and IDEDs
include inspection of turbine blades,
reactor tubes, airframe structural com-
ponents, and other critical compo-

nents in the aerospace and power-gen-
eration industries.

This work was done by Neil J. Goldfine of
JENTEK Sensors, Inc., for Goddard
Space Flight Center. For further infor-
mation, access the Technical Support
Package (TSP) free on-line at www.
nasatech.com under the Physical Sciences
category, or circle no. 176 on the TSP
Onrder card in this issue to receive a copy by
mail ($5 charge).

GSC-13878

Interconnect Structures with Interfaces to Relieve Stresses

Semiconductor interconnect structures have patterned interfaces to
minimize stress migration and related damage.

Cornell University, Ithaca, New York

An interconnect structure for semi-
conductors utilizes patterned interfaces
to relieve stress in integrated circuit
metallization by alternatively providing
areas of good adhesion and poor adhe-
sion between the metallization and sur-
rounding layers. Good adhesion
between the metal interconnects and
the surrounding passivation or insula-
tor layers is important to maintain struc-
tural integrity and facilitate the fabrica-
tion of the interconnect structure, and
for good thermal contact to dissipate
heat. However, adhesion of metal to
these layers, which have inherently
much lower coefficients of thermal
expansion, will induce stresses, both
tensile and compressive, as thermal
cycling occurs. Large tensile stresses
tend to induce voids in the metal, which
increases line resistance or can even
sever the interconnect. Large compres-
sive stresses induce hillocks, which tend
to fracture the surrounding passivation
layer and cause short circuits.

By the method of this invention, the
surface of the integrated circuit is selec-

tively patterned with material that has
poor adhesion to metal, prior to the
deposition of the metallization. The
metallization deposited over this mater-
ial will not adhere to it, providing stress
relief. Between the patterned areas, the
metallization will adhere tightly to the
underlying layer, providing structural
integrity and thermal contact. Similarly,
nonadhering areas are patterned over
the interconnect prior to deposition of
the covering passivation layer to relieve
stresses along that interface.

The invention does not require the
use of unconventional materials or
processes. Several choices of materials
exist for the creation of the nonadher-
ing areas. For example, a thin interlayer
of material can be deposited and its sur-
face treated to make it nonadhering to
the next layer. Alternatively, the sur-
faces of the passivation layers interfac-
ing with a metallization may be modi-
fied by ion implantation to make them
nonadhering. Interlayer materials may
consist of polyimide or photoimagable
polyimide, which is cured prior to the

deposition of the next layer. Other
materials, such as polymers, metals,
semiconductors, and inorganic insula-
tors such as ceramics or glasses may also
be used.

The continued miniaturization of
integrated circuits has necessitated a
corresponding reduction in the size of
metal interconnect. The fineness of the
interconnect structures coupled with
the increased packing density and
power consumption has made them
more susceptible to defects induced by
stress due to thermal cycling. This
invention provides a simple solution to
the problem without requiring new
equipment or expensive materials.

This work was done by Che-Yu Li at
Cornell University. For more information
call Robert F. Schleelein, Technology
Marketing and Licensing Specialist, Cornell
Research Foundation Inc., 20 Thornwood
Drive, Suite 105, Ithaca, NY 14850; (607)
257-1081; fax (607) 257-1015; E-mail:
rfs4@cornell.edu; http://www.research.
cornell.edu/crf.

Holographic Acoustic Microscopy for Microelectronics

Acoustic diffraction and interference would be exploited to image features
inside complex microelectronics.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Holographic acoustic microscopy
(HAM) has been proposed as a method
for inspection and analysis of dense
microelectronic circuits. Whereas pre-
vious developments in acoustic
microscopy have yielded a capability
for generating two-dimensional images
the proposed development would

8a

result in the generation of three-
dimensional images, in which one
could see features that previously
would have been hidden by other fea-
tures that cast acoustic shadows. For
example, HAM could yield detailed
images of cracks.

HAM would involve adaptation of

www.nasatech.com

concepts and techniques from both
three-dimensional optical holography
and scanning laser acoustic microscopy
(SLAM). The imaging wavefronts
would be generated according to the
principles of optical holography,
except that phonons would be used
instead of photons, and the wavefront
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; SONY.
The world’s most

advanced data recorders?
(AIl DAT and more, SIR.)

Who but Sony could pack speed, range, density,
features, and above all, portability, in such small packages.
But rugged enough for the toughest field jobs. With
multiple power capability: AC, DC, and battery. And, they
perform, with individual per channel A/D conversion and 16 bit
linear quantization for exceptional data resolution and
high dynamic range (80dB or greater). Exceptional data with
interchannel phase error of less than 1°. Choose the DAT or
even higher capacity SIR series. It's just a matter of how many
channels and how much data you require.

DAT PC200Ax Series AIT SIR-1000

¢ Up to 20 kHz analog bandwidth * 20 kHz analog bandwidth per channel on 16
(100 kHz/PCHB244). or 32 channels (up to 256 channels at 5 kHz).
* Up to 3 Mbps digital bit stream recording * Digital bit stream recording to 24 Mbps.
(mix analog and digital channels on the ;
PCHB244). ¢ The new Sony AIT (Advanced Intelligent Tape)

and drive stores 25 Gbytes.

Up to 32 hours recording duration per
data cartridge.

Variable speed record and playback
minimizes data reduction time.

== * Triggered recording with pre-
trigger, re-write error correction,
standard voice and IRIG time code
channels, optional SCSI fast &
wide data interface.

¢ Multiple channel configurations from 2 to o
64 channels.

* A wide range of voltage inputs. ”
* Up to 6 hours of data storage (4 Gbytes).

* Complete computer integration
for remote control.

¢ Supports Data Transfer from
most DAT tapes.

PCscan™ MKII written in Windows® 95/NT 32-bit
code controls a high perf AD ter,
up to 4 Gbyte of analog storage, high speed
search, real-tme wave monitoring, and tape data
format conversion. That means improved data
measurement. And dat’s DAT.

|

Sony Precision Technology Inc.

Toyo Building, 9-17, Nishigotanda 3-chome,

Shinagawa-ku, Tokyo, 141 Japan
Phone: +81 (3) 3490-3943
Fax: +81 (3) 3490-4674

Sony Precision Technology America, Inc.

137 West Bristol Lane
Orange, CA 92865 USA
Phone: (714) 921-0630
Fax: (714) 921-1162

http://www.sonypt.co.jp
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Sony Precision Technology Europe GmbH
Stuttgarter Strasse 106

D-70736 Fellbach, Germany

Phone: +49 (711) 5858-253

Fax: +49 (711) 580715



5 slots with
MMX Technology

IN Lite Industrial Notebook
® | FullLength/Height AT Expansion Slot,
2 Type Il (or 1 Type IIl) PCMCIA Slots.
® |nfel 166MHz Pentium Processor with
MMX Technology. Up to 64MB DRAM.
© Dyal Builtin Power Supplies,
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© Meets MitSpec.

IP Lite Industrial Portable
o 5 AT/PC1 Slots, 3 Full, 2 HalfLength.

© |ntel 200MHz Pentiumm Processor with
MMX Technology. Up fo 128MB DRAM.

Weather Proof, Ruggedized,
Portable Industrial PCs

Both Portables Feature:
© Full Magnesium Die-Cast Casing.
© Shock/Vibration and EMI/EMC Protection.
© 10.4" TFT VGA or 12.1" XVGA

(1024 x 768) Color Displays.
© 3 Year Warranty, CE Approval.

Call 1-800-KONTRON
800-566-8766 ¢ 714-851-1872
http://www.kontron.com
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Make Your Own Prototype Circuit Boards

* Five models available to meet your application

* Compare our easy to operate software

* Input Gerber, Excellon, dxf or HPGL files

* 60,000 rpm available for fine geometries

» Automated thru-hole plating process

e One year warranty. Ask about our support team.

For more details, view our Web site: hitp://www.Ipkfcadcam.com

Call Today 1-800-345-5753
Fax: (503) 643-3662

Email: LPKF@northwest.com SYSTEMS, INC.
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information would be recorded by use of modified SLAM
transducers and a modified SLAM imaging system instead of
a photographic plate.

The figure illustrates one of several alternative HAM setups.
The microelectronic device or other object to be examined
would be suspended in a liquid couplant — typically, water.
Two acoustic transducers would be excited at the same fre-
quency and in coherent in phase. One acoustic transducer
would launch a reference acoustic signal, analogous to a ref-
erence beam in optical holography; this signal would not go
through the object, but would pass unhindered to the surface
of the water, where it would give rise to ripples. The other
transducer would launch an acoustic signal that would pass
through and be diffracted by the object on its way to the sur-
face, giving rise to a second ripple pattern superimposed on
the first one. The net ripple pattern would constitute the
hologram.
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In Holographic Acoustic Microscopy, sound waves diffracted on passage
through the object would interfere with sound waves that did not pass
through the object, producing a hologram in the form of a ripple pattern
on the surface of the water.

A laser beam amplitude-modulated at the acoustic fre-
quency would be rastered across the hologram and the light
diffracted by the hologram would be detected by an optical
pickup device. If the laser light were amplitude-modulated
and optically manipulated such that the complex amplitude
of its modulation at each point along the raster were pro-
portional to the complex conjugate of the complex ampli-
tude of the reference acoustic signal at that point, then the
amplitude of the light diffracted by the hologram at that
point would be proportional to the acoustic signal diffracted
by the object and reaching that point. Alternatively, optical
reconstruction could be effected in real time by use of reflec-
tion of coherent light from the surface of the water.

This work was done by John D. Olivas of Caltech for NASA’s Jet
Propulsion Laboratory. For further information, access the
Technical Support Package (TSP) free on-line at www.nasatech.com
under the Physical Sciences category, or circle no. 177 on the TSP
Order card in this issue to receive a copy by mail (35 charge).
NPO-20118
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Heat Sink Converts VME Boards for Harsh Environments

Innovative design renders commercial off-the-shelf boards rugged.
CETIA Inc., Cambridge, Massachusetts

An increasing number of industries
such as aerospace, transportation, manu-
facturing, and oil exploration are
demanding VME-based systems that can
be optimized in harsh environments with-
out excessive increases in cost or time to
deployment. Historically, ruggedized sys-
tems were often derived from commercial
off-theshelf (COTS) designs by screening
components for wider operating ranges
and redesigning boards for better cooling
and improved mechanical integrity. This
method, though an effective form of
ruggedization, required a time-consum-
ing and expensive redesign procedure.

A team assembled by Thomson-CSF,
made up of engineers from the systems
internal integration group and CETIA,
the wholly owned high-performance VME
board subsidiary, developed a solution
that has been registered as The
Ruggedizer®. While it satisfies ruggediza-
tion requirements, it can be added on at
the board level. The team set the follow-
ing criteria:
® The ruggedized board must be fully
compliant with VME specifications,
and retain its overall VME characteris-
tics, in particular occupying the same
number of physical VME slots as the
commercial-grade version,

The commercial-grade board must be
totally reused. This allowed system
integrators to deploy the most up-to-
date technology with minimum design
compromise or migration risk, and
considerably reduced cost and time to
deployment.

To retain the full use of the base com-
mercial-grade product, all enhance-
ments must be added on as late as possi-
ble in the manufacturing process. In
addition, any add-on enhancement
must be removable to ensure access for
maintenance and repair.

To deploy the resulting rugged board in
multiple programs, it must be manufac-
tured at a low cost and in high volumes.
This could only be achieved if standard
manufacturing and support processes
and practices are used.

The enhancement must extend the
operational characteristics of the board.
In particular, significant increases must
be achieved in mechanical and thermal
ranges of operation. Additionally,
rugged specifications must be satisfied
for other environmental conditions.

By adopting an add-on approach, the
ruggedization technique must achieve
substantial cost and schedule improve-
ments over previous methods.
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To meet these criteria, the team devel-
oped a board-level heat sink designed to
lower the overall operating temperature
of the board substantially in harsh envi-
ronments. This solution achieves maxi-
mum heat dissipation by minimizing the
space between each component and the
heat sink, accomplished with a technique
that exactly matches the heat sink to
each design's components. The system
allows commercial boards to be upgrad-
ed to rugged specifications with an add-
on technology that can be attached
under standard manufacturing practices.

To achieve the tight mechanical cou-
pling between the heat sink and a
board’s components, data from a patent-
ed 3-D laser scan technique reproduces a

The CETIA Ruggedizer mounted on a circuit
board.

precision-milled aluminum negative
“image” of the board’s entire top-side
topology. The exposed top part of the
heat sink features convention fins for dis-
sipating heat into the system, but is
designed to avoid protruding into an
adjacent VME slot. The Ruggedizer is
attached directly to the VME board using
its existing VME connector and front-
panel mounting holes, improving stiff-
ness and vibration resistance without
stealing precious board real estate.

The mechanical design of the heat
sink leaves a minute clearance between
the Ruggedizer and the board compo-
nents. Heat conduction between them
and the heat sink is enhanced via a
patented, electrically nonconductive
thermal coupling agent — a paste that is
applied directly to the board before the
heat sink is attached.

The chemical design and application
of the paste is critical to the success of

www.nasatech.com

the Ruggedizer. In addition to providing
maximum heat transfer with no electri-
cal conduction, the paste must retain its
characteristics with age, and be pliable
enough to permit differential expansion
and contraction between the board and
the heat sink. The thermal coupling
agent also facilitates standard field
repairs through its easy removal and
reapplication.

Applications that occur in such harsh
environments as to require the use of the
Ruggedizer also dictate moisture and
corrosion resistance. This is addressed by
adding conformal coating to the circuit
board before the thermal agent and the
heat sink are applied.

Although the general industry trend is
toward air-convection cooled systems, a
number of applications will still have to
operate under conditions of limited air
flow. Such systems are designed for con-
duction cooling, where boards are
cooled by conducting heat to a cold
source, generally the walls of the rack.
The Ruggedizer technology has already
been adapted in specific cases for con-
duction cooling.

The Ruggedizer acts as a temperature
equalizer, lowering operating tempera-
ture of the board's hottest regions and
routing heat to cooler spots. The overall
result is increased reliability at substan-
tially elevated operational temperatures.
Depending on the board, the operating
temperature improvement with the heat
sink attached can be up to 20 "C.
Typically, standard commercial-grade
products operating at 55 “C will operate
from -20 “C up to +70 °C when equipped
with the heat sink.

A board’s mean time between failures
(MTBF) typically deteriorates rapidly
under the physical and thermal effects of
extreme environments. Because it miti-
gates these conditions, the Ruggedizer
has a very positive effect on MTBF — as
much as doubling it.

The heat sink covers the entire face of
a board, providing mechanical protec-
tion and robustness. The “sandwich”
structure of the Ruggedizerequipped
board reduces the effects of violent
shock and vibration. In particular, the
characteristics of the aluminum mass
eliminate the most damaging resonant
frequencies.

For more information, contact Robert Negre,
vice president of research and development; E-
mail: rnegre@cetia.com; or CETIA Inc., 58
Charles St., Cambridge, MA 02141; (617)
494-0987; fax (617) 494-8786.
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Thin Films by Jet Vapor Deposition

A novel patented technique offers low-vacuum, low-cost thin film solutions.

Jet Process Corporation (JPC), New Haven, Connecticut

Jet Vapor Deposition (JVD)™, a novel low-vacuum, low-tem-
perature thin film technology based on sonic jets, has a variety
of potential applications from semiconductor device fabrica-
tion to reel-to-reel continuous coating. Unlike conventional
physical vapor deposition methods, which operate at 10° to 10*
Torr and use high-vacuum equipment, JVD operates in a pres-
sure environment of 1 Torr and uses inert gas jets to transport
depositing materials directionally to the workpiece with mini-
mum waste and at a high rate. In addition to being able to
deposit a wide variety of materials and material combinations,
~ JVD is environmentally “green,” using no toxic precursors and
generating no waste.

JVD’s key elements are the patented jet sources and motion
systems that allow uniform coating of large workpieces. These
are mounted in low-pressure deposition chambers evacuated
with mechanical pumps; no high-vacuum equipment is need-
ed. A typical jet source has a nozzle of several millimeters in
diameter. An inert gas such as Ar is supplied upstream of the
nozzle. Pumping speeds and nozzle diameters are chosen to
provide “critical flow” conditions: a ratio of nozzle pressure to
chamber pressure exceeding two. Under such conditions, gas
emerges from the nozzle at the speed of sound. Material gen-
erated in a vapor source placed near the nozzle throat
becomes entrapped in the inert gas stream and is carried
downstream to be deposited on the workpiece. Mechanisms
for vapor generation include thermal evaporation, sputtering,
and chemical decomposition. The figure is an illustration of
JVD with representative operating parameters.

The jet source makes a Gaussian-like deposit on a stationary

Switch to LUMITEXC..
the long-life, low-power
backlighting solution.

LUMITEX Fiber-Optic Panels provide unmatched
design flexibility for switch applications
« Up to 100,000 hours service life

* One LED can provide high, uniform brightness for one
or more switches

o Superior tactile response ensures positive
actuation feedback

e Costs less than EL and other lighting

For more information

or technical assistance,
contact LUMITEX
(phone: 1-800-969-5483;
fax: 216-243-8402) or
your local

LUMITEX representative.
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substrate. Relative motion is essential in JVD to uniformly
coat large substrates. Depending on the application, either
the source or the substrate, or both, can be moved. For
example, as in (b) in the figure, a moving carousel scheme
works well for small flat substrates in a batch job. With other
motion strategies, substrates as large as 12 in. X 12 in., or 12-
in. diameters, can be uniformly coated; available reel-to-reel
coating mechanisms can provide continuous coating of
metal or other substrates.

Substrate

e

Jet Vapor Source (a): vapor is generated near the nozzle exit. Carousel (b):
the combined spinning and axis motion results in uniform coverage and
permits synthesis with multiple jets.

Multiple jet sources are used to make multilayer and multi-
component films. JVD sources operate independently under
“critical flow” conditions as described above. Simple calibra-
tions result in precise thickness and composition control.

Jet Process is currently pursuing several principal applica-
tions of JVD. It offers custom metal coating services and lease
or sale of custom designed equipment for volume applications,
including reel-to-reel continuous coating; JVD’s operating
pressure range permits vastly simplified air-to-vacuum seals,
which results in continuous coating process equipment that is
lower in cost and easier to operate. JPC is also developing
materials and process equipment for next-generation semi-
conductor device fabrication. JVD’s gate-quality silicon nitride
has shown excellent dielectric properties and is a candidate
material for next-generation logic and memory chips.

For more information, contact Jet Process Corp. at (203) 777-
6000; fax: (203) 777-6007. Jet Process is interested in joint develop-
ment programs with industrial partners to address current and future
thin film and coating needs.
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Source and measure capabilities

First we doubled the function,

Model 2400 Model 2410 Model 2420

now we've tripled the choice.

Just like the original Model 2400, the two new
additions to the Keithley SourceMeter®
line combine sourcing and measurement in single,
high throughput, DC parametric test systems. The high
voltage Model 2410 and high current Model 2420
extend the range of these capabilities for high speed,
precision testing of a wider range of electrical
components, giving you a better return on investment.
In addition, you can bundle each member of the
SourceMeter family with a broad selection of compatible
accessories, including switching systems. The result
is complete, efficient, multi-point solutions
for production testing or off-line characterization.
For your free brochure, contact Keithley today.

eithleycom

KEITHLEY

1 year basic accuracy: Tt
2400 2410 2420 Max system speeds: External interface: (5'/~digit resolution) |
TR
Voltage +200V 1100V =60V Pass/fail = 500us IEEE-488 (SCPI) Volts 0.01% M g
Current  +1A/20V =1A20V £3A20V Tomemory = 500us RS-232 Amps 0.02% ‘ ¥
+100mA/200V  +20mA/1100V  =1A/60V To IEEE-488 = Ims Digital /0 Ohms 0.04% 2
Power 22W 2w 66W Range change = 13ms Component handler

Internally programmable measurement sequence up to 100 points.
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Product of the Month

“Smart Power" Pulse Width
Modulation Device

SGS-Thomson Microelectronics, Lincoln, MA, calls
its new VIPer100 a unique monolithic combination
of a state-of-the-art current-mode pulse width modu-
lation (PWM) circuit and an optimized avalanche
energy-rated high-voltage vertical power MOSFET.
The company says the device is the first in a family of
intelligent-power ICs being developed for switched-
mode power-supply applications. Key features
include automatic burst-mode operation in standby

percent fewer components than a discrete solution.

condition, programmable switching frequency up to 200 kHz, and an inherent current limit of up to
3 A. The company says the device can deliver up to 100 W of output power while using more than 50

For More Information Circle No. 795

Power MOSFETs for
DC/DC Converters

The FDP7030L  and
FDB7030L 30-V power
MOSFETs from Fairchild
Semiconductor, Santa Clara, CA, are designed for
dedicated DC/DC converters in desktop PCs,
servers, and systems that use such microprocessors as
those by Intel, AMD, Hewlett Packard, Digital
Equipment, Sun Micro Systems, and others. The
logic-level N-channel devices have 30-V breakdown
voltage and 7-mOhm resistance (DS (on)), opti-
mized for 25-40-W processor power supplies.
Fairchild says their high-power TO-220 and TO-263
packaging maximizes current handling capability
and simplifies thermal management. Prices begin at
$1.55 in 10,000-unit quantities.
For More Information Circle No. 797

Hybrid Pulse Width
Modulation Amps

AN ANA

,@: — Apex Microtechnology Corp.,
tj Tucson, AZ, adds a pair of full H-
bridge models to its hybrid pulse
width modulation (PWM) amplifier line that extend
its supply range and current output performance by
a factor of 2. The SA03 has 30 A continuous output
and the SA04 20 A; the SA03's supply range is 16-100
V, while the SA04 extends that to 16-200 V. As a result
of these higher power and voltage capabilities, the
SA03 is capable of power delivery levels up to 3000 W
and the SA04 of up to 4000 W. On both an internal
oscillator supplies a 22-kHz switching frequency,
requiring no external components. They are housed
in a 12-pin hermetic power package occupying just 3
square inches of board space.
For More Information Circle No. 800

Disk Flatness Inspection
System

Veeco Process Metrology Group,
Tucson, AZ, announces what it
calls the first automated inspec-
tion system for data storage
disks that improves process con-
trol by making two-sided flatness and parallelism
measurements in a single pass. The WYKO DT4™
Disk Flatness Inspection System is a noncontact
instrument built for manufacturing environments
and can be used for inspection at any point in the
process flow after the polish stage. A 1.06-micron
laser measures global flatness of a disk with runout to
18.6 microns across one radius. The company says
that the system provides fast throughput of up to 4.5
seconds per disk side, or 380 disks per hour.

For More Information Circle No. 798

SMT Board-to-
Board Connectors

Elco Corp., Myrtle
Beach, SC, has ex-
panded its line of
Super Microleaf 0.5-
mm-pitch surface mount technology (SMT) board-
to-board connectors up to 140 positions. Designated
the 5087 series, the connectors feature board stack-
ing heights as low as 2 mm for portable devices
where space and weight are critical design factors.
The Microleaf 5087 series connectors are available in
tape-and-reel packaging and are designed with a
redundant shrouded insulator that provides
mechanical stability to meet the shock and vibration
requirements of today's cellular phones, PDAs,
pagers, and other portable electronic equipment.
For More Information Circle No. 801

Gantry Platform for
Sorting and Testing

Anorad Corp., Hauppauge,
NY, introduces the G5300-
VIP gantry platform, de-
signed for use in the hard-
drive and microelectronics
industries. The machine pro-
vides 250 x 400 x 50-mm x
360° X-Y-Z-theta motion.
Requiring only 24 in. by 36
in. of floor space, the G5300-VIP system can operate
as a stand-alone machine or as a process cell inte-
grated with inine material transfer equipment.
Typical sorting applications utilize the system's opti-
cal character recognition capabilities for reading
small characters scribed on the component's edge.
For More Information Circle No. 803

14a

Liquid Photoimageable
Covercoats

Rogers Corp., Rogers, CT, intro-
duces R/flex® 8080 LP liquid
photoimageable covercoats, a
line of materials designed for
applications such as hard-disk
drives and chip packaging where
fine pattern resolution, moisture resistance, and
creasability are important. The company says that
the combination of an R/flex 8080 LP covercoat and
an R/flex flexible circuit material can produce a
high-resolution flexible circuit that withstands envi-
ronmental rigors. All of the covercoat products are
resistant to plating chemistries, and have high adhe-
sion, heat resistance, and electrical insulation prop-
erties, Rogers says.
For More Information Circle No. 804
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Multimeter with
Adjustable Display

The new digital multimeter from
Extech Instruments Corp., Wal-
tham, MA, has a large LCD display
that is adjustable over a wide view-
ing angle. Readings appear in a
large 25-mm, 3-1/2-digit format.
The multimeter measures DC volt-
age up to 1000 V with an accuracy of +0.5 percent, AC
voltage up to 750 V, AC and DC current, resistance,
capacitance, and temperature selectable in degrees
Fahrenheit or degrees Centigrade. Both diodes and
transistors can be tested, and features include color-
coded input terminals and auto poweroff. The
instrument comes with test leads, temperature probe,
rugged heavy-duty drop-proof case, and a 9-V battery.
For More Information Circle No. 796

Metal Film Resistors

IRC Inc., Corpus Christi,
TX, has expanded its pre-
cision resistor product
line with three metal film
types. The RC
offers resistive tolerances
down to #0.05 percent
and temperature coefficient of resistance (TCR) as
low as +5 ppm/°C. It is packaged as an epoxy-coated
axial leaded device. The CAR series has tolerances
down to £0.01 percent and TCRs of +5 ppm/°C. It is
also packaged as an epoxy-coated axial leaded
device. The MAR40/42 series features tolerances
down to £0.005 percent and TCRs of +2 ppm/°C, in
values from 10 ohms to 1 megohms. It is a molded
radial leaded device.
For More Information Circle No. 799

series

Single-Output
DC/DC Converters
The new 16-20-W sin-
gle-output A-Series
DC/DC converters
- from Datel Inc.,
Mansfield, MA, are designed to meet the long-term
reliability and low-cost requirements of such applica-
tions as telecomm, computer networking, and data-
comm. Available output voltages for the A-Series are
3.3, 5, 12, and 15 V; input voltages are Datel's stan-
dard 4-1 range, including 18-72 V (48 V nominal) for
the D48 model and 9-36 V (24 V nominal) for the
D12 model. Total available output power ranges
from 16 W for the 3.3-V models to 20 W for the 5-V
models. All are subjected to the Highly Accelerated
Life Test before release.
For More Information Circle No. 802

Power
Modules/
Current
Boosters

g Power Trends,
Warrenville, IL, releases its series of 18-A, +5-V-to-
+3.3-V power modules and current boosters. The
PT7705, called the “Big Hammer,” is designed to
supply low-voltage power to any of the new current-
hungry megaprocessors and to work in parallel with
one or more PT7749 current boosters; when added
to two PT7749s, output current can be boosted to 54
A. Both devices are available in flexible 27-pin SIP
packages that include vertical and horizontal
through-hole and surface-mount pin-outs. In quanti-
ties of 1000, price for the PT7705 is $29.50 each and
for the PT7749 $27.50 each.
For More Information Circle No. 805
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Computer Software

Simulates Views
From Simulated Flights
Over Terrain

The Surveyor computer program gener-
ates images of terrain of the Earth and
other planets as would be seen during sim-
ulated flights over the terrain. Some previ-
ously developed programs offer some of
the same capabilities, but none can handle
the large data sets that Surveyor can han-
dle. Surveyor accepts elevation and sur-
facefeature-texture data acquired by
remote sensing during previous real flights
over a given terrain, then processes the
data to simulate the evolving view from a
simulated flightpath. Surveyor provides a
user interface for building simulated flight-
paths; the user generates such a trajectory
interactively, with the help of a realtime
rendering capability that enables preview-
ing. Once the flightpath has been generat-
ed, Surveyor generates sequential frames
of data representing high-quality anima-
tion images that can be made to have vari-
ous resolutions suitable for various film
and video formats. Surveyor has been exe-
cuted on a Silicon Graphics workstation
with 256 MB of random-access memory, a
9-GB hard drive, and a 20-in. (51-cm) mon-
itor. It can also be run on Sun workstations
using the SunOS operating system.

This program was written by Zareh Gorjian,
Steve Watson, Dave Kagels, Paul Asmay, Dan
Stanfill, Bena Currin, and Gigi Yates of Caltech
for NASA’s Jet Propulsion Laboratory. No
further documentation is available.

This software is available for commercial
licensing. Please contact Don Hart of the
California Institute of Technology at (818) 393-
3425. Refer to NPO-20043.

¢» Software Simulates

Observations by a

Spaceborne Camera

The SceneGen computer program simu-

lates observational data that would be
acquired by a video camera used for navi-
gation aboard a spacecraft. SceneGen con-
sists of two parts: a “virtual world” part that
mathematically models the world that the
spacecraft is expected to encounter and a
camera-subsystem part that mathematically
models the behavior of the camera and
associated instrumentation. The virtual-
world part of the software is based on
physics and provides for the accurate simu-
lation of light-path traces and photon
counts. The camera-subsystem part of the
software is further subdivided into a flight
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module and a support module. The flight
module serves as part of a command-and-
data-retrieval interface between the elec-
tronic circuitry of the simulated instru-
mentation and other subsystem modules
of spacecraft flight software. The support
module simulates the behavior of the cam-
era subsystem and the generation of obser-
vational data during interactions with the
virtual world.

This program was written by Meemong Lee,
Ray L. Swartz, and Richard Weidner of Caltech
for NASA’s Jet Propulsion Laboratory. For
[further information, access the Technical Support
Package (TSP) free online at wununasatech.
com under the Computer Software category, or
circle no. 180 on the TSP Order Card in this
issue to receive a copy by mail ($5 charge).

This software is available for commercial
licensing. Please contact Don Hart of the
California Institute of Technology at (818) 393-
3425. Refer to NPO-20053.

@ Software for Electrostatic
Levitation

JPL-HTESL-3D is a computer program
for feedback control of the three-dimen-
sional position of an electrostatically levi-
tated sample in an experiment on high-
temperature containerless processing of
the sample material. The program also
acquires and displays measurements of the
temperature of the sample and of the high
voltages on the levitating electrodes. In
JPL-HTESL-3D, tasks are allocated to fore-
ground and background modes. In the
foreground are servo-control and data-col-
lection tasks that must be performed in
real time. In the background are second-
priority tasks that arise in connection with
a graphical display, mouse, and keyboard.
JPL-HTESL-3D runs on a Macintosh, or
compatible, desktop computer and utilizes
the interrupt-request capability of that
computer. When an interrupt signal is
issued, the computer sets aside back-
ground routines, stores the present state of
its registers in memory, and launches the
foreground routine. During the fore-
ground routine, JPL-HTESL-3D receives
digitized outputs of a position sensor and
processes them via a proportional, inte-
gral, and derivative control law that gener-
ates a digital command for adjusting the
electrode voltages to counteract any devia-
tion of the sample from the nominal levi-
tation position. The command is sent out
through a digital-to-analog converter, and
a single frame of data is collected in a spec-
ified memory buffer. After the foreground

www.nasatech.com

routine has been executed, the computer
recaptures its previous register values and
resumes its background task. This process
is set into a continuous loop with an inter-
rupt frequency of 480 Hz.

This program was written by Sang K. Chung
and Won-Kyu Rhim of Caltech for NASA’s Jet
Propulsion Laboratory. For further informa-
tion, access the Technical Support Package (TSP)
free online at wununasatech.com under the
Computer Software category, or circle no. 106 on
the TSP Order Card in this issue to receive a copy
by mail ($5 charge).This software is available
for commercial licensing. Please contact Don
Hart of the California Institute of Technology at
(818) 393-3425. Refer to NPO-19886.

€3 Computer Program
Generates Software From

Facts and Rules

The Automatic Code Generator (ACG)
is a computer program that decreases the
effort and thus the cost of developing ZIP-
SIM software. [ZIPSIM is a software system
for constructing computer programs to test
control software when the control comput-
er and/or other electronic control hard-
ware (e.g., an avionic system) is not avail-
able for testing.] The input to the ACG is a
concise list of facts that must hold for the
code that one seeks to develop, along with
domain-specific knowledge like design
rules and patterns. The application pro-
grammer writes only these facts, rather
than the code. The design rules are provid-
ed by system architects. The ACG compris-
es two components: (1) a specification com-
piler, which translates specifications into
facts for an inference engine and (2) the
inference engine, which synthesizes C++
code from the facts and rules. The infer-
ence engine is based on the CLIPS expert-
system software. The ACG is in daily use,
supporting the development of mission-
critical software within the ZIPSIM project.
The increment of productivity afforded by
the ACG is approximately equivalent to that
of one human programmer.

This program was written by William K.
Reinholtz of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
access the Technical Support Package (TSP) free
online at www.nasatech.com under the
Computer Software category, or circle no. 114 on
the TSP Order Card in this issue to recerve a copy
by mail (85 charge).

This software is available for commercial
licensing. Please contact Don Hart of the
California Institute of Technology at (818) 393-
3425. Refer to NPO-19981.
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& Estimating Repair-Weld Strengths Using Wide-Panel Specimens

Wide-panel specimens give better approximations of realistic stress patterns.

Marshall Space Flight Center, Alabama

A technique for determining the
effect of a repair weld upon the strength
of a previously welded workpiece
involves tensile testing of a wide-panel
specimen that is coated with photoelas-
tic material to reveal strains. (As used
here, “repair weld” denotes a portion of
an initial weld that has been rewelded to
remove a defect.) The technique pro-
vides for assessment of the effects of
residual stresses that the repair weld
introduces into the surrounding work-
piece material, including the nearby
portions of the initial weld not included
in the repair weld. The invention has
been used to assess the effects of resid-
ual stresses, degradation of strengths,
and redistribution of loads in 2195 alu-
minum/lithium alloy repair welds in the
Space Shuttle Super Lightweight
External Tank program. The technique
could easily be adapted to assessment of
these effects in high-performance weld-
ed structures in other applications.

Heretofore, it has been common
practice to cut relatively narrow [up to
2-in. (5-cm) wide] tensile specimens
from a repair-welded test panel (see
Figure 1), then test these specimens to
failure to determine the strengths of
the initial and repair welds. The major
disadvantage of the narrow-specimen
technique is that it cannot capture (1)
the effects of residual stresses intro-
duced by a repair weld and (2) redistri-
bution of loads in a structure that con-
tains a repair weld. This is because
removing a narrow specimen (1)
removes the constraint of surrounding
material, which is the source of residual
stresses and (2) removes any capability
for sharing and redistribution of load in
the surrounding material.

The present wide-panel testing tech-
nique is designed to capture the com-
bined effects of residual stresses, degra-
dation of strength, and redistribution of
load around a repair weld. A wide-panel
specimen represents a repair weld more
closely than does a narrow tensile speci-
men because it is a welded test panel
that contains the full length of a repair
weld within a longer initial weld.

Figure 2 illustrates a typical wide
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specimen. After the specimen has been
fabricated by welding and machining, a
commercially available photoelastic
material is bonded to it in the weld
area. The specimen is then tensile test-
ed. With the help of polarizing optical
filters, the strains produced by the ten-
sile test can be observed as a colored
fringe pattern. Through this technique,
differences among various repair welds
and weld-material /parent-material com-
binations can be observed. The strain
patterns made visible by the photoelas-

tic material can also be compared and
correlated with strain patterns predict-
ed by finite-element structural-analysis
computer programs.

This work was done by Patrick R. Rogers
and Julian E. Bynum of Marshall Space
Flight Center. For further information,
access the Technical Support Package (TSP)
free online at www.nasatech.com under
the Mechanics category, or circle no. 130 on
the TSP Order card in this issue to receive a
copy by mail ($5 charge).

MFS-31106

Initial Weld

Repair-Welded
Test Panel

Tensile
Specimen

Figure 1. A Narrow Tensile Specimen cut from part of the repair weld in a repair-welded test panel
yields incomplete information because it does not incorporate the effects of the surrounding panel

material.
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Figure 2. A Wide-Panel Specimen is a repair-welded test panel that contains both a repair weld and
a substantial amount of surrounding material, as would typically be found in a practical repair-weld-
ed structure. In this case, the specimen includes clevis plates to facilitate tensile testing. The dimen-
sions shown here are typical only.
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& Single-Event, Low-Rebound Energy Absorber

Kinetic energy would be dissipated in cutting a solid material.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Single-event, low-rebound dampers
have been invented to cushion space-
craft during planned landings on other
planets and asteroids. Similar damping
mechanisms might prove useful on
Earth for protecting passengers and car-
goes involved in aircraft and land-vehi-
cle crashes.

Typical damping mechanisms de-
signed for one-time use utilize a crush-
able or deformable element to absorb

impact energy. While this method is
capable of significantly reducing impact
energy, it stores some energy elastically
in the crushed or deformed material,
which is then returned to the system as a
rebound force.

This damping mechanism absorbs
energy by shearing material instead of
crushing material. Energy is still stored
elastically in the material, but it is not
returned to the system as a rebound force.

PORTABLE FOUR-CHANNEL
OSCILLOGRAPHIC RECORDER

TA200-3304 FEATURES:

Compact - Lightweight (11lbs.) - Economical
Input up to 500 Volts; DC to 100 kHz

Touch Screen for Set-up & Waveform Display
Wide Chart & Easy-to-Handle Z-fold

RS-232C Interface Standard, Software Available
All Channels Equipped with Triggers

The TA200-3303/3304
Digital Oscillographic Recorders
feature 4 Isolated Analog Input
Channels, or 3 Andlog Input
Channels and an 8 Input Event
Channel. A 5” Backlit LCD Panel
displays data and has touch keys
for easy recording set-up.

(800) 423-2344 ext. 411

http:/ /www.solteccorp.com

Request Your Full-Color Catalog Today!

This one instrument provides
High Speed Transient Recording,
High Speed Real Time
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unattended operation.
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|
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The mechanism superficially resem-
bles an automotive shock absorber in
that it includes a tube sliding within a
slightly wider tube (see figure). The
inner tube is filled with a polyurethane
foam. A cutting-and-coring assembly is
mounted on the end of a hollow shaft
within the outer tube and is partially
embedded into the foam.

Pushing the two ends of the damper
inward causes blades on the cutting-and-
coring assembly to cut into the foam.
Once the blades have penetrated to their
full length, the cutting stroking force
becomes constant, and so the energy dis-
sipated in cutting the foam depends
mainly on the length of the stroke.
Because most of the energy is not spent in
compressing the foam axially, there is lit-
tle potential energy left to cause rebound
once the stroking force is removed.

This work was done by Kevin Burke, Greg
Gillis-Smith, Doug Henderson, Randel
Lindemann, and Richard Rainen of Caltech
Jfor NASA’s Jet Propulsion Laboratory.
No further documentation is available.
NPO-20102

Cutting-
and-Coring
Assembly

Foam

Inner
Tube

Energy Is Dissipated in cutting the foam
when the ends of the tubes are pushed
toward each other.
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Lowest Cost
Data Acquisition

ADAC's new Value-Line has
uncompromising design features
and high quality components at
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&Calibrating Aircraft-Vibration Models

From Flight Data

These models can be used in flight simulations and analyses

of handling qualities.

Dryden Flight Research Center, Edwards, California

A methodology for constructing
mathematical models of vibrations
of aircraft has been developed with
a view toward using such models in
piloted flight simulations and in
computational analyses of handling

qualities of aircraft. The methodolo-
gy provides for the extraction, from
flight data, of vibrational-mode-
shape information comparable to
the information obtainable in a
ground-based vibration test or in a
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Pitch-Rate and Normal-Acceleration Data acquired by minimal instrumentation in minimal flight can
be processed into mode-shape information with minimal analysis.

www.nasatech.com NASA Tech Briefs, November 1997



detailed computational analysis of
the dynamics of an aircraft struc-
ture. A computer program that
implements a model developed
according to this methodology can
then be incorporated into the flight-
simulation computer program for
the aircraft to obtain a good repre-
sentation of flight characteristics for
analyses of aircraft handling quali-
ties and of the performances of air-
craft control systems.

Performance requirements for
advanced aircraft and aerospace
vehicles generally give rise to design
requirements for structures as light-
weight as possible. For advanced
cruise aerospace vehicles (e.g., the
High Speed Civil Transport) and for
single-stage-to-orbit aerospace vehi-
cles, requirements for maneuvering
are quite low and gross weights are
high. As a result, structures are rela-
tively flexible and frequencies of
vibrational modes approach the fre-
quencies characteristic of the rigid-
body dynamics of the vehicles. It
therefore becomes necessary to
include the vibrational modes in
analyses of control systems and han-
dling qualities of the vehicles. The
mathematical model used to simu-
late the vibrations and other rele-
vant aspects of the dynamics of a
vehicle must be modified further to
reduce the model to one that is
applicable to the frequency ranges
of significance to the pilot.

Often in flight-test programs, the
available mathematical models of
structural dynamics do not corre-
spond exactly to the aircraft struc-
tures in question. Data from conven-
tional ground-based vibration tests
can be used to update these models,
but such tests are expensive and
time-consuming and are rarely per-
formed to support handling-quali-
ties flight experiments.

The present methodology enables
the construction of suitably reduced
models from flight data in a fraction
of the time and at a fraction of the
cost of acquiring and processing
data from ground-based vibration
tests. This methodology was devel-
oped and demonstrated in conjunc-
tion with the NASA SR-71 handling-
qualities flight-test program. Data
obtained throughout the ranges of
velocities and altitudes of the SR-71
airplane were processed to extract
the characteristics of the first vibra-
tional mode that involves bending of
the longitudinal axis of the airplane.
These characteristics have been

NASA Tech Briefs, November 1997

incorporated into mathematical
models that have, in turn, been
incorporated into computer pro-
grams for piloted and batch flight
simulations that will support analy-
ses for the handing-qualities flight-
test program.

The methodology provides for cal-
ibration of a simplified mathemati-
cal model of those modes of vibra-
tion of the aircraft structure that are
of significance for piloted simula-
tions. For the SR-71 airplane, the
first longitudinal-axis-bending mode
is the vibrational mode of greatest
significance. This mode is represent-
ed by a second-order submodel, and
modes of higher order are modeled
by use of a delay. The modal
responses at various fuselage loca-
tions are obtained from the distribu-
tion of such responses for a uni-
form-beam submodel that can be
calibrated from flight data. More
specifically, pitch-rate and normal-
acceleration data (see figure) from
at least two locations are needed to
calibrate the solution for the uni-
form-beam submodel.

Mode shapes obtained by follow-
ing this approach have been com-
pared with mode shapes obtained
from ground-based vibration tests,

and the general form of the uni-
form-beam solution was found to be
a good representation of the mode
shapes in areas of interest. A tech-
nique of manual analysis and cali-
bration has been developed and is
applicable to the case in which the
structural dynamic (vibrational)
motion is not altered significantly by
the aircraft control system. A param-
eter-estimation technique has been
developed for the more difficult
case in which there is a control-sys-
tem interaction or a short-period
interaction prevents a simple analy-
sis; this technique can be imple-
mented by use of standard parame-
ter-estimation programs or by use of
personal-computer  spread-sheet
analysis programs with equation-
solving capabilities.

This work was done by Bruce G.
Powers of Analytical Services and
Materials, Inc., for Dryden Flight
Research Center. For further informa-
tion, access the Technical Support Pack-
age (TSP) free on-line at www.nasatech.
com under the Mechanics category, or
circle no. 165 on the TSP Order card in
this issue to receive a copy by mail ($5
charge).
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& Valve Meters Hot, Pressurized

Oxygen

The design minimizes upstream disturbances
and obstructions to flow.

Lyndon B. Johnson Space Center, Houston, Texas

The figure illustrates a valve, similar to a ball valve, that
meters a flow of oxygen at temperatures up to 500 °F (260
°C) and pressures up to 10,000 psi (about 7 MPa). The
valve is designed to minimize the pressure drop and the
concomitant upstream-propagating pressure disturbances,
and to keep the speed of flow nearly constant. Accordingly,
the valve is configured not to restrict the flow but to direct
all or part of it to a primary outlet (in which the metered
flow is required) or to a secondary outlet (which could be
connected to a return or recirculation tube).

Packing Nut
71 7l
N 7N
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\\/ Z\ Backup Ring
é;\\\\\q‘ Seal Rings
&,@q Cylindrical
L Valve Member
A &‘Q
' Input 7N Output |
— # [ e— — —
7 % ™ sieeve
7
%
2
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R e Outlet
N
D \S\ N DS <
Input - » R el
e e e \ /
NG \\ NN \\ N
DK Secondary
Outlet
SECTION A-A

The Oxygen-Metering Valve directs various proportions of a flow of hot,
pressurized oxygen to the primary and secondary outlets.

The valve body, the shaft, and the valve member (which
is machined integrally with the shaft) can be made of stain-
less steel(s) and/or suitable nickel alloy(s). The flow path
is kept as straight as possible to minimize both turbulence
and the cross sections presented by corners and other
obstructions on which particles entrained in the flow can

NASA Tech Briefs, November 1997
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impinge. This latter feature is particularly important
because particles and valve surfaces are heated upon
impact, and the particles are particularly susceptible to igni-
tion in hot, pressurized oxygen.

The valve member is a cylinder (instead of a sphere as in
a ball valve). It contains a single, straight flow passage of
oval cross section that tapers to an enlarged opening at the
inlet end. The opening in the valve member at its outlet end
is large enough to straddle a wedge in the valve body that
divides the flow into two parts, each going to one of the out-
lets. Thus, depending on the shaft angle, all or part of the
flow can be directed to either or both outlet(s). The wedge
divides the flow with minimal disruption of the flow and
minimal back pressure, and presents a small cross section to
oncoming particles.

The valve member turns in a closely fitting tubular sleeve
in the valve body. Seals between the shaft and the valve body
are formed by frustoconical seal rings made of a copper
alloy or other deformable material. The seal rings are sand-
wiched between backup rings (which are basically thick
washers) and squeezed axially against the tubular sleeve by
use of packing nuts. The resultant wedging of the seal rings
against each other forces the rings tightly against the shaft
and valve body. Despite the tight seal, the frictional torque
is relatively low, and the shaft can be turned easily: this is
important because it enables the valve- actuating mecha-
nism to adjust the valve quickly and accurately to the speci-
fied flow settings.

This work was done by Rollin C. Christianson, James A. Daniel,
and Peter P. Lycou of Lockheed Engineering & Sciences Co. for
Johnson Space Center. For further information, access the
Technical Support Package (TSP) free on-line at www.
nasatech.com under the Mechanics category, or circle no. 111 on the
TSP Order card in this issue to receive a copy by mail (85 charge).

This invention has been patented by NASA (U.S. Patent No.
5,251,663). Inquiries concerning nonexclusive or exclusive license
Jor its commercial development should be addressed to the Patent
Counsel, Johnson Space Center; (713) 483-4871. Refer to MSC-
21823.

&Modified Tether-Hook

Mechanism With
Locking Lever

Lyndon B. Johnson Space Center, Houston, Texas

A tether-hook mechanism that was previously somewhat
difficult to unlock and release by hand has been modified
to enable release by natural-feeling placement of a hand on
the hook and simple squeezing. Incorporation of a lever
operated by the hand to unlock the bail of the hook elimi-
nates the cumbersome requirement, in the previous
design, to align the index finger and thumb on corre-
sponding locks in order to release the hook. The modified
tether-hook design could be useful in such safety-hook
applications as construction, window washing, and under-
water operations that require a self-locking tether hook
that is easy to operate.

This work was done by Robert C. Trevino of Johnson Space
Center. For further information, access the Technical Support
Package (TSP) free on-line at www.nasatech.com under the
Mechanics category, or circle no. 187 on the TSP Order card in
this issue to receive a copy by mail ($5 charge).

MSC-22593

NASA Tech Briefs, November 1997
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* Machinery/Automation

£ Acoustic-Emission Bearing-Fault Diagnostics System

Analytical software differentiates between bearing failure and transient-event signals during
testing of turbomachinery and drive-train systems.

Marshall Space Flight Center, Alabama

A new hardware and software system that
uses a state-of-the-art, high-frequency
Acoustic Emissions (AE) sensor and an
innovative AE signal-processing technique,
called Point Process Spectral Analysis
(PPSA), has been developed to help prevent
catastrophic failures and costly down time
due to false alarms during bearing testing.
In the past, bearing health monitoring and
fault diagnosis within turbomachinery and
drive-train systems have been a significant
technical challenge for the

lyze the frequency-domain behavior than
conventional time-series representation.
Additionally, PPSA overcomes the basic lim-
itations of the fast-Fourier-transform-based
spectrum for detecting signal components,
such as widely spaced, narrow transient
spikes that cannot be approximated effec-
tively by a sum of sinusoids.

PPSA uses the first moment function of
time to determine the rate of transient
impulse, thresholding the temporal AE

used to create a spectrumlike function of
the point-process. This point-process spec-
trum provides a statistical estimation of the
event occurrence rate and intensity distribu-
tion as a function of frequency.

The superior detection capability of PPSA
over conventional envelope analysis in
extracting bearing signatures from AE tran-
sient signal in a noisy operational environ-
ment was demonstrated with two computer-
simulation examples and with NASA-provid-

aeronautics and transporta-

ed test data from a bearing
test rig. Three test conditions
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developing a low-cost, com-

Conventional time series
representation of an ultra-
high frequency AE signal
requires all data to be sampled over the
entire waveform at a high sampling rate.
However, PPSA only uses the times occur-
rence of the transient events, along with
their strengths, since these transient events
contain the major dynamic information
needed for bearing fault detection. As a
result, PPSA requires much less data to ana-

Point-Process Spectral Analysis was used to extract these bearing signatures from
an acoustic emissions transient signal during testing of a good bearing.

waveforms for structural failure detection.
Next, a mean-lagjump product, represent-
ing the second moment of a point process,
provides a statistical estimation of the corre-
lation between all pairs of event occurrences
with common time lags. The frequency-
domain representation of the second-
moment mean-lag-jump product function is

mercially viable, on-line bear-
ing-diagnostic system.
This work was done by Jen-Yi

Jong of Al Signal Research, Inc., for the Marshall

Space Flight Center. For further information,
access the Technical Support Package (TSP) free
on-line at www.nasatech.com under the
Machinery and Automation category, or circle
no. 118 on the TSP Order card in this issue to
receive a copy by mail (85 charge).

MFS-26468

B Thermoacoustic Refrigerator
Inert gases are used as working fluids in place of potentially harmful CFCs, HFCs, or HCFCs.

Lyndon B. Johnson Space Center, Houston, Texas

A thermoacoustic refrigerator pro-
duces high-amplitude sound waves in an
inert gas mixture to pump heat without
using chlorofluorocarbons (CFCs), which
are dangerous when leaked into an

84

enclosed environment. Chemical refriger-
ants such as CFCs and HCFCs are also
known to destroy stratospheric ozone
and, along with HFCs, are “greenhouse”
gases which contribute to global warming.

www.nasatech.com

Two electrodynamic loudspeakers,
each capable of generating 100 W of
acoustic power, operate at a frequency of
320 Hz to establish a standing wave in the
mixture of helium and argon gas at a sta-

NASA Tech Briefs, November 1997
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The Two Loudspeakers Maintain a Half-Wavelength Standing Wave at a resonant frequency of 320
Hz in a 20 atm. mixture of helium and argon gas. The two stacks are 11-cm-diameter spirals of 52-uym-
thick plastic with a spacing of 204 pm. At either end of each stack are finned heat exchangers attached
to tubing which allows the heat-transport fluids to deliver useful cooling to the refrigerated enclo-

sure and to exhaust the waste heat plus work.

tic pressure of 20 atm. This sound wave
causes compressions and expansions of
the gas which are accompanied by oscilla-
tory gas motion. The compressions and
expansions raise and lower the tempera-
ture of the gas. Within the “stack” section
of the refrigerator, these oscillating gas
parcels can pick up heat from the stack
and deposit heat to the stack at a different
location. These gas parcels therefore act
like a “bucket brigade” which removes
heat from the cold heat exchanger and
deposits it at the hot heat exchanger.
Heat transfer fluids are pumped through
the hot and cold heat exchangers to deliv-
er useful cooling to an insulated sample
enclosure and exhaust the waste heat plus
work to the surroundings. The thermoa-
coustic device shown in the figure was
designed to provide 700 Btu/h (205 W)
of cooling at +4 °C and 400 Btu/h (117
W) of cooling at =22 °C with an exhaust
temperature of +20 °C. In recent sea trials
onboard the USS Deyo (DD-989), 1430

www.nasatech.com

Btu/h (419 W) of useful heat load was
removed from shipboard radar electron-
ics while the destroyer was underway near
Annapolis, MD.

This work was done by Steven Garrett of
Sound Advice Acoustical Consulting for
Johnson Space Center. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Machinery and Automation catego-
1y, or circle no. 119 on the TSP Order card in
this issue to receive a copy by mail ($5 charge).

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:

Donald Lincoln

Patent Counsel (Code 006)

Naval Postgraduate School

Monterey, CA 93943

(408) 656-2506

Refer to MSC-22064, volume and number
of this NASA Tech Briefs issue, and the
page number.

NASA Tech Briefs, November 1997
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Reports

#% Oxidation-Barrier Coatings
for Refractory Metals

A report reviews the technology of
metal coatings for protecting refractory
metal substrates against oxidation at
high temperatures. Potential applica-
tions include gas-turbine engines, heat
exchangers, equipment for handling
molten metals, and high-temperature-
resistant structural components.

This work was done by G.A. Malone and
T. Walech of Electroformed Nickel,
Inc., for Lewis Research Center. 7o oblain
a copy of the report, “High Temperature
Barrier Coatings for Refractory Metals,”
access the Technical Support Package (TSP)
free on-line at www.nasatech.com under the
Materials category, or cirlce no. 189 on the
ISP Order Card in this issue to receive a
copy by mail (85 charge).

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Office, Attn: Tech

Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16456.

(USSR S SR Vi S A St T

¢» Robust Numerical-
Integration Schemes for
Viscoplasticity

A report discusses the development of

a general conceptual framework for
implicit time-stepping numerical-inte-
gration schemes used to solve the equa-
tions of flow and of evolution of materi-
als in generalized mathematical models
of viscoplasticity. The general theoreti-
cal aspect of the framework is devel-
oped, starting from the unconditionally

stable, backward-Euler difference

scheme. The mathematical structure of

this framework is sufficiently general to
provide unified treatment of different
classes of models of viscoplasticity with
internal variables.

This work was done by Wei Li and Atef F.
Saleeb of the University of Akron for Lewis

Research Center. 7o obtain a copy of the
report, “Robust Integration Schemes for
Generalized Viscoplasticity With Internal-
State Variables,” access the Technical Support
Package (TSP) free on-line at wwuw.
nasatech.com under the Mathematics and
Information Sciences category, or circle no.
143 on the TSP Order Card in this issue to
receive a copy by mail (85 charge).

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Office, Atin: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16513.

¢» Autonomous Navigation for
Spacecraft Orbiting Earth

A report proposes a method of

autonomous navigation of spacecraft in

orbit around the Earth. The method, to

be implemented by use of on-board

computers and on-board Global

Call for Papers

The International Symposium on

Optical Science, Engineering,

and Instrumentation

SPIE’s 43rd Annual Meeting

° 19-24 July 1998

San Diego, California USA
San Diego Convention Center
and Marriott Hotel & Marina

Present a paper at
SPIE’s Annual Meeting!

Submit an
Abstract today!

Sponsored by
@ SPE Dy

Abstract Due Date:
22 December 1997

Manuscript Due Date:
22 June 1998

For more information visit our web site:
web www.spie.org/info/sd/

Or contact SPIE at: e-mail sd98@spie.org
phone (1) 360/676-3290 « fax (1) 360/647-1445

90 For More Information Circle No. 426

Program tracks on:

Earth Observing Systems and Remote Sensing
Cryogenic Optics and Infrared Technology
Astronomical Optics and Sensors

X-Ray to UV Spectroscopy and Polarimetry
Spacecraft Instrumentation

Imaging Through Air and Water

Wireless Communications Technology
Optical Design

Metrology and Diagnostics

Synchrotron Radiation Optics

Optical and Structural Materials

Organic Materials for Photonics

Photonics for Computing
Superconductivity

Broadband Transmission Engineering
Signal and Image Processing
Mathematical Imaging
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i' |
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emerge systems for science and industry.

Powerful Windows® image analysis. TherMonitor® and ThermaGRAM® digital image processing
software for both static and real-time temperature analysis and reporting.
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To Advertise Call (800) 944-NASA

"How To Offer Your
Invention For Sale."
We have helped hundreds of inventors and showed
them how to offer their inventions for sale to busi-
nesses all over the world. No cost. Free Information.

Call 1-800-537-1133. Kessler Sales Corp.,
C-47-7, Fremont, Ohio 43420.

CAD/CAM Job Listings
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free to job-seekers:$100 for employers

Positioning System (GPS) receivers,
would be applicable to a single space-
craft or to multiple spacecraft flying in
formation as needed for some coordi-
nated scientific observations. The
main benefit of the method would be
elimination of the need for ground
operators to determine command
sequences for orbit-adjustment and
-maintenance maneuvers,

This work was done by Joseph Guinn,
Mark Vincent, and Ronald Boain of
Caltech for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the report,
“Spacecraft Autonomous Navigation for
Formation Flying Earth Orbiters Using
GPS, ” access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Mathematics and Information
Sciences category, or circle no. 137 on the
TSP Order card in this issue lo receive a
copy by mail ($5 charge).

NPO-20116

@ Tests of Thermal-Barrier
and Wear Coats in Rotary
Engines

A report describes experiments to
evaluate combination thermal-barri-
er/self-lubricating coating layers on
the internal sliding-contact surfaces of
the housings of air-cooled rotary inter-

ings were described in “Combination
Thermal Barrier and Wear Coatings
for Engines” (LEW-15356), NASA Tech
Briefs, Vol. 19, No. 5 (May 1995), page
62. The tests demonstrated the bene-
fits of the thermal-barrier coatings in
that specific fuel consumptions of the
engines with the coatings were consis-
tently lower than those of the same
engines without the coatings. The PS-
200 wear coats proved to be very
durable under severe test conditions.

This work was done by Paul S. Moller
and Michael Weigart of Moller Inter-
national for Lewis Research Center. 7o
obtain a copy of the report, “Evaluation of
Thermal Barrier and PS-200 Self-
Lubricating Coatings in an Air-Cooled
Rotary Engine,” access the Technical
Support Package (TSP) free online at
www.nasatech.com under the Materials
category, or circle no. 175 on the TSP Order
card in this issue to receive a copy by mail
(85 charge).

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16512.

nal-combustion engines. These coat-

@ Secondary Electron

Emission From Thin
Diamondlike Films
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A report describes experiments on
secondary electron emission (SEE)
from specimens comprising various
thin diamond and diamondlike car-
bon films on molybdenum and silicon
substrates. Since its completion, a lot
of new research has been accom-
plished on SEE of diamond and dia-
mond films. Any new related informa-
tion can also be obtained via sources
listed below.

This work was done by Isay L. Krainsky
and James Dayton of Lewis Research
Center and Gerald Mearini of Case
Western Reserve University. To obtain a
copy of the report, “Study of Electrical
Phenomena Associated With Thin Films,”
access the Technical Support Package (TSP)
free on-line at www.nasatech.com under
the Physical Sciences category, or circle no.
192 on the TSP Order card in this issue to
receive a copy by mail ($5 charge).

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16514.
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What Is Boundless

PROFESSIONAL EDITION

TechOptimizer Professional Edition is the
only software product that assists you in the
conceptual stage of design. This product offers you
a systematic approach for thinking outside the box
and generating new solutions without compromise.

TechOptimizer Professional Edition helps you
out-think your competition by guiding your thought
. process. This unique software tool helps you to
Tl correctly state and solve your problems across many
[e—] fields of engineering.
Best New Produce  TechOptimizer Professional Edition allows you to:
= Speed the development of new products/processes [nvention

= Avoid expensive errors in the early stages of design

» Enhance inventive ideas by expanding your Machine

®
knowledge-base

Software That Invents™

-

Call about our FREE seminars and FREE Demo Disk!

800 595 5500 WWW. lnventlon-machlne com

tered trademarks include Invention Machine, Software That Invents, ar

For More Information Circle No. 538



UniSlide® Motor Driven

Positioning Equipment

Travel from '/2 in. to

Select
from 10 different
cross-sectional size bases.

(Three are shown here) \

hoose from hundreds of Linear Slides,
‘ Rotary Tables, and X-Y Tables. Use them
to position, scan or feed. Move loads 1
from oz. to 400 Ibs. Also, powerful, program-

mable motor controllers. Get your FREE 48 page
Catalog M-97 and price list today!

Call 800 642-6446
AMEX, inc. FAX: 716 657-6153
Visit us at www.velmex.com

In NYS: 716 657-6151
Bloomfield, N. Y. 14469

For More Information Circle No. 440
|

Testing Equipment
Quality Equipment for Your
Testing Needs

i

v
Pictured Above:

» Series 3210 Furnace (left),

* Series 3610 Oven (middle),
* and Ultrasonic Test Blocks (right)

Other Test Equipment:
Universal Testing Machines, Creep Testers,
Extensometers, Asphalt Testers, and Accessories

Standard and Custom Equipment

APPLIED TEST
Ay NSTCMS,INC.

Phone: 412/283-1212, Fax: 412/283-6570
Online: http://www.atspa.com

For More Information Circle No. 441

94

New on Disk

Molecular Simulations, San Diego,
CA, has introduced WebLab Viewer
Plus molecular visualization and
analysis software, which can repre-
sent molecules, crystal cells, and pro-
tein structures. Features include tools
to sketch molecules and optimize
their geometry; import and export of
chemical-structure files; and annota-
tion, animation, and display options.
For More Information Circle No. 710

Ansoft Corp., Pittsburgh, PA, offers
EMAS V4.0 (ElectroMagnetic Analysis
System) electromagnetic simulation
software that enables users to predict
coupled electromechanical perfor-
mance of various electrical apparatus,
It accounts for effects of nonlinear
structural

electromagnetic fields,

deformation, stress, and temperature,
The program is available on worksta-
tions running Hewlett-Packard UX
V10.10 or higher.

For More Information Circle No. 711

Ansys, Houston, PA, has announced
DesignSpace™ 3.0 design performance
simulation software for SolidWorks®

97Plus

Desktop™. Using the software and a

and Autodesk Mechanical

standard web browser, engineers can

review DesignSpace engineering

reports in real time from any location.
The Windows 95/NT software compris-
es three modules — DesignSpace
Explorer, Stress Wizard, and Vibration
Wizard — that provide stress- and vibra-

tion-analysis capabilities as plug-ins to
the solid modeler.
For More Information Circle No. 712

SinapsPlus™ Version 3.2. graphical
user interface software

Cullimore and Ring Technologies,

from

= ¥

Cimatron, Burlington, ON, Canada,
offers Cimagrafi Version 5.0 CAD/
CAM  software,
OpenGL technology for continuous

which features
image display, and improved algo-
rithms for surfacing, tracing, and pic-
ture-to-part. Enhancements to the 32-
bit Windows program include legacy
CAD/CAM systems, manufacturing
wizards, and enhanced milling per-
formance.
For More Information Circle No. 715

Littleton, CO, develops SINDA/
FLUINT models and views the results.

Enhancements include a debugging
system that helps users locate prob-
lems in models or user logic. The pro-
gram is available for Sun and HP
workstations, and 386/486 PCs.

For More Information Circle No. 713

Superdraw III finite element model-
ing software from Algor, Pittsburgh,
PA, allows building of 2D and 3D
models in UNIX, Windows 95/NT,
and DEC Alpha running Windows NT
operating environments. The soft-
ware can extend a CAD system into
mechanical-engineering and event-
simulation software, or it can serve as
a standalone design tool using finite
elements. It can be used to create
models comprised of several element
types.
For More Information Circle No. 716

SolidWorks Corporation, Concord,
MA, has released SolidWorks 97Plus
3-D mechanical design software,
160
perfor-

which features more than

enhancements, including
mance optimization for large assem-

blies; enhanced sweeping and loft-

ing; ability to add 3D annotations

to parts and assemblies; and a
FeatureManager design tree.

For More Information Circle No. 714
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, iS. The core, PT Modeler™, is a
‘robust, 3D, parametric, feature-based,
solid modeling system for part and
assembly design, detailing, and documen-
tation. Based on proven technology and
18 releases of Pro/ENGINEER®, the
PT/Products family is a production-
ready and dependable software. The U.S.

“I estimate that we list price for PT/Modeler is only $2995.
saved 700 hours on

the initial creation of
drawings and another

700 on modifications.” CALL#1-B0D-596-6799 OR VISIT OUR
| WEBSITE AT HTTP://WWW.PTPRODUCTS.COM
Directo o Enginesting FOR ADDITIONAL INFORMATION. Vld

SEAmagine Hydrospace Corporation

Why pay more and get less?

For More Information Circle No. 548
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Shock &Vibration
Damping. Up To 94%

Sorbothane® patented visco-
elastic material absorbs and
dissipates unwanted energy
and outperforms rubber and
other materials by providing:

* Shock Absorption
* Vibration Isolation
 Sound Damping

« Standard Products
» Cost-Effective Custom Molding

Sorbothane is the ultimate damping

Sorbothanelnc |

2144 State Route 59, Kent, Ohio 44240 « tel 330.678.9444 fax 330.678.1303
www.sorbothane.com \

For More Information Circle No. 436

‘v Load Cells
Force/ Torque
Sensors

Catalog Includes:

Thru Hole Load Cells
Low Profile Load Cells
Load Pins
Transducer Indicators
Special OEM Sensors

Gram Sensors
Tension Load Cells
Mini Load Cells
Torque/Sensors

Transducer Techniques
(909) 676-3965 FAX (909) 676-1200

e-mail: tti@ttloadcells.com

T'
.
URL: http://www.ttloadcells.com

\ 43178 BUSINESS PARK DRIVE, B-101 « TEMECULA, CA 92590 ‘ ‘

HTM Electronics Industries, Niagara

Falls, NY, offers the Optex S Series
| photoelectric sensors with built-in
amplifiers that are available in com-
pact
retroreflection, and BGS types. The
| sensors feature background suppres-
| sion functions, enabling stable detec-
; work-
| pieces, regardless of the material to

thru-beam, diffuse-reflection,

tion against multi-colored

| be detected.

For More Information Circle No. 733

10-bit

Vision1024

from Merchantek Electro-Optics,

digital camera

Carlsbad, CA, features capture rates
to 120 Hz. Designed for machine
vision, high-speed motion imaging,
and remote sensing, the camera fea-
tures a self-contained, palm-sized
CPU that connects to a printer and
| external monitor.

‘ For More Information Circle No. 734
=

Ampex Corp., Redwood City, CA,

offers the DIS 120i and 160i
data/instrumentation  recorders.
| The systems use 19-mm, D-2 car-

| tridge tape to capture digital data in

real time, and process and manage

the data. The DIS 160i, in instru-

mentation mode, captures data
directly into a recording device and
processes it through a SCSI-2, 16-bit
interface; the DIS 120i captures the
data into a recording device directly
attached to a computer.

For More Information Circle No. 735

Steinbichler Optical Technologies,
Novi, MI,
Comet/OptoTrak portable, tripod-

has introduced the
mounted digitizing system with an
unlimited measurement volume to
capture 3D forms of designs. The sys-
tem consists of the Model 400 Optical
3D Digitizing and the
OptoTrak Optical CMM. The sensor
digitizes 3D objects by separately mea-

suring 16x16" patches of 420,000 X-Y-

Sensor

Z coordinates in 60 seconds per view.

For More Information Circle No. 437

The XC-333 1
module
Montvale, NJ, incorporates a digital

4" color CCD camera

from Sony Electronics,
signal processing chip and can be

adjusted externally via an RS-232C

link. The unit features a square-
shaped camera head, an effective
379,392,

attached camera control unit. It uti-

pixel area of and an

lizes a 17-mm Sony NF lens mount; a

C-mount lens adapter is available.
For More Information Circle No. 740 |

PCB Piezotronics, Depew, NY, offers
the Series 370 DC accelerometers
that

feature variable capacitance
sensing elements to measure low-
level accelerations at low frequency
or steady-state conditions. Available
sensitivity is 100 mV/g. The units are
equipped with air damping to
exclude highfrequency ringing in
the output signal.

For More Information Circle No. 737

I-CUBE, MD,
duced a video microscopy image

Crofton, has intro-

analysis workstation, which performs
video image capture, processing,

analysis, storage, and data extrac-

tion. It can be interfaced to existing

video microscopy setups, and is used
in life sciences, industrial, and other

laboratory and research applica-
tions. Image capture is achieved via a

high-fidelity frame grabber that cap-
tures from RGB, S-Video, composite,
and monochrome video sources.

For More Information Circle No. 739

For More Information Circle No. 736

Busak+Shamban, Ft. Wayne, IN, has
announced the Zurcon®

Wynseal
seal that consists of a polyurethane
seal ring with an o-ring as the ener-
gizing element. The seal edge profile
features two external seal edges act-
ing as the primary seal for pressures
from both sides. Sealing effect is
along the plane surface to activate
the energizing o-ring. It operates at
temperatures from -35°C to 80°C.

For More Information Circle No. 744
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New on the Market

The Aerolatch” lever-assisted flexi- |

ble draw latch from Southco, Con-
cordville, PA, is an over-center latch

made of non-corrosive and UV-sta-
ble materials, and features a detent
to keep the latch closed. An EPDM
latch body
reduces vibration.
For More Information Circle No. 743

rubber absorbs and

Helical Products, Santa Maria, CA,
offers flexible couplings, u-joints, and
precision-machined springs incorpo-
rating HELI-CAL Flexure technolo-
gy. When used as a coupling or u-
joint, the HELI-CAL Flexure employs
a curved beam to transmit torque
while compensating for lateral, axial,
and angular misalignments, Used as
a machined spring, the beam pro-
vides controlled elastic performance
in compression, torque, and lateral
bending and displacement. The com-
ponents can be made of aluminum,
stainless, steel, titanium, or plastics.
For More Information Circle No. 741

| Amatrix Corp., Farmingdale, NY,
offers the Model EPR 100 electrically
controlled pressure regulator, which
features an on-board microproces-
sor. The unit processes signals and
controls, executes functions, and
communicates with control systems
via RS-232 serial ports; the control
signal can be analog or digital. The
compact device features repeatability
of less than 1% full scale and is pow-
ered by 24 VDC

For More Information Circle No. 746

Norwalk, CT,
offers low-inertia DC motors con-

Electric Indicator Co.,

structed with a hollow, ironless, bas-
ket-wound armature over an inter-
ndl stationary magnet structure
Accelerations to over 90,000 RPM in
less than 1
Ratings are available to 5 HP, 10,000
RPM with custom voltages of 12 1o
240 VDC and frame sizes to 6.3
diameter.
For More Information Circle No. 738

msec. are possible.

The Model
monitor from

400 VGA touchscreen
Eason Technology,
Healdsburg, CA, was designed for
applications requiring a separate
monitor from an industrial PC
machine controller. It is housed in a
12.75x11.5x2.5" cast aluminum enclo-
sure that is NEMA 4/12 rated when
NEMA 4X

optional. Operator input is via a resis-

panel-mounted, with

tive touchscreen and/or via a ten-key

tactile snap dome ridged keyboard
For More Information Circle No. 745

Greco Systems, El Cajon, CA, has intro-
duced the Color Touch Station, an
integrated touchscreen computer avail-
able in 586 (100Mz) with an external
keyboard and printer ports. It was
designed for keyboard- and mouse-free
operation of Windows-based programs
A swivel base accommodates tabletop

| or machineside placement.

For More Information Circle No. 742
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TRIM-LEK ° c.

if you have an edge...we have a trim!

For over 25 years, |
the leader in
flexible plastic

and rubber (
extrusions!

trim

call for
FREE samples

e-mail: trimlok@deltanet.com

call
toll-free

714-562-0500 fax 714-562-0600
6855 Hermosa Circle Buena Park, Ca 90622-6180

For More Information Circle No. 438

Master Bond Problem Solver

THERMAL SHOCK RESISTANT ADHESIVE
HAS HIGH PEEL STRENGTH

I

< I
SHEAR

EP21TDC has a shear strength in excess of 2800 psi and
a T-peel strength of 35 pli.

—]

[/

Superior durability, high peel, high shear strength,
thermal shock resistance and chemical resistance is a com-
bination hard to beat. Master Bond EP21TDC offers this
enviable product performance profile and more. It cures at
room temperature and has a non-critical 1 to 1 mix ratio by
weight or volume. EP21TDC can be applied without sagging
or dripping even on vertical surfaces. Bonds are remarkably
resistant to thermal cycling over the exceptionally wide tem-
perature range of -60°F to +250°F. EP21TDC has a shear
strength in excess of 2800 psi for aluminum to aluminum
bonds and a T-peel strength of 35 pli. Adhesion to metals,
glass, ceramics, wood, vulcanized rubber and many plastics
ifs excellent. So when looking for high performance - look no
urther!

Master Bond Inc.

Adhesives, Sealants & Coatings

154 Hobart Street, Hackensack, N Je

Tel: (201) 343-898

For More Information Circle No. 439 97
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VIQrKetplacCe ro advertise — call (212) 490-3999

SoftwareWedge"

Automatically inputs any serial data
directly into any PC application.

Industrial & Lab.
Instruments ...
Gages ...
Balances ...
PLCs ... etc. ...
Any Serial
Device!

* Real-Time Serial Data into Any Application - Excel,
VB, Quattro, Lotus, Access, Stat. software, etc.

* Full data acquisition and instrument control.

* Risk free 90 day, money-back guarantee.

Now Windows, DOS, NT & F'vﬁ\-Tuz-zrmcon

Windows 95 applications

InstrumenTAL Software™

TAL TECHNOLOGIES, INC.

2027 Wallace St., Philadelphia, PA 19130
Tel: 215/ 763-7900 Fax: 215/ 763-9711
E-mail: tall@taltech.com

Home page: http/Awww.taltech.com

For More Information Circle No. 580

R O LYN

0prics ComMPANY

FREE!
130
Page
Catalog

“Optics
for
Industry”

Free 130 page product catalog from Rolyn, world's
largest supplier of “Off-the Shelf” optics. 24-hour
delivery of simple or compound lenses, filters,
prisms, mirrors, beamsplitters, reticles, objectives,
eyepieces, plus thousands of other stock items
Rolyn also supplies custom products and coatings in
prototype or production quantities. ROLYN OPTICS
Co., 706 Arrowgrand Circle, Covina, CA 91722-
2199, (626)915-5707, FAX (626)915-1379

For More Information Circle No. 581

integr.

eve ll!Hz sample rates, shnultane-
ous 1/0, and bus-mastering DMA to
system memory; all with no degrada-
tion of host CPU performance.

(Look next for Reason #3: “64 analog
input channels.”)

United Electronic Industries

Free Catalog
(800) 829-4632

Internet
www.ueidag.com

For More Information Circle No. 582

No Nonsense
Accuracy!

Ultra Stable Thin Film Pressure Transducers
* (.1% Accuracy Rating
 Up to 10,000 PSI Pressure Ranges

* Lots of high
performance options

Call Before You're
Under Pressure!
800-321-6070

Gems Sensors
One Cowles Road
- Piainville, CT
e § 06062-1198
nsors

tel 860.747.3000
fax B60.747 4244

Nlib 3.0 is a library of ANSI C functions for |
creating and processing NURBS curves and

| surfaces. The functions are easy to callandno |
knowledge of NURBS mathematics is re-
quired. Nlib 3.0 is the ideal kernel upon which
to build geometry-based applications. Source
code, multi-users, no royalties. Maintenance,
consulting and training.

| http://www.gower.net/geomware

The Fiuid Seasor People™ WWW. com

g!

T15

For More Information Circle No. 583

| GeomWare, Inc. PH/FAX 903 839-5042 |
For More Information Circle No. 584

Please send (insert quantity)

| Name

OFFICIAL NASA VECTOR CAPS
Striking red, white, and blue official NASA logo on quality
white poplin cap. Only U.S. $9.95 each! Size-adjustable.
NASA caps.
Add shipping and handling charges:

$5.00 per order (U.S.)

Total enclosed (U.S. § only):

Address
Ciry
State Zip

Mail payment to: Associated Business Publications,
Dept. F, 317 Madison Ave., New York, NY
10017. For credit card orders call (212) 490-3999.

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"
(7.6pm), without scratching delicate
surfaces.

= Capacitec

P.O. Box 819, 87 Fitchburg Rd., Ayer, MA 01432 US.A.
Tel. (978) 772-6033 e Fax (978) 772-6036
For More Information Circle No. 585
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For More Information Circle No. 586
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New Literature

page 1997-98 Manual UniSlide® cat-
alog describing more than 950 lin-
ear and rotary positioning fixtures.
Linear slide widths range
1-1/2 to 9%;
to 90". Maximum load capacity is
400 Ibs. for linear slides and 200 Ibs.
for rotary.
For More Information Circle No. 700

from
travel ranges from 1/2

Velmex, Bloomfield, NY, offers a 40- |

Small Parts, Miami Lakes, FL, offers a
416-page catalog of assembly compo-
nents, tools, and fabrication supplies.
Among the 10,000-plus items are
stainless steel and plastic tubing, bar
and sheet metal, precision tools, and
material test Kits,
For More Information Circle No. 704

A brochure highlighting magnets
and magnetic assemblies is available
from Amold Engineering, Ogallala
Div.,
Magnet products include
hard ferrite,

Electronics Marengo, IL,

alnico,

samarium cobalt, and
neodymium. Capabilities include
assembly and packaging, adhesive
bonding, brazing, soldering, plating,
and painting.

For More Information Circle No. 701

A 256-page databook from Newport
Electronics, Santa Ana, CA, describes
meters, controllers, and instruments,
including the INFINITY"
microprocessor-based digital instru-
ments. Digital panel meters, con-
trollers, signal conditioners,
transmitters included. Instru-
mentation covers signal inputs such
as process voltage and current, ther-
mocouple, RTD, strain gauge, fre-
quency counters/timers, and AC/DC

series of

and

are

voltage.
For More Information Circle No. 705

Teeee-zeN anes g

Yokogawa Corporation of America,
Newnan, GA, has released a catalog
describing test and measurement
products.
acquisition products,

Included are recorders,

data digital

oscilloscopes, counters, DC sources, |

and digital multimeters.
For More Information Circle No. 707

Metal Powder Industries Federation,
Princeton, NJ, has released a 120-
page P/M Buyers Guide listing 112
manufacturers of powder metallurgy
(P/M) parts and products, Products

include gears and bearings, cutting

tools, heat sinks, filters, titanium and

superalloy parts, P/M

forgings, and biomedical products.
For More Information Circle No. 702

wear purl.s.

An eight-page brochure from Versa
Logic Corp., Eugene, OR, describes
embedded computer products such
as single-board computers, STD bus
systems, and expansion modules. Also
featured are rack-mount and desktop
enclosures, and flat-panel displays.
For More Information Circle No. 706

Mead Fluid Dynamics, Chicago, IL, ;

offers a brochure on the Isonic* 4000
Series four-way directional control
valves for fluid power systems. Also
featured is information on the sys-
tem’s Quick-Change Manifold, as
well as electrical connectors and
blocking plugs.
For More Information Circle No. 708

An B96-page catalog of metric
mechanical drive components is
offered by Stock Drive Products/
Sterling Instrument, New Hyde Park,
NY. It includes metric and commer-
cial gears,
shafts, bearings, couplings, brakes,
and clutches.

For More Information Circle No. 703

belt and chain drives, |

With Over
8,000 Products
We Have Your
Solution!

M Optical Components
M OEM Optics

W Test Equipment

W Video Systems

M Machine Vision

M (ritical Measuring

W Positioning Equipment
W Lasers & Laser Opfics

All items are in-stock
and ready to ship.
For over 50 years
Edmund's has been
providing technical
soloutions. Let us
help you.

A Request Your Copy Today
‘ 609-573-6250

| 388 Edmund Scientific

| INDUSTRIAL OPTICS DIVISION

Dept. B971, N954 Edscorp Bldg., Barrington, NJ 08007-1380
| Phone: 609-573-6250 Fax: 609-573-6233 E-Mail: B971N954@edsci.com

For More Information Circle No. 434

INNOVATIVE INSTRUMENTATION .

Modular Instrumentation Exotic Controllers

l

Hand Held Monitors

Digital Signal Processing

o

Vibration Alarms

e

Portable Calibrators

Portable
Signal Conditioning

... NO ONE ELSE COMPARES

 SIGNAL ANALYSIS * VIBRATION CONTROL
« SIGNAL CONDITIONING * MACHINERY MONITORING
* SIGNAL TRACKING * ENGINE ANALYSIS
» SIGNAL FILTERING * CHATTER CHECKING
 SIGNAL CONVERSION » CALIBRATING
 SIGNAL AMPLIFICATION * TRIM BALANCING

‘  SIGNAL GENERATION * PRODUCTION SCREENING
When it comes to accurate and reliable vibration control, dynamic
signal monitoring, and analysis there is no room for error. Trig-

Tek, Inc. offers a wide variety of standard and specialized
instrumentation to meet many dynamic applications.

For Free Information Call
B s

Vibration Protectors Precision Calibrators

(714) 956-3593 or Fax (714) 956-0162
Trig-Tek, Inc. » 423 S. Brookhurst St., Anaheim, CA 92804
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Into each life some rain must fall.

GOES will tell you when.

Scientists, meteorologists, and even Little League shortstops need to know
what to expect from the weather each day.

The Geostationary Operational Environmental Satellite (GOES N-Q) will
relay accurate satellite weather coverage and data to a partnership of
experts from NOAA and NASA and representatives of the meteorological
and academic communities.

We are the Hughes-GOES N-Q Team: providers of meteorological satellite
systems with an outstanding record of on-orbit delivery and performance
and with dedicated ground-based systems.

SPACE & CoMMBNICATIONS

For More Information Circle No. 533



t1onary

Visualize your data with
IDI

Language, and see results in a

, the Interactive Data

whole new way.

RL‘\'U][\,

IDL software’s array-oriented
architecture is designed for
high-performance processing

of large, complex data. That's

Fa:

why it’s the standard in the
Easily create amazing graph-
IDI

accelerated 3D system. Want

world’s preeminent medical,

ics with software’s  military, engineering & sci-
ence organizations. IDL is so
to spin or fly-through a  efficient that a few lines of
surface? No problem. Shade  IDL can do the job of hun-
dreds of lines of C or Fortran.
And,

system IL‘[\ you dL‘\'C]()P

and illuminate with multiple
light sources? its object-oriented

sophisticated applications

(IT'S A SNAP IN IDL_ |

from reusable code modules.

Analyze data faster. Create
simulations easier
better applications.

Write

10J8 SO T WARE

Read in, analyze and output
your data with the click of a

Connect to your relational database with the IDL DataMiner

mouse with IDL Insight™.

Automatically share your programs — with full
graphical interfaces — among Windows, Unix and 7
Macintosh systems. Check out our flexible license e
options — we'll help you protect your intellectual prop-
erty and economically distribute your applications.

Create maps in any

of 16 projections. Crunch numbers Wim IDL’s

For More Information Circle No. 515

Research Systems

Austria, Germany, Liechtenstein, Luxembourg, Switzeriand, The Netheriands
France, Belgium FastF S - 1

303-786-9900

integrated mathematics,
statistics and industry-s
Numerical Recipes™a

[DL 50,

' .- opr -

info@rsinc.com  Software = Vision™

International Distributor Otfices

e Brazil SuiSoft 1L 555 91 o China
Q 600176 ¢ Ltd
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