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Join the Solution @

Revolution

As developers of high-performance DAQ applications, we chose
LabVIEW because it provides the high-end tools needed for rapid
development without restricting the use of ‘C’ for low-level needs.”

Jim Campbell, Cofounder,

Viewpoint Software Solutions

“The dataflow style of the LabVIEW graphical language
b replaces the old style of sequential programming — now,
| complex concepts such as the timing and operation of

parallel tasks can be clearly defined.”

Lynda Gruggett, President,
G Systems

LabVIEW

Graphical Programming Software

|t's not a secret anymore. There's a

graphical programming revolution going on,

i'ﬁ and LabVIEW is leading it. Thousands of
b

scientists, engineers, and technicians use
LabVIEW to create complete

instrumentation and data

“LabVIEW software is easy to develop, debug, and
maintain. It helps us concentrate on the application

features without being caught up in fine details.

This translates to on-time, on-budget projects and

acquisition solutions in a fraction
the time it takes with other

asgiiay] software. The simplicity of the graphic
customer ."(lll{f{ldl())l.

ey : : language and the speed of the
Niranjan Ravulapalli, Project Manager

VI Technology graphical compiler have helped LabVIEW

} users develop millions of successful solution
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TO CONVERT REAL-TIME COMPUTER

,,,,

1280x1024
Computer
Display

Interlaced and
Non-Interlaced
Sources

85 KHz Input
(true autosync)

NTSC/PAL

- GRAPHICS TO VIDEQ. ..

...and get the best possible image,
you will need the Model 9400JR or
Model 9700XL from Folsom Research.

NTSC/PAL Monitc

You're looking at the two best autosync video scan converters available anywhere.

Both can turn your high-resolution desktop workstation, PC or Mac presentations into
broadcast-quality videos. The 9400]JR is built for the same top performance and excellent
picture quality as our top-of-the-line unit. It is the most affordable true broadcast-quality
scan converter made. The 9700XL, built for absolute control and flexibility, is the most
powerful scan converter made. Period.

To see all of the powerful
Jeatures, call for your free
demo today.

9400/R

True Broadcast
Quality

S-Video
(Y/C)
Genlockable

Loop-Thru RGB

Image Size and  (on BNC & VGA Inputs)

Position Control

9700XL

Folsom

Free RS-232

Win95/NT 4.0

Control Software RESEARTCH

100 KHz Input 526 East Bidwell Street

(true autosync) Folsom, cA 95630-3119

Tel (916)983-150

NTS(/PAL Loop-Thru $-Video RGB/Betacam  SDI D1 _(9 RO 30

True Broadcast (on BNC & VGA Inputs) (Y/C) 315KHz  CCIR 601 Fax (916)983-7236

Quality Dynamic Pan Genlockable (other custom  Qption Email: sales@folsom.com
‘ and Zoom outputs available)

http://www.folsom.com

For More Information Circle No 506



CFDZOOO

generating

real results..

Electroniqs Indus

.I » l:le‘lV..x BSegrch.ce 166

—JJ-od—lJ—l ¥ Nt -'l

‘@ ﬂd,sg!l'/—.s—:—,'.:—.ew ciLComn

fluid flow and heat transfer problems?.

“daptive.

3 Division of
2901 28th Street, Suite 30C
Santa Monica, California
(800) 326-5155 &

4960 Corporate Di
Huntsville, Alal
(800) 321-242¢




Exact Graphs for Exact Science

You've spent months “When it comes to choosing the program that will best takes to see one
gathering and analyzing meet the needs of the bulk or scientific and engineering of over 100 curve
data. Now you need to users; it isn't close: it’s SigmaPlot by a mile.” fits added to your
show off your work - Dr. Barry Simon, Ph.D., Deskiop Engincering Magazine, September 1996 graph using the

clearly and precisely.
You can use a spread-
sheet or a data analysis Choose the error bar
program to make a e e e direction for every data
graph. Many scientists | PNt siaaninin: point. Lay out multiple
have tried this route. ‘ I graphs on a page to see
Then they saw they the trends in your
could not create the data. Export to EPS,
exact graph that best TIFE, JPEG and other
represented their data. graphic file formats to
Scientists like you publish your results.
designed the solution:
SigmaPlot.

new SigmaPlot 4.0
Regression Wizard.

THE PROOF IS IN
THE PLOTTING
DESIGNED WITH Over 100,000 of your
THE FLEXIBILITY ' , colleagues have already
YOU NEED seen how SigmaPlot

Customize every detail to create the exact SigmaPlot graphs create a more compelling presentation of
graph you want. Just a few mouse clicks s all it their research.SigmaPlot provides exact graphs for

exact science.

Call tod t 1-800-841-0057
- -
SPSS Inc.. 444 N. Michigan Avenue, Chicago, IL. 60611 a (o] OY a i
+312.329.2400; fax: +312.329.3668 IG

Distributors worldwide: hip//www.spss.com/ordet .

Acos? YSPTCNTB-0997 http://www.spss.com/software/science/sigmaplot Exact Graphs for Exact Science

Fit thousands of equations
to your data in seconds

Find the best model for your data -
in seconds ‘ *!rFFF". -
TableCurve 2D has 3,665 equations
frequently encountered in science and
engineering built right in. With a single
mouse click, fit them all or just the ones
you need — instantly! You can even enter

A Sikd 2 3

problems faster

= Optimize product and
process performance

= Quickly calibrate sensors

= Understand complex

s v chemical kinetics
your own specialty models to be fit and = Reduce empirical data to
ranked along with the built-in equations. a simple equation
If no single function describes your = Stabilize "Ys“’msckwm‘
data, choose from the three powerful dgnasic s

g g P = Any general curve fitting
non-parametric estimation features — application!
Local Regression Estimation, Spline »
Fitting and Smooth Spline Estimation & - ito lal %
TableCurve saves yo ecious time . o

€ Ulj\ € saves y( u precc U? ume Fit XY models to your data in seconds with into a two-hour predtion
because it takes the endless trial and TableCurve 2D (above). Use TableCurve 3D | gacte thhe sissuste I installed
error out of data ﬁ“ing. for XYZ surface fitting applications (left) TableCurve.”
Scott Slavick

Visually discover the best equation to model your data

Once the fit is complete, TableCurve automatically displays fitted equations and corresponding
graphs sorted by the statistical criteria you select. Graphically review fitted results as you scroll
through the equation list to discover the model that meets your requirements for the ideal fit.

wie  Call today 1-800-841-0057 TAm
. http://www.spss.com/software/science/tcurve2

SPTCNTB-0997

Engineer and Researcher
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High-Speed Image Processing

Reconstruction of Images From
Circular-Scan Sensors

Advanced X-Ray Imaging Spectrometer

Digital Video System Images Damaged
Gears During Operation

Image-Analysis System Tracks Objects
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From Multiple Sensors
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Telerobot Control for Microsurgery
Hydrogen-Fire-Detector Calibration Unit

Physical Sciences
Better Cells for Multiple-Pass
Absorption of Light in Gases
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Modified CVI Process for Making
SiC/SiC Composites

Unsymmetrical Squaraine Dyes
for Nonlinear Optics
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NASA’s ground network stations have been re-engineered to
reduce life cycle costs for the Space Shuttle. Real-time range
safety data in the laboratory and at the launch site will be
developed using Visual Test Systems (VTS) data acquisition
systems from L3 Communications Telemetry & Instru-
mentation of San Diego, CA. The customized VTS station
shown is one of five to be installed for NASA to keep close
track of the shuttle’s flight performance. For more informa-
tion, see Application Briefs on page 22.

Photo courtesy of L3 Communications
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EASY things you can do with Nonlinear
that you can’t do with regular linear stress analysis
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Nonlinear Dynamic Analysis for Virtual Engineering that’s:

1. As EASY as Linear Static Stress Analysis

: s Get your free Video and CD-ROM to see
2. At Linear Stress Prlcmg Levels rA]g)(SQM'elncm
3. Fully Integrated with your CAD Station Video indudes 18 action

Accupak/VE from Algor is the nonlinear dynamic analysis soft- = world examples combined
ware that's as easy to use as regular linear stress analysis while = With

oroviding advanced solution technology. Its ease-of-use, — Stations. See Accupak/VE
affordability, and compatibility with Pentium computers and i action. CD includes a
mainstream CAD systems make Accupak/VE ideal for everyday & Somplete
angineering. Engineers can learn it quickly and easily with the m elbiciaion
help of Docutech-Technical Documentation On-line Information software you can try.
Resource.

You have 4 ways to get your free demo video and CD-ROM:
£ 1) Call: +1 (412) 967-2700 3) E-mail to: info@algor.com
LIRSS LRSI 2) WWW.ALGOR.COM 4) Complete this form and fax to:

*ALGOR.

Download
Uperdraw il | Fax

|
I
I
i
+1 (412) 967-2781 : = .
‘ i When the Engineering
¥ Name Company | Has to be Right
! Algor, Inc
oot ! 150 Beta Drive, Piftsburgh, PA 15238-2932
City State/Prov. Zip/Postal Code . Efone:ia s (4312) 967-2700
: Fax: +1 (412) 967-2781
Country Telephone i California: +1 (714) 564-0844
|
I

Europe (UK): +44 (1) (784) 442 246
E-mail: info@algor.com
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BY ENABLING COMPANIES LIKE YOURS TO
{ Introducing Mechanical Desktop® 2.0, how more design

© Copyright 1997 Autodesk, Inc Autodesk, Mechanical Desktop and the Autodesk logo are registered trademarks of Autodesk, Ine. "Design Your World” is a trademark of Autodesk. Inc: All other trademarks
HInes
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Everyone wants a shorter product-
to-market cycle. That's why tens
of thousands of engineers have
already made Mechanical Desktop
the best selling PC-based 3D
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

PRODUCE DESIGNS LIKE THESE.

) j : have all the benefits of feature-based
professionals are moving to 3D modeling./

parametric solid modeling, NURBS
surface modeling, assembly modeling,
associative drafting, as well as DWG

/
ﬁ% <G/4(';‘

- 4

N Autodesk. <-

“o R %

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 #3467 or get
infurmaliun on education discounts.

And visit www.autodesk.com/s467
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Simple external connections
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NASA

Team

Commercial
Technology

NASA’s Technology Sources

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

Ames Research
Center

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

Human Factors.
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@louie.dfrf.
nasa.gov

Goddard Space
Flight Center
Selected techno-
logical strengths:
Earth and
Planetary
Science
Missions; LIDAR;
Cryogenic
Systems;
Tracking;
Telemetry;
Command.
George Alcorn
(3017) 286-5810
galcorn@gsfc.
nasa.gov

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

Merle McKenzie
(818) 354-2577
merle.mckenzie@
ccmail jpl.nasa.gov

Johnson Space
Center
Selected techno-

logical strengths:
Artificial

Intelligence
and Human

Computer
Interface;

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

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

Kennedy Space
Center

Selected techno-
logical strengths:
Environmental
Monitoring;
Sensors; Corrosion
Protection;
Bio-Sciences;
Process Modeling;
Work Planning/
Control;
Meteorology.
Gale Allen

(407) 867-8035
galeallen-1@
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
Jj.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
National Technology
Transfer Center
(800) 678-6882

Ken Dozier

Far-West Technology
Transfer Center
University of Southern
California

(213) 743-2353

Dr. William Gasko Gary Sera Chris Coburn
Center for Technology Mid-Continent Great Lakes Industrial
Commercialization Technology Transfer Technology Transfer
Massachusetts Center Center
Technology Park Texas A&M University Battelle Memorial
(508) 870-0042 (409) 845-8762 Institute

(440) 734-0094
J. Ronald Thomnton Lani S. Hummel
Southern Technology Mid-Atlantic Technology
Applications Center Applications Center
University of Florida University of Pittsburgh
(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.hq.nasa.gov to search NASA technology resources, find commercialization opportunities,
and learn about NASA's national network of programs, organizations, and services dedicated to tech-
nology transfer and commercialization.

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.hg.

nasa.gov

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

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: hitp://www.cosmic.uga.edu or service@cosmic.uga.edu.
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modularity and flexibility are big

} ideas. So we design Kingston®
storage enclosures for optimum growth and

custom configuration. Of course, compatibility

is critical, too. [

www.klngston.comlnon;eI
Thats why we

are implementing a certification program with

acturers,

all the major drive and controller mar

including Adaptec? CMD! DPT® Mylex?®

Quantum?® and Seagate® Want 1o make

configuring custom storage systems

as easy as childs play? Just call

The industry$

(800) 259-9370. Or visit our Web site
longest warranty

at www. kmg.smn com/storage

Kingston
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From image processing to
mathematics, LabVIEW
analysis add-ons improve
your productivity.

LabVIEW Analysis Add-Ons

* IMAQ™ Vision for image
processing

* Signal Processing Suite

¢ Fuzzy Logic Control Design Toolkit

* Wavelet and Filter Bank Design
Toolkit

* Digital Filter Design Toolkit

* PID Toolkit

* G Math Toolkit for advanced
mathematics and numerical
analysis

Call today for a FREE

NATIONAL
INSTRUMENTS'

The Software is the Instrument®

U.S. Corporate Headquarters

Tel: (512) 7940100 o Fax (512) 7948411
info@natinst.com * www.natinst.com
Worldwide network of direct offices and distributors.

© Copyrignt 1997 National Instruments Comporation. All rdights
reserved. Product and company names listed are trademarks
or trade names of their respective companies.
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el ENTS

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

Scalable Wrap-Around
Shuffle Exchange Network
with Deflection Routing
(U.S. Patent No. 5,617,413)

Inventor: Steve P. Monacos,
Jet Propulsion Laboratory

Current optical communications net-
works typically operate at a single fre-
quency in a ring or bus topology. As
computational and communications
demands increase, such networks are
inadequate to handle future require-
ments. This invention is a communica-
tion network including plural crossbar
nodes, first apparatus for connecting the
nodes in a first layer of links, and second
apparatus for connecting the nodes in a
second layer of links independent of the
first layer. The network may further
include third and fourth apparatuses
connected similarly. Each layer is con-
nected to the other at each one of the
nodes. Preferably each layer corresponds
to one recirculating network topology
that closes in on itself. In the preferred
embodiment, the network topology of
each of the layers is that of a cyclic shuf-
fle exchange network wherein the first
and second layers include first and sec-
ond rings of the connecting links.

For More Information Circle No. 765

Lightweight Ceramic
Compositions of Carbon,
Silicon, Oxygen, and Boron
(U.S. Patent No. 5,618,766)

Inventors: Daniel B. Leiser, Ming-Ta
Hsu, and Timothy S. Chen,
Ames Research Center

The researchers have produced a
lightweight monolithic ceramic composi-
tion of carbon, silicon, oxygen, and
boron that is able to retain its shape and
strength when exposed to an oxidizing
environment at 1200 °C, using a sol-gel
method. The method comprises coating
a carbon substrate with a sol that mixes
silicon alkoxides and a borate ester, such
as di- and tetrafunctional siloxanes and
boron alkoxide, gelling the sol and heat-
ing the coated carbon substrate in an
inert atmosphere to form the ceramic.
Lightweight, highly oxidation-resistant
ceramic tiles suitable for use in advanced
space vehicle applications have been

made by impregnating a porous carbon
preform with the sol, followed by gela-
tion, drying, and pyrolysis.

For More Information Circle No. 766

Series Connected Converter
for Control of Multi-Bus
Spacecraft Power Utility

(U.S. Patent No. 5,623,398)

Inventors: Raymond F. Beach and
Andy Brush, Lewis Research Center

Spacecraft often use power from a solar
array to charge a battery and supply loads
through a regulating converter. Power
from the battery is supplied to high- and
low-voltage buses through separate con-
verters processing all of the power to the
buses. But processing full power gener-
ates substantial losses, taxing cooling sys-
tems and requiring cooling to be sized for
relatively high peak loads. The present
invention provides a power system using
series-connected regulators employing a
bypass loop around a DC-DC converter.
The loop connects a hot input of the con-
verter to a return output, preferably
through an inductor. Part of the current
from the source passes through the bypass
loop to the power bus. The converter
bucks or boosts the voltage from the
source to maintain the desired voltage at
the bus. Thus only part of the power is
processed through the converter.

For More Information Circle No. 767

Three-Dimensional
Co-Culture Process
(U.S. Patent No. 5,627,021)

Inventors: Thomas J. Goodwin and
David A. Wolf, Johnson Space Center

The process of the present invention co-
cultures a variety of cells to produce tissue
that has three-dimensionality and some of
the characteristics of in vive tissue. It forms
and maintains three-dimensional tissue of
such a size as to create a multicellular
organoid differentiation model. The co-
culturing process optimizes a group of cul-
ture environmental conditions, even as
the culturing progresses, in a manner that
greatly enhances the capability to form
and maintain three-dimensional living tis-
sue from either dissociated source cells or
intact tissue resections.

For More Information Circle No. 769
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SIMULINK 2
STATEFLOW

Now—combine dynamic and event-driven
simulation in a single, integrated environment

New Simulink features:

* Triggered and enabled subsystems for multimode operation

State-of-the-art solvers provide
extremely accurate simulations
—including event crossings.

¢ State-of-the-art solvers for extreme accuracy

* Intuitive block diagram editor, signal labels, and a powerful
new Scope block

* Automatic C code generation with Real-Time Workshop®

* Direct access to the MATLAB® 5 development environment,

including tools for control system and DSP design, extensive
graphics, and user definable data structures and objects

Available Now!
Call 508-647-7000

To find out more about Simulink 2, Stateflow, and Real-Time Workshop, call now and
request KP171 to receive your special Simulink 2 edition of MATLAB News & Nofes.

hitp:/ /www.mathworks.com/ntb

Conditionally executed systems
offer modeling and simulation of
multiple control modes.

For more information on our Connections OEM/VAR program, visit our Web sife Simulink 2 is built on MATLAB'S,
SR RPN o o S DR ST T25). ol it et
The and application development.
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There are
a ton of reasons

o use Vespel just
about anywhere.

The reasons to use Vespel” polyimide parts and hapes 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® shoul
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 ofgaulomobile
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.

Thrust
Devices.

Vespel® grades allows

Thrust Washers. 6

R 3 e - manufacturers
In construction equipment transmissions, Vespel 10 specify the
thrust washers reduce costs and manufacturing time properties they
by eliminating the need for secondary machining. siced ooat

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,

vhich eliminates machining costs.
When you consider how cost-effective

/espel® parts can be in the long term,

t’s clear that we don’t just make better

yushings, bearings, washers and seals.

Ve make better sense.

vww.dupont.com/enggpolymers

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

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.

Insulators. Q

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.

-

Stripper Fingers.
Thankslpogﬂehigh lempeglurc
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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Guest Editorial

by Carl Ray,

Small Business

Innovation Research/
Small Business Technology
Transfer (SBIR/STTR)
Executive

Small Business: Vital Link to NASA's Future

As the new millennium dawns, NASA faces challenges as
well as opportunities that our parents and grandparents only
dreamed about. Across the nation, NASA scientists and engi-
neers are performing the research and development
required to maintain United States leadership in civil aero-
nautics, aviation, and space exploration, and, at the same
time, continuing our strong customer focus particularly with
regard to developing and maintaining NASA-industry part-
nerships.

NASA achievements continue to inspire and encourage a
new generation of innovators who will lead our nation
through the next century. To accomplish our goals, NASA
must generate greater yields on the investments made by the
citizens of this nation; this
requires continuous changes

focuses on translating U.S. leadership in basic research and
many areas of applied science into an economic advantage.

The SBIR/STTR programs are both designed to allow
small businesses and research institutions to participate in
the nation’s annual multi-billion-dollar investment in R&D.
The aim of an SBIR/STTR-funded project is to produce new
technologies that have high commercial potential and will
advance U.S. growth in productivity and international mar-
ket competitiveness.

Starting with this issue of NASA Tech Briefs magazine, the
NASA SBIR/STTR management embarks on an innovation
of their own to share the excitement and opportunities of
these two programs with the broader technical community.

In this and periodically in
following issues, you will

in the way NASA and its fam-
ily of contractors do busi-
ness. Many of these changes
are underway. The primary
objective of these changes
has been to reduce the tax-
payer dollars required to
carry out NASA programs,
but a secondary goal is to
increase the opportunities
for the small-business com-

Small businesses are on the
cutting edge of technology,

and their bold and aggressive
approaches to innovation clearly
mirror NASA’s spirit.

learn more about NASA’s
SBIR/STTR programs.
There will be articles on
program participation and
events, but most important-
ly, briefs from successful
small businesses describing
aspects of their technical
and commercial accom-
plishments resulting from
their participation in these

munity to be part of the
NASA effort by providing it
with greater flexibility and facility in its innovation efforts,
with less bureaucratic burden. The SBIR/STTR programs
are one of NASA’s vehicles to accomplish this objective.

NASA views the cadre of small businesses, including
women- and minority-owned businesses, as a vital link to the
agency’s future. They are on the cutting edge of technology,
and their bold and aggressive approaches to innovation
clearly mirror NASA’s spirit of doing business better, cheap-
er, and faster. We are very excited about the possibilities that
these companies bring to the agency. The SBIR/STTR pro-
grams provide an avenue for small businesses to meet many
of NASA’s research and development needs.

The SBIR program was established by Congress in 1982 to
provide small businesses with increased federal R&D oppor-
tunities. The STTR program, established within the SBIR leg-
islation in 1994, is modeled after its parent program but

20 www.nasatech.com

programs. Two such briefs
appear in this issue:
“Electronically Switchable Bragg Gratings (ESBGs)” (page
42), reporting on work done by Foster-Miller Inc. and moni-
tored for NASA’s SBIR program by Marshall Space Flight
Center, and “Optical Air Mass Flux Sensor for Aeroengine
Monitoring and Control” (page 56), reporting on work done
by Physical Sciences Inc. and monitored by Dryden Flight
Research Center.

We are very excited about the NASA SBIR/STTR “success
briefs” as an addition to this renowned technology digest and
hope that you will share the excitement in reading them.

To learn how to apply for and win SBIR grants and contracts,
attend the 1997 National Small Business Innovation Research
Conferences, to be held in Washington, DC’s Renaissance Hotel
October 14-16 and Phoenix, AZ’s Hyatt Regency October 27-29.
For more information, call the SBIR Conference Center at (360)
683-5742; fax (360) 683-5391; on-line: www.zyn.com/sbir.
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THE FIRST IN AIT
BRINGS YOU THE MOST
ADVANCED IN AIT.

STRIPING MODE , e L D), N P wee A -

maximize performance by COPY/VERIFY MODE
wyiting to multiple tapes copy and verify tapes without
simultaneously tying up the host

INDEPENDENT MODE
write with one drive while you
read with another

CASCADE MODE

write to the next tape without

. . N———. —— manual tape swapping
250 GB. 18 MB/s.

An increasingly storage-centric environment demands more perfor-
mance and flexibility from a subsystem. Perhaps that's why Cybernetics 8mm
tape solutions are at work day and night at thousands of Fortune 500 sites all
over the world. As the first to introduce AIT, we've built the most advanced
solutions around it: the CY-8000 with the Advanced SCSI Processor and our
Multi-Host Libraries.

The CY-8000 is the 3.5" 8mm tape drive that's setting a new
standard with 25 GB tape capacity and 3 MB/s, uncompressed. Add
Ultra SCSI Data Compression to achieve up to 125 GB on each tape

MIRRORING MODE

write duplicate data to multi-
ple tapes, for fault-tolerance
or off-site storag

|
=}

w at speeds of 9 MB/s. With the Advanced SCSI Processor, two or

more of the i i

e ' these drives can.work together in a ponerfuI anc} ——
error specification of less flexible subsystem that gives you freedom to write data five pre—
than 1 in 10" ensure top t — =

reliability and data integrity.  Giiterent ways, depending on your application and site : 2
requirements. In addition to unmatched performance, you'll
like the intelligent design. A built-in head cleaner means you don't
have to waste time and money on cleaning cartridges. Use of AME
media ensures exceptional data integrity and tape life (over 30
years). You'll also appreciate Memory In Cassette, a 64k EEPROM
that keeps a data log on each tape, making it a breeze to find files
fast.

8mm AIT libraries can
Move up to AIT with the leader in AIT - Cybernetics - and  support up fo six drives,

. ] & 5 126 tapes, and 15.75 TB
take advantage of the innovation, plug compatibility, experience,

and support that you won't find anywhere else. Call today at
(757) 833 - 9000 ext. 104

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 Cybernetics Way, Yorktown, Virginia 23693 i
Fax (757) 833 - 9300 B




I icst Systems Help Reduce

Shuttle Costs

Visual Test Systems (VTS)

L3 Communications
Telemetry & Instrumentation
San Diego, CA

619-674-5100

Fax: 619-674-5145

Customized VTS stations rovide a real-time data stream of the
space shuttle’s flight performance.

AlliedSignal Technical Services Corp. has re-engineered NASA's
ground network stations to reduce life cycle costs for the space
shuttle. The upgrade includes five Windows NT-based Visual Test
Systems (VTS), which will be used to develop real-time range safe-
ty data in the laboratory and at the launch site. Three systems will
be installed at the Merritt Island Launch Annex in Florida; anoth-
er will be installed at the Electronic Systems Test Laboratory at
NASA'’s Johnson Space Center in Houston; and the fifth system will
go to the Network Engineering Development Laboratory at NASA's
Goddard Space Flight Center in Greenbelt, MD.

“The VTS met our hard requirements for a commercial off-the-
shelf PC solution that made use of a database for parameter extrac-
tion,” said Ed Richards, implementation group leader at
AlliedSignal. The systems come with a Software Development Kit
that lets NASA customize the system to its requirements. “We need-
ed flexible and reliable telemetry processing capabilities to meet
range safety requirements for the shuttle,” Richards explained.

The VTS is a Windows-based real-time data acquisition system
with an intuitive interface for configuring hardware boards, includ-
ing decommutators, bit synchronizers, MIL-STD-1553 modules,
analog input modules, and digital /analog output modules. Data is
distributed from a server to multiple clients via a network-based
environment. The VTS stations will acquire shuttle data, strip para-
meters, and reassemble them as a serial output range safety data
stream. The real-time data stream will be delivered to NASA's
Range Safety Officers to verify that the vehicle flight performance
remains within the safety environment. Generally, the data will
come from the shuttle’s flight systems and computers, which gath-
er data from the external fuel tank, solid rocket boosters, and main
engines. “The whole idea is to maintain a clear picture of the shut-
te’s flight performance, starting with the ignition sequence,
through powered flight,” said Richards.

For More Information Circle No. 756

B joftware Helps Grab Comet

by the Tail

MuSE (Multidimensional, User-oriented Synthetic
Environment) software

MuSE Technologies

Albuquerque, NM

505-843-6873

http:/ /www.musetech.com

NASA's Stardust mission involves sending a spacecraft the size of

an office desk to loop around the sun twice, collecting interstellar
dust before a rendezvous with the Wild-2 comet in 2004. The space-

ar

craft will pass the comet at 35,000 miles per hour while it collects

comet dust and other debris. The craft will return to Earth with

photos and samples in 2006, arriving home as the first U.S. mission

to robotically obtain samples in deep space for analysis on Earth.
Last year, NASA conducted a rehearsal — in a virtual environ-

ment — of the encounter of the Stardust spacecraft with the comet.
During the mission simulation, MuSE integrated actual data from
previous space probes and technical drawings of the proposed
craft, allowing NASA engineers to “fly” as close as possible to the
comet without leaving the ground. Precision is crucial since the
spacecraft and the comet will pass at right angles, the craft moving
at nine times the speed of a rifle bullet. Critical to the mission is get-
ting close enough to collect significant material, while not being
endangered by the comet’s debris.

With the MuSE software, NASA scientists were able to simulate
approaching the comet from different trajectories and attempt to
get as close as possible. During the simulation, when the virtual
spacecraft flew too close to the comet, mission planners could hear
the sound of objects striking the craft and see the impact of each
“fly by” from different vantage points. MuSE-developed instru-
ments measured changes in particle density and simulated poten-
tial destabilization of the craft.

For More Information Circle No. 757

(Left to right) 1) The Stardust spacecraft is shown in initial orbit around Earth, with cross-sections displayed on the craft wall; 2) the
craft has approached the comet as it moves away from the Sun, with the full encounter running on the side wall; 3) the spacecraft

approaches the comet with its collector extended.

www.nasatech.com
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Take 1t fromconcept

Only Bentley’s comprehensive mechanical engineeﬁng
products do it all in a single system.

MicroStation Modeler®: For creating complete

Here's where it all comes together. Now you can design, document models for design, analysis and manufacturing.

and share your ideas all within a fully integrated environment. So(:;:.bmesﬁ mme::;;;'&f‘:mﬁ:“: nf:e‘;l‘g;ba"d
Bentley has assembled a complete offering of mechanical Especially productive for 2D and 3D models.
engineering products. Products that cover every aspect of Included free—MechanicalDetailer” for integrated
mechanical engineering design, streamlining every step of your ﬁfﬁwii?ﬁﬁffn?ﬁ:ﬁgm?égmgw
workflow. Bentley’s Single Engineering Model helps you move DESIGNER ONE” for state-of-the-art FFE® (Fast
through the product cycle from conceptual design to Finite Element) analysis.

manufacturing, through simulation, analysis, preproduction, MicroStation® MasterPiece™ For spectacular
engineering and manufacturing. When you make changes to your visualization.

design, all components—including documentation—are updated MicroStation® TeamMate™ 96: For document
automatically, virtually eliminating errors and omissions. management.

The Bentley Engineering Back Office™ range of products unites COSMOS/M DESIGNER IT": For structural analysis.
desktop engineering systems with enterprise IT and database ADAMS/MS Mechanisms™: For advanced assembly
systems for information sharing via the Internet. Best of all, our Siaalaioh:

products are scalable to meet the demands of your projects— le PRIT/MS™: For manufacturing and sheet metal

bringing together best-in-class applications into a single,
powerful solution.

Go from concept to final design with Bentley. Call
1-S00-BENTLEY for a free demo CD or visit www.bentley.com

Engineering ‘the 'flturd together

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

MicroStation and MicroStation Modeler are registered trademarks; Engineering Back Office, MechanicalDetailer, MasterPiece, TeamMate, MoldDesign,
“Engineering the future together,” Bentley and the “B” Bentley logo are trademarks of Bentley Systems, Incorporated. COSMOS/M DESIGNER ONE, COSMOSM
DESIGNER 11 and FFE are trademarks of Structurs! Research & Analysis Corp. ESPRIT/MS is a trademark of DP Technology Corp. ADAMSMS Motion and BENTLEY
ADAMSMS Mechanisms are trademarks of Mechanical Dynamics, Inc.  © 1997 Bentley Systems, Incorporated —_

MoldDesign™: For mold base design.
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@ Commercialization Opportunities

Telerobot Control for
Microsurgery

This system scales down the motion
of a surgeon’s hand to a very precise,
smooth movement, which is critical in
operations of the eye, brain, ear, and
face and in the repair of fine blood ves-
sels and nerves.
(See page 46.)

Hydrogen-Fire-Detector
Calibration Unit

A microprocessor-controlled tabletop
unit uses a krypton lamp for testing
hydrogen-fire detectors. It eliminates
the need to ignite hydrogen to run such
tests and is therefore safer.
(See page 46.)

B

Vers’éfile Eyes For Detail

K P- M SERIES
Black and

The Hitachi KP-M Series offers
you a innovative selection of
reliable, high performance, black
and white cameras, one of
which is ideal for your imaging
application and budget. KP-M
cameras are compact,
lightweight, and fully functioned,
with superb sensitivity and
resolution. 2/3",1/12",and 1/3"
CCD sensors are available, as
are right angle or separated
head mounting construction.

Built for exacting imaging

applications, features include
field or frame integration,
external sync, electronic shutter,
and asynchronous reset. All
KP-M Series cameras can be
provided in either EIA (525
lines/frame) or CCIR (625
lines/frame) format. Contact
Hitachi for complete details on
these and other models.

Request Your Free Demonstration '

*Atlanta  770-242-3636
* Chicago 630-250-8050

* Dallas

(= | B WAX® & | B Hitachi Denshi America, Ltd.

817-488-4528
* Los Angeles 310-328-6116

* NewYork 516-921-7200
* Canada 416-299-5900
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Better Cells for Multiple-Pass

Absorption of Light in Gases
Improved cells offer better accuracy,

are smaller, and cost less than earlier

models. These cells are used to analyze

gases via light absorption.

(See page 52.)

Electrochemical Process for
Treatment of Wastewater

Three sequential subprocesses treat
wastewater that contains various propor-
tions of urine, laundry water, and bath
water. Contaminants are reduced to 500
micrograms per liter, a level considered
potable.
(See page 58.)

Modified CVI Process for
Making SiC/SiC Composites

This process utilizes a sacrificial layer
of SiC fiber preform that can be
removed easily by scraping or tapping.
The process eliminates a time-consum-
ing, costlier grinding step.
(See page 64.)

Unsymmetrical Squaraine
Dyes for Nonlinear Optics

Dyes have been invented that can be
used in a variety of optical devices that
exploit nonlinear optical properties to
change frequency and/or polarization of
light in useful ways. Second-harmonic
generators, spatial light modulators, para-
metric oscillators, and some interferome-
ters can benefit from this development.
(See page 65.)

Portable Computer
Workstations for
Engineering Teams

Ergonomic computer workstations
have been designed to allow flexible
office-seating arrangements among
engineers or other workers in ways that
promote the best levels of communica-
tion and collaboration.
(See page 74.)

Rolled-Up Ramp Deploys Itself
on Command

A ramp originally designed for the
Mars Pathfinder can be stowed as a com-
pact cylinder and can be readily
unfurled by its own spring force. The
design can be adapted to serve as an
emergency-exit ramp for buildings, land
vehicles, and aircraft.
(See page 80.)
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Special Focus:

Sensors/Imaging

@ Neural-Network Modules for High-Speed Image Processing

These modules would offer unprecedented computational power in small, low-power packages.
NASA’s Jet Propulsion Laboratory, Pasadena, California

JPL has recently designed, fabricated,
and demonstrated custom ICs for high-
speed image processing. Derived from
highly parallel computing architectures
based on neural network models, these
circuits are implemented with JPL-pio-
neered extremely low-power neuron
and synapse circuit elements. Further-
more, their ultra-low power and high-
speed characteristics are making it possi-
ble for the first time to integrate multi-
ple chips in 3-dimensional (3-D) mod-
ules (sugarcube-sized chipstacks).

Denoted “neuroprocessing modules”
(NPMs), these 3-D packaged devices
would be capable of processing images
at rates of the order of 10" operations
per second. The original NPMs are
intended for military use for recognition
of targets by comparison of features in
infrared images with previously record-
ed images of known targets. Potential
civilian applications for NPMs include
artificial vision, speech recognition, and
autonomous control for robots.

The NPMs offer unprecedented com-
puting ability in small packages. They
include novel high-speed analog circuits
that can operate at temperatures from 77
to 350 K and consume little power. This
combination of high computing speed,
low power, and small size facilitates inte-
gration with other compact, low-power,
high-speed circuitry with which NPMs
would be required to interact.

A typical NPM would consist of 64
identical neuroprocessing chips and

would process the analog outputs (each
containing 8 to 12 bits of information)
from a 64 x 64 array of infrared pho-
todetectors. Thus, for example, an NPM
chip would include a 64 x 64 synaptic
array plus a multistage crossbar switch,
digital logic circuits, and input/output
(I/O) pads (see figure). During each
frame cycle, the image information
embodied in the

Sauders of Irvine Sensors Corp. for NASA’s
Jet Propulsion Laboratory. For further
information, access the Technical Support
Package (TSP) free on-line at wuw.nasatech.
com under the Electronic Systems category, or
circle no. 124 on the TSP Order Card in this
issue to receive a copy by mail ($5 charge).
NPO-19881
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A Typical NPM would be no larger than a sugar cube, yet it would contain
integrated circuitry capable of processing the output of a 64 x 64 array of
infrared photodetectors at a rate of 1,000 frames per second.

3 Reconstruction of Images From Circular-Scan Sensors
Images can be reconstructed faster than before.
NASA’s Jet Propulsion Laboratory, Pasadena, California

An improved algorithm for recon-
structing images from the outputs of cir-
cular-scan sensors has been devised.
With relatively minor variations, the
algorithm is applicable to data acquired
by diverse circular-scan sensors (see
Figure 1), including those of holograph-
ic synthetic-aperture radar (HSAR), x-
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ray computer-aided tomography (CAT),
magnetic-resonance imaging (MRI),
positron-emission tomography (PET),
and ultrasonic-reflectivity tomography
(URT). It can even be applied to data
acquired by sonar and seismic sensors.
One older algorithm of this type,
known as the convolution back-projec-

www.nasatech.com

tion algorithm, has been popular in
computer-aided tomography because it
offers superior image quality and ease of
adaptation to fan-beam geometry.
Another one, known as the direct
Fourier algorithm, is highly efficient in
computation, but it depends on the use
of a Cartesian coordinate grid and,
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Holographic SAR in Circular Path
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Figure 1. Circular Scans with various sensors generate data that can be processed to reconstruct images of the scanned scenes. The algorithm described in
the text can accommodate these and other sensors and variations of the basic circular scanning geometry.

therefore, its image quality depends on
the interpolation subalgorithm used to
transform the signal spectrum into the
Cartesian coordinates. Moreover, the
direct Fourier algorithm applies to par-
allel-beam CAT only.

The improved algorithm overcomes
the limitations of the direct Fourier algo-

Figure 2. This Image of a Point Target was gener-
ated by applying the improved algorithm in a
computer simulation of HSAR or URT, using a
pulse with a bandwidth of 0.133 x its carrier fre-
quency. The PSF in this image exactly follows that
of Fraunhofer diffraction by a ring aperture.
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rithm and offers a computational effi-
ciency between two and six times that of
the convolution back-projection algo-
rithm. Before images are formed, all
computations are performed in polar
coordinates. Polar-to-Cartesian transfor-
mation is finally applied to the recon-
structed image for image display pur-
pose. Based on the circular symmetry,
this algorithm performs fast Fourier cor-
relation in the azimuth dimension.

The reference functions used in the
improved algorithm are the amplitude-
weighted two-dimensional spectra of the
point-target responses (PTRs). [A PTR
can be regarded as an extended or
“blurred” version of a conventional
point-spread function (PSF). The PTR is
the PSF-blurred-curved-line response
obtained from a point target imaged by
a wide-beam circularscan system like
HSAR.] A reference function is updated
for each range bin to achieve exact
focusing. By choosing proper weighting
functions, this algorithm is capable of
generating an ideal PSF like that pre-
dicted for Fraunhofer diffraction by a

www.nasatech.com

circular aperture (see Figure 2). Further
shaping of the PSF can be achieved by
use of extra weighting. The high com-
putational efficiency of this algorithm is
attributable to the characteristics of the
two-dimensional spectrum of the PTR.

This work was done by Michael Y. Jin of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information, access
the Technical Support Package (TSP) free on-
line at wwuw.nasatech.com under the
Mathematics and Information Sciences catego-
1y, or circle no. 158 on the TSP Order Card in
this issue to recetve 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-19559, volume and number
of this NASA Tech Briefs issue, and the
page number.
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@ Advanced X-Ray Imaging Spectrometer

Increases in sensitivity and resolution are made possible by development of
improved detectors used in conjunction with a coded aperture.

NASA’s Jet Propulsion Laboratory, Pasadena, California

An advanced x-ray imaging spectrom-
eter (AXIS) with electronic readout fea-
tures high sensitivity with high spatial
and spectral resolution. Prior to this
innovation, to perform x-ray imaging
and x-ray spectroscopy, it has been nec-
essary to use separate instruments, so
that it has been difficult or impossible to
associate x-ray spectra with x-ray image
features. Furthermore, prior photo-
graphicfilm and electronic x-ray-imag-
ing instruments have yielded poor spa-
tial resolution and required long expo-
sure times (because of low sensitivity).
Offering a capability for sensitive, high-
resolution imaging with fine spec-
troscopy within each pixel, the AXIS
opens new possibilities for x-ray observa-
tions in astrophysics, laboratory
microscopy, industrial inspection, and
medicine.

The image plane in the AXIS consists
of electronic circuitry in a 1,024-by-1,024
array of pixels containing x-ray photode-
tectors and on-pixel readout circuits.
The detector array is made from high-
purity, deeply depleted silicon. The
deeply-depleted characteristic results in
high sensitivity to x rays at photon ener-
gies up through 40 keV. The use of high-
purity silicon with on-pixel circuitry
results in low leakage current and low
noise, enabling fine spectroscopy at or
near room temperature. In circuitry out-
side the image plane, the outputs of the
on-pixel preamplifiers are further ampli-
fied, then digitized.

To achieve high spatial resolution for

imaging, it is necessary to modulate the
incoming x rays. For this purpose, the x
rays pass through coded aperture (see
figure). The coded aperture is fabricat-
ed from gold using semiconductor-pro-

3 X Rays

feiig

in Image Plane

Coded Aperture spatially modulates the inci-
dent x rays. The aperture pattern is designed so
that the resulting pattern of x-ray intensity on
the image plane can be deconvolved to extract
an image of the x-ray source.

cessing techniques. [Such use of coded
apertures to produce spatial modulation
for imaging was described previously in
“Gamma-Ray Imager With High Spatial
and Spectral Resolution” (NPO-19140),
NASA Tech Briefs, Vol. 20, No. 2
(February 1996), page 49 and “Gamma-

Ray Imaging With Two-Dimensionally-
Coded Apertures” (NPO-19331), NASA
Tech Briefs, Vol. 20, No. 11 (November
1996), page 4a.] The digitized pixel out-
puts are sent to a computer. Using a
deconvolution algorithm based on the
known geometric relationships among
the x-ray source, the coded aperture,
and pixels, the computer reconstructs
an image of the x-ray source from the
digitized detector pixel outputs with a
spectrum associated with each image
pixel. The spatial resolution of the
image can be increased (trading field of
view) by increasing the distance, L,
between the aperture plate and the
image plane.

This work was done by John L. Callas and
George A. Soli 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 Physical Sciences category, or circle
no. 188 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-19663, volume and number
of this NASA Tech Briefs issue, and the
page numben.

< Digital Video System Images Damaged Gears During Operation
The progression of damage can be documented more quickly, thoroughly, and easily.

Lewis Research Center, Cleveland, Ohio

A high-speed digital video imaging sys-
tem captures still images of individual
teeth on gears meshing at high speed on
a gear-test rig. Each geartooth image
documents the progression of the wear,
pitting, spalling, and fractures that lead
to overall gear failure. Heretofore,
images documenting gear failure were
acquired only during post-test analysis
and thus did not provide real-time study
of the degradation that leads to failure.
The high-speed digital imaging system is
integrated with another system that mea-
sures vibrations and processes the mea-
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surements to detect indications of dam-
age. Analysis of the geartooth images
coupled with vibrational data acquired
at the same time should make it possible
to better classify vibrational signatures
according types and degrees of damage
and to improve understanding of the
events that lead to failure.

The imaging system (see figure)
includes a digital video camera aimed at
passing gear teeth. The system is located
in a darkened room. Illumination is
provided by a fiber-optic-coupled stro-
boscope with a 5-ps pulse duration,

www.nasatech.com

which is brief enough to capture images
without noticeable blur at typical gear
speeds. A magnetic probe senses the
rotation of the gear and generates a
once-per-revolution pulse. A shaft-
angle-encoder circuit divides the once-
per-revolution pulses into pulses at
smaller intervals corresponding to the
passage of individual gear teeth in front
of the camera. A frequency divider
processes the gear-tooth-passage pulses
into stroboscope-trigger pulses at inter-
vals long enough to ensure that only
one flash occurs during the camera
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TYPICAL IMAGE SHOWING DAMAGED GEAR TEETH

Magnetic
Sensor

Fiber-Optic
Cable

Computer

IMAGING SYSTEM

Digital Video Camera

The High-Speed Digital Video Imaging System captures still images of gears meshing at high speed. The system will aid studies of gear damage and the
development of techniques for vibration monitoring to detect incipient damage. In comparison with film-based photographic imaging systems, this system
provides for easier viewing and storage of data; it gives immediate visual feedback and there is no need for costly and time-consuming film processing.

integration time of 1/30 second.

The imaging system operates auto-
matically, under control by a computer
that runs special-purpose software.
Each time the computer in the vibra-
tion-measuring system determines that
vibrations have exceeded a threshold
level, it signals the computer in the
imaging system to begin a sequence of
operations to acquire images of gear
teeth. For each tooth, the camera is
turned on for its integration time; dur-
ing that time, at the instant when the
designated tooth passes in front of the
camera, the stroboscope is flashed to
produce a single-exposure still image of
the tooth. The images are stored in the
frame-grabber memory. This process is
repeated until images for all the gear
teeth have been acquired, then they are
transferred to a hard disk in the com-
puter. The computer then resets, and

the system awaits the next signal from

the vibration-measuring system.

This imaging system is potentially
adaptable to numerous other applica-
tions in which there are requirements
for automatic acquisition of images of
moving objects or of events that mani-
fest themselves only during rapid
motion. Examples of potential uses
include the following:

* Inspection during bottling processes
to verify fill levels and capping;

* Detection of improperly mounted or
missing electronic components or
detection of missing automotive compo-
nents during manufacturing operations;

¢ Detection of stamps and preliminary
sorting in postal operations;

* In banking, tracking bundles of checks
and detecting checks out of order,
and/or identifying stacks of money
short in their amounts;

® In printing, imaging the product to
detect defects without shutting down
for false alarms; and

* Inspecting power-generation and man-
ufacturing machinery during opera-
tion to identify troubles that cannot be
seen when the equipment is shut down.

This work was done by James J. Sims and
Howard Broughton of Cortez III Service Corp.
for Lewis Research Center. For further infor-
mation, access the Technical Support Package
(TSP) free online at wwuw.nasatech.com
under the Electronic Systems category, or circle
no. 175 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-16345.

& Image-Analysis System Tracks Objects

A tedious manual image-analysis process has been automated.

Lewis Research Center, Cleveland, Ohio

A personal-computer-based image-
processing system digitizes video or
film images and then performs various
forms of motion analysis by tracking
objects and/or features. The system

32

was designed specifically for analysis of
the types of images found in micro-
gravity combustion and fluid experi-
ments; the object and/or features to be
tracked can include flame fronts, parti-

www.nasatech.com

cles, droplets, and fluid interfaces.
Since this is not a real-time tracking sys-
tem but a post-analysis tracking system,
the image sequences to be analyzed
have been previously recorded on a

NASA Tech Briefs, October 1997
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standard photographic movie film or
video tape. Digital image input in the
form of image files can be also accept-
ed. The system automates what has
previously been a tedious, time-con-
suming image-analysis process in
which a technician or a scientist visu-
ally examined and manually took
measurements directly from a dis-
played image, repeating this process
until all the image frames were ana-
lyzed.

The system (see figure) consists of
individual hardware components
working under computer control to
achieve a high degree of automation.
The most important hardware compo-
nents include 16-mm and 35-mm film
transports, a high-resolution digital
camera mounted on a x-y-z microposi-
tioning stage, an S-VHS tapedeck, a
Hi8 tapedeck, a video laserdisk, and a
framegrabber. All of the image-input
devices are remotely controlled by a
computer. Software, called Tracker
was developed to integrate the overall
operation of the system, including
device frame incrementation, grab-
bing of image frames, image process-
ing of the object’s neighborhood,
locating the position of the object
being tracked, and storing the coordi-
nates to a file. This process is per-
formed repeatedly and automatically
until the last frame is reached. Several
different tracking methods are sup-
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The Computer Analyzes Image Data from any of several playback units, which it controls. Special-pur-
pose software tracks moving objects and/or features in video or photographic image frames.

ported, including threshold reduc-
tion, template matching, and a spline-
based active contour model method.
The types of data obtained from
Tracker are positions, velocities, area
measurements, centroids, object out-
lines and shapes, time sequences of
line profiles, 3-d areas, intensity and
color characteristics, and size mea-
surements, all as a function of time.
The data are presented in a format
ready for graphing or further analysis
via other packages.

Optionally, the system can be oper-
ated in a semiautomatic mode, in
which the user manually locates an
object by using a mouse to move a
crosshair on the display. All other
steps are performed as in the auto-
matic mode.

This work was done by Robert B. Klimek
and Ted W. Wright of Lewis Research
Center and Robert S. Sielken of Trinity
University. For further information, access
the Technical Support Package (TSP) free
on-line at www.nasatech.com under the
Electronic Systems category, or circle no.
167 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-16420.
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, Swept-Frequency Fiber-Optic Readout From Multiple Sensors
Readouts from individual sensors are distinguished by frequency rather than by

pulse-travel time.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A technique of frequency-domain
reflectometry has been devised for
obtaining readouts from multiple sen-
sor transducers that (a) reflect light to
degrees indicative of quantities that
one seeks to measure and (b) are con-
nected to, and located at various posi-
tions along, an optical fiber. In this
technique, a beam of light that inter-
rogates the sensors is amplitude-mod-
ulated at a radio frequency that is
swept linearly. The beam is launched
into the fiber from an input end, trav-
els to the various transducers, and is
reflected back to the input end (see
figure). As explained in more detail
below, the modulation in the light
reflected back to the input end can be
decomposed into frequency compo-
nents — a separate frequency compo-
nent associated with each transducer
— and the amplitude of each compo-
nent can be taken as an indication of
the quantity sensed by the corre-
sponding transducer.

This technique offers advantages
over time-domain reflectometry as
applied to such an array of sensors. In
time-domain reflectometry, one would
interrogate the transducers by use of a
pulsed beam of light in order to dis-
tinguish the returns from the individ-
ual transducers in terms of their indi-
vidual round-trip pulse-travel times.
The pulses would have to be short
enough and the sensors would have to
be located far enough apart, consis-
tent with the pulse duration, so that
pulses returned from different sensors
did not overlap. Thus, time-domain

reflectometry would entail restrictions
on both the placement of transducers
and on pulse durations. Shorter pulses
contain less energy than do longer
pulses and thus necessitate longer sig-
nal-averaging times to obtain ade-
quate measurement sensitivity at low
signal levels. Long averaging times are
not acceptable in many systems in
which real-time or nearreal-time
responses are required; for example,
in process-control applications. In the
present swept-frequency technique,
the minimum acceptable distance
between sensors is much less than in
time-domain reflectometry. Moreover,
the averaging time needed to achieve
a given level of sensitivity is less than in
time-domain reflectometry.

Suppose that the interrogating beam
of light is amplitude-modulated by a
sinusoid of swept angular frequency
o(f) = oy + at, where ¢ is time as mea-
sured from the beginning of the fre-
quency sweep, @ is the initial angular
frequency, and o is the frequency-
sweep rate. Suppose that the light
reflected back to the input end of the
optical fiber is fed to a photodetector,
the output of the photodetector is
mixed with a replica of the modulating
sinusoid, and the output of the mixer
is low-pass-filtered so as to retain only
the difference-frequency mixer out-
put. It can be shown that the resulting
output signal is given by

N
Sout (1) = Y, Bycos[, (@, +at)]
n=1

where B, is proportional to the ampli-
tude of the reflection from the nth sen-
sor and 7, is the round-trip propaga-
tion time for the optical signal travel-
ing from the input end to the nth sen-
sor and back to the input end.

Thus, the outputsignal component
representing the reflection from the
nth sensor is a sinusoid of amplitude
B, and frequency at,. By taking the
Fourier transform of S, (#), one can
obtain its frequency spectrum and
thereby extract the amplitude of the
reflection from each sensor. Inci-
dentally, the measured frequency of
each component can be used to refine
the estimate of the round-trip propa-
gation delay for each sensor.

This work was done by George F. Lutes and
Xiaotian S. Yao of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at wwuw.nasatech.
com under the Electronic Systems category,
or circle no. 192 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
Jfor 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-19725, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.
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The Propagation Delays of the Reflections from the various sensors along the optical fiber result in differences between the phase of swept-frequency mod-
ulating signal and the phases of the modulations in the reflections. These phase differences are accompanied by frequency differences that can be exploit-
ed to identify and measure reflections from individual sensors.
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@ Sensors/Imaging

SICK Optic-Electronic, Eden Prai-
rie, MN, offers a line of inductive
sensors that includes inductive
proximity, magnetic proximity,
and magnetic cylinder sensors fea-
turing noncontact operation. The
inductive proximity sensors, de-
signed to detect metallic objects,
come in shielded and non-shield-
ed versions with shielded

maxi-
mum sensing ranges to 15 mm and non-shielded ranges to 60 mm.
Housings in ABS plastic, brass, and stainless steel come in threaded
cylinder, smooth barrel, or cubical shapes.

The magnetic proximity sensors, in brass or plastic housings, offer
sensing distances to 70 mm and can detect magnetic objects through
non-magnetizable materials. Magnetic cylinder sensors are designed
for position sensing in pneumatic cylinders. Fully electronic, they
detect any magnetic ring in the piston through aluminum, brass, or
stainless steel housing walls.

For More Information Circle No. 736

The CRX-3D microtomography x-ray
inspection system from CR Technol-
ogy, Laguna Niguel, CA, generates
slice-by-slice 3D images of integrated
circuits, components, hybrids, and
other devices, bringing out hidden
properties or defects. Faults detected
include miswires, opens, shorts, and
voids in flip chip, fine pitch, and
BGA packages. The x-ray sources
offer levels to 160 Kev and focal spot
sizes less than 2 microns.

The system’s holding fixture rotates the component through 360°
while the imaging camera takes individual video frames. The software
then uses the digitized images to reconstruct the interior of the com-
ponent and allows the user to view it from multiple perspectives. The
system comes with a tomographic indexing stage, image processing
computer, and a 17" SVGA monitor.

For More Information Circle No. 726

The OG Series photoelectric
sensors from efector, Exton,
PA, feature automatic micro-
processor setup in an 18-mm
body size. The sensors are
available with an infrared LED
or laser diode light source.
Infrared LED units are avail-
able as thru-beam pairs, as
retroreflective sensors with
polarizing filters, and as dif-
fuse reflective models; laser models are available in three thru-beam

versions, two retroreflective versions, and a diffuse reflective version.

The sensor bodies are molded as single units, including windows
for LEDs and pushbuttons. They feature a variety of ranges and min-
imum target sizes and are available as three-wire DC units.
Installation and alignment of the sensors is achieved with a mounting
bracket and right-angle mirror adapter.

For More Information Circle No. 733

DEA-Brown & Sharpe, North Kings-
town, RI, offers the VENTO high-
speed direct computer-control hori-
zontal-arm measuring machine that
performs dimensional inspection of
thin-walled parts such as automobile
parts and subassemblies; dimension-
al inspection of prismatic parts;
automatic and manual verification
of freeform surfaces; continuous
scanning operations for die and
mold copying; and marking-out operations.

It has a measuring range of: X-axis 3000 to 12,000 mm; Y-axis 1400
to 1600 mm; and Z-axis 2000 to 2400 mm. Dual opposing machines
can work together to cover larger areas. The machine is available in
console and runway configurations. It can be equipped with PC-
DMIS™ for Windows geometric measurement software, and comes
with various electronic touch trigger and analog probes, heads, and
automatic probe changers.

For More Information Circle No. 729

The Series 200 wire-wound
RTD temperature sensors
and transmitters from
Burns Engineering, Minne-
tonka, MN, is available
with Windows-based soft-
ware that allows the user
to configure their own
RTD assembly. The wire-
round design features a

coil suspension construc-
tion technique in which the element is coil-wound with platinum
wire to minimize stress.

Each coil is suspended in a high-purity ceramic insulator and sur-
rounded by a ceramic powder for shock and vibration resistance with-
out affecting the coil’s ability to expand and contract. A proprietary
method is used to form the metallurgical bond between the element
leads and the internal sheath leads.

For More Information Circle No. 730

The Schaevitz™ LVIT-Z linear
variable inductance trans-
ducer from Lucas Control
Systems, Hampton, VA, were
designed for applications
with limited space and can
be configured for a variety of
linear measurement applica-
tions. The transducer fea-
tures accuracy of 0.5% non-
linearity over the full stroke.
It integrates the sensor with the conditioning electronics on the same
board for unit-to-unit interchangeability.

The unit features DC in-DC out, ratiometric, unipolar or bipolar
outputs, and a duty cycle output for direct interface with micro-
processor controllers. Output can be scaled to 90% of the input volt-
age. The transducer can be configured and packaged to customer
requirements.

For More Information Circle No. 735
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@ Sensors/Imaging

Cambridge AccuSense, Shirley,
MA, has announced the AVS-
Universal Series thermistor-based
transducers that measure ultra-low
air velocities covering a range
from 0-100 fpm full scale to 0-1000
fpm. The output is linear with
velocity. The transducers feature a
standard response time of about
100 ms, accuracy of +3% of full
scale at room temperature, and
solid-state construction.

A bi-directional version pro-
vides a positive or negative read-
ing, depending on airflow direc-
tion. The unit is powered by 12-24V DC or AC, with output choices
of 0-5V, 0-10V, or 4-20mA. Mounting hardware is included, and the
units are housed in black, anodized aluminum with a 12.5" stainless

steel probe.

For More Information Circle No. 731

Cognex Corp., Natick,
MA, offers the Cognex
8000 Series™ machine
vision system that fea-
tures PatMax™ image
analysis software. The
8000 Series hardware
platforms plug directly
into the PCI bus of stan-
dard Pentium MMX"™
computers. The series
includes products rang-
ing from the 8100 basic
model to the 8400, which incorporates a digital signal processor.

The PatMax software locates and inspects objects, features, and
wafer and die patterns that change the way machine vision systems
work. It can detect if pieces of the image are missing or if there are
extraneous pieces present. For semiconductor and electronics appli-
cations, the software can locate and align 300-mm semiconductor
wafers before probing, metrology, inspection, and bonding.

For More Information Circle No. 727

VisionBlox 2.1 machine
vision software from
Integral Vision, Farm-
ington Hills, MI, fea-
tures optical character
verification and polar
unwrap tools. The soft-
added into
Microsoft’s Visual Basic
or Visual C++ program-
ming  environments,
and allows users to

ware is

acquire and grab live images with only two lines of code. The 32-bit
software can be paired with a PCI frame grabber for image processing.

The program includes a Read Tool that verifies properly printed
text in an image and an Unwrap Tool that unwraps a donutshaped
region of an image so the software can perform character verification
or recognition.

For More Information Circle No. 728

Banner Engineering Corp.,
Minneapolis, MN, has in-
troduced the Q45U Series
ultrasonic sensors that are
available in switched (digi-
tal) or analog versions.
The 12-24V dc piezoelec-
tronic units feature micro-
processor-controlled,
pushbutton setup of sens-
ing limits from 100 to 1400 mm. A long-range model allows sensing
from 25 to 390 mm.

LEDs continuously display programming and operating status, as
well as the relative position of the target within the sensing window.
Program storage cards allow window limit programs to be set and
stored on circuit cards that slide into the units. The sensors can be
wired directly to an external switch, controller, or computer to set
window limits. Parallel microprocessors provide immunity to electri-
cal and acoustic noise.

For More Information Circle No. 725

Cherry Electrical Products, Waukegan,
IL, has introduced the HE-6150/6151/
6152/6154 Hall Effect geartooth sen-
sor modules that directly sense rotat-
ing ferrous gear-type targets such as
power transmission gears and gear-
based shaft encoders. They can sense a
range of tooth sizes and airgaps, and
are small enough to be used in space-
constrained applications.

The modules deliver a digital output
signal and do not require additional

signal processing or external electron-
ics. They are designed for installation with the major axis of the
module perpendicular to the direction of target rotation. The HE-
6154 can be mounted with any degree of rotation about its major
axis; the other modules include provisions for mounting at the pre-
ferred angle.

For More Information Circle No. 732

Gordon Products, Brookfield,
CT, has introduced the Model
PC150 and PCA150 flat pack
capacitive sensors that generate a
low-power capacitive field to
detect any material with a dielec-
tric constant higher than 1 (air).
They feature a 5.75" square inter-
nal sensing element, which allows
detection of low-density materi-
als. Both models are provided in a shielded housing for mounting on
grounded metal surfaces.

The Model PC150 has both NPN and PNP, switched outputs, and is
available in a normally open or normally closed configuration. The
PCA150 has an analog output that delivers a linear DC voltage of 1-6
VDC that varies in proportion to target capacity. Both models feature
operating voltage of 10-30 VDC with operating current of 12mA.

For More Information Circle No. 734
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Electronic Components

and Circuits

Q GaAs-JFET-Based Multiplexers for Readout of VLWIR Detectors

A prototype circuit has functioned properly at a temperature of 4 K.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Integrated-circuit multiplexers based
on gallium arsenide junction field-
effect transistors (GaAs JFETs) are
undergoing development for use in
reading out signals from arrays of very-
long-wavelength infrared (VLWIR)
detectors. To minimize thermally
induced electronic noise, elec-

the use of highly isotropic HF:H;O.:H;O
etchants in an etch-back technique for
definition of gates and isolation of
mesas. The isotropy of the etch elimi-
nates sharp edges, thereby reducing
edge electric fields, with consequent
reductions in gate leakage currents.

detector. As the detector integrated
photogenerated electric charge, the
voltage on the detector would change,
and this voltage (the input voltage)
would be applied to the gate of the
source-follower JFET. The common
load transistor at the bottom of the col-

umn would be biased at gate

tromagnetic interference, and

microphonics in future infrared-

sensing instruments, it will be
necessary to eliminate long con-
necting wires between infrared
detectors located on cold heads
and readout circuits located in
warmer compartments; to do
this, one must place the readout
circuits in immediate contact
with the infrared detectors at the
detector-operating temperatures,
which are typically <10 K. To be
suitable for VLWIR-detector
applications, readout circuits
must not only be capable of
operating at low temperatures
but must also feature low noise,
moderately low input capaci-
tances, very low input bias cur-
rents, and low power dissipation.

The selection of GaAs-JFET-
based integrated circuits for
these purposes was prompted by
the following considerations:

* The performances of bipolar-
silicon-transistor circuits and
silicon-]JFET circuits at such
low temperatures are severely
degraded by charge-carrier
freezeout. Silicon metal oxide/
semiconductor field-effect tran-

Column of Pixels

Common
Pixel C"B'“’“"
Source-Follower °YS
JFET
Voo VRST ¢RST

Pixel-Selecting
JFET

Common Load /

Transistor for

x8

potential Viy to form a current
source. When clock potential g,
went high, the pixel-selecting
transistor in the affected pixel
would turn on, connecting the
pixel source-follower JFET to the
current source via the common
column bus; the resultant voltage
on the bus would equal the input
voltage plus a fixed offset volt-
age. The pixel would then be
reset by use of fixed reset poten-
tial Vgsr under control by clock
potential @gsr. The foregoing
process would be repeated,
clocking through each of the
eight pixels in turn, to sequen-
tially read out all eight detectors.

In a preliminary test at 4 K
without any detectors attached,
the prototype circuit functioned
properly and satisfied the
requirements for low noise, low
input bias current (as a result of
low gate leakage), and low power
dissipation. The leakage current
was found to be <1 fA. When the
circuit was biased at a common
load current of 10 pA, the low-fre-
quency noise was dominated by a
component proportional to the
reciprocal of frequency (1/f

sistor (MOSFET) circuits can
operate at temperatures of a
few K, but at these tempera-
tures, they exhibit excessive
noise and other undesired
characteristics.

e Discrete GaAs JFETs had previously
been found to perform well at 4 K.
N-channel GaAs JFETs and associated

circuit elements designed especially for

cryogenic operation can be made
immune to charge-carrier freezeout.

The fabrication of these devices includes

40

A prototype GaAsJFET-based inte-
grated-circuit multiplexer for readout
of an 8 x 1 linear array of VLWIR detec-
tors was designed and fabricated. Each
cell of this circuit (see figure) corre-
sponds to one pixel and its VLWIR
detector. In use, the pad marked “Q,"
would be connected to the VLWIR

www.nasatech.com

This Abbreviated Schematic Diagram illustrates one of eight cells,
plus common column circuitry common to all eight cells, of a
prototype circuit for reading out an 8 x 1 array of VLWIR detectors.

noise) and was of the order of 1
pV/Hz"* at a frequency of 1 Hz.
This work was done by Thomas
Cunningham and Mike Fitzsimmons
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 Electronic Components and Circuits cat-
egory, or circle no. 103 on the TSP Order
Card in this issue lo receive a copy by mail
($5 charge).
NPO-20096
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Q Electronically Switchable Bragg Gratings (ESBGs)

A new microdroplet liquid crystal/polymer composite material offers high efficiency, switchable
holograms for laser beam steering, dynamic focus lenses, and control of fiber optic signals.

Foster-Miller, Inc., Waltham, MA

The use of holograms, Bragg gratings,
and diffractive optical elements is exten-
sive in photonic systems of all kinds,
including displays, spectrographic instru-
ments, optical interconnects, and optical
fiber communications links. A new mate-
rials technology now permits high-quality
Bragg holograms to be realized in an

SOLUTIONS
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MKS builds the most accurate and reliable process gas measurement and control

instrumentation in the world. Bur o our customers, our real products are the solutions our
instruments bring to manufacturing processes. So we build products that are more repeatable,
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tive engineering and design systems, to a solid worldwide engineering, sales and service network
that helps you bring our products together to create a solution. Because when you're in the
business of providing solutions, nothing less than the most complete solution will do.

To find out more about MKS solutions, call us at 1-800-227-8766.

Six Shattuck Road, Andover, MA, USA 01810 Tel: (508) 975-2350 Fax: (508) 975-0093

e-mail: mks@mksinst.com htp://www.mksinst.com ©1997 MKS Instruments, Inc. All rights reserved.

electronically switchable form, transform-
ing passive holograms into active switch-
es. A wide variety of novel applications is
emerging.

The new material, a holographic poly-
mer/liquid crystal composite, was invent-
ed at the USAF Wright Laboratory by
employees of Science Applications

42 For More Information Circle No. 412

International Corporation (SAIC), origi-
nally for the purpose of protecting pilots
from beams. The Foster-Miller
Photonics Division, under the support of
a NASA SBIR program monitored by
Marshall Space Flight Center (solicitation
year 1993), has worked closely with SAIC
and the Air Force to apply this material
for a variety of commercially promising
purposes, including switchable focus
lenses and fiber optic switches and filters.

In the ESBG process shown in Figure 1,
a volume hologram is recorded by poly-
merizing a photosensitive liquid solution
of seven ingredients including liquid crys-
tal, prepolymer, solvents, and photoinitia-
tors by exposure to interfering blue-green
laser beams. This results in a permanent,
high-diffraction-efficiency photopolymer
Bragg grating, whose microstructure is
formed by alternating layers of spatially
distributed =30-nm liquid crystal droplets
interspersed with pure polymer. Trans-
mission gratings with periods of 0.4 pm or
less can easily be recorded, resulting in
large diffraction angles for visible/near-IR
wavelengths. Initially, the liquid crystal
directors inside each slightly elongated
droplet are aligned along the long axis.
By applying an electric field to the film,
the liquid crystal directors can be rotated
inside the droplets, varying their effective
refractive index, until the polymer host
index is exactly matched. Then the grat-
ing effectively vanishes, turning the Bragg
diffraction off, and making the previous
photopolymer hologram into a film of
transparent plastic.

laser

Liquid Solution
(Prepolymer, Liquid
Crystal, etc.)

Expose to Laser
Interference Pattern

Liquid Crystal
Droplets In
Dark Fringes

Stable Volume
Diffraction Grating

Figure 1. One-step Holographic Process to make
ESBG.
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Laser Beam Diverter
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Miller under
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which uses ESBG
films in the opti-

Figure 2. Free-space ESBG Devices.

The result is an electronically switch-
able Bragg grating (ESBG). In practice,
first-order 99-percent diffraction effi-
ciencies can be switched to less than 0.3
percent, for an on/off ratio of 25 to 30
dB, and it appears likely that a 40-dB
dynamic range will be achieved in the
near future. The material has intrinsi-
cally low scattering and absorption, so it
has been possible to stack four or more
layers of ESBG film for multiple diffrac-
tion. In addition, the usual millisecond
speeds of nematic liquid crystals in their
bulk form become substantially faster
due to encapsulation in microdroplets;
20-ps switch-on times and 40-ps off times
have been recorded. However, electric
fields to switch ESBG films must be larg-
er than for simple liquid crystals, about 4
V/pm for films 5 to 20 pm thick.

Figure 2 shows three basic applica-
tions. A switchable transmission holo-
gram ESBG steers a laser beam through
a fixed angle. A fiber optic switch ver-
sion couples to laser signals in fibers.
More complex holograms such as lenses
can also be recorded and switched.

Lens applications are widely useful.
ESBG holographic lenses show the
strong chromatic dispersion characteris-
tic of diffractive lenses. In this case, how-
ever, the focus property can be electron-
ically controlled, promising a new basis
for devices such as an imaging spec-
trometer with no moving parts. Another
technology demonstrated by Foster-

cal lens system to

maintain a small
spot size regardless of the depth of the
read-plane.

The most commercially promising
applications may be in the fiber optic
telecommunications industry. Increased
demand due to Internet and other traffic
has accelerated installation of multiwave-
length networks conveying many high-
bandwidth signals on one optical fiber.
Better methods for selecting signals of
different wavelengths, and for switching
signals from one fiber to another, are
needed. Because of the geometric flexi-
bility of ESBGs, not only free-space beam
steering and lenses but also waveguide
and opticalfiber-based films have been
demonstrated at Foster-Miller. For exam-
ple, Figure 3 shows a fibercoupled Bragg
grating that can select to retain or drop
one wavelength channel from a fiber
transporting 8 or 16 such signals spaced
very closely, 0.8 nm apart at the commu-
nications wavelength of 1550 nm. ESBG
technology also appears to be very inex-
pensive to manufacture, an important
factor in extending broadband fiber
optics to the office building and the
home.

This work was done by Dr. Laurence
Domash and coworkers at Foster-Miller, Inc.,
195 Bear Hill Road, Waltham, MA, working
in collaboration with Dr. Richard Sutherland
and coworkers at Science Applications Inter-
national, under an SBIR contract monitored
by NASA’s Marshall Space Flight Center.
For more information, call (617) 684-4164.
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Figure 3. Switchable Fiber-coupled Bragg Filter.
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Under Windows NT, SL-GMS is integrated
with OLE as ActiveX.

SL-GMS provides PostScript and Raster
printing modes, In addition it can be
configured to generate HTML documents.

SL-GMS supports UNIX (X/Motif) on
SUN, HP, IBM, MIPS, DEC (OpenVMS,
VAX/Alpha, Digital UNIX), Windows
NT (MFC, OLE, ActiveX), SCO, QNX®.

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

Call: 1-415/927-1724

http://www.sl.com

Snce 1984
SL Corporation
Suite 110 Hunt Plaza
240 Tamal Vista Bivd.

Corte Madera, CA 94925
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& Telerobot Control for Microsurgery

Hand movements are repeated on a smaller scale, without tremor.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A telerobotic system for microsurgery
has been designed to reproduce the
motions of a surgeon’s hand on a more
precise scale and with smoother motion
than previously possible. This system can
be used for surgeries on the eye, brain,
ear, and face and in the repair of fine
blood vessels and nerves. The surgeon
holds a handle attached to a master
robot arm and moves it to specify the
motions of a surgical instrument on the
slave robot arm. The surgeon’s hand
motions are scaled down and filtered to
enable precise surgical-instrument posi-
tioning without tremor (see figure).

The master arm measures the position

of the model-tool position in 6 degrees
of freedom (DOF) and reflects forces
with 3 DOF. It measures input position
in increments of 0.001 in. (25.4 pm) in
translation and 0.07° in rotation. The
slave arm has 6 DOF and responds with
movements in increments of 20 pm. The
system provides several modes of con-
trol, and can be switched easily between
modes.
The system includes the following sub-
systems:
® The mechanical subsystem, including
motors, encoders, gear and cable drive
mechanisms, and robot links and
joints;

UNIX Workstation

Encoder Cable

Master Robot

Motor-Control
Cables

Servocontrol
Subsystem

Amplifier

Chassis

Encoder Cable

Small Movements of a Surgeon’s Hand are scaled down to even smaller movements of a surgical tool
at the tip of the slave robot arm. The system removes hand tremor from the control signal, so that
only the desired movement is reproduced in miniature by the slave robot arm.

® The electrical subsystem, including
controller terminal blocks, cables, safe-
ty electronic circuits, and amplifiers;

¢ The servocontrol subsystem, including

a servocontrol circuit board, software,

communication electronics, and shared

memory software; and

* A software subsystem that resides part-
ly in a UNIX host computer and partly
in the servocontrol subsystem and that
implements algorithms for the forward
and inverse kinematics of the slave
robot, algorithms for demonstration
modes of control, and a graphical user
interface.

This work was done by Timothy Ohm,
Hari Das, Guillermo Rodriguez, Curtis
Boswell, Paul Schenker, and Ed Barlow of
Caltech; Eric Paljug of McKinsey & Co.,
Inc.; and Steve Charles of MDS, Inc., for
NASA’s Jet Propulsion Laboratory. For
Sfurther information, access the Technical
Support Package (TSP) free on-line at
wwuw.nasatech.com under the Electronic
Systems category, or circle no. 107 on the
TSP Order Card in this issue to receive a
copy by mail (85 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-19823, volume and number
of this NASA Tech Briefs issue, and the
page number.

€ Hydrogen-Fire-Detector Calibration Unit

A tabletop unit contains an ultraviolet source and calibration circuits.

John E. Kennedy Space Center, Florida

A microprocessor-controlled, table-
top apparatus has been developed for
use in testing ultraviolet-sensitive alarm
circuits that detect hydrogen fires at var-
ious distances. The apparatus includes a
krypton discharge lamp that emits

46

ultraviolet light of about the same inten-
sity and in the same wavelength range
(180 to 240 nm) as observed in hydro-
gen fires that were previously used to
test the hydrogen-fire detectors. By
eliminating the need to test with hydro-

www.nasatech.com

gen fires, the apparatus obviously con-
tributes to overall safety.

The apparatus includes a bracket that
holds the hydrogen-fire detector to be
tested in the required geometric rela-
tionship with respect to the krypton dis-
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charge lamp. The main functional char-
acteristic of the apparatus is that it pro-
vides ultraviolet light in the required
spectral range at a stable, repeatable,

and uniform intensity across the face of

an ultraviolet-sensitive detector tube in
the fire detector. The necessary unifor-
mity of intensity is provided by reflective
and diffusive optical elements associated
with the lamp.

Repeatability and stability of intensity
are provided via microprocessor control
of the positions of adjustable optical ele-
ments and by electronic feedback con-
trol of the power supplied to the lamp.

The intensity feedback is obtained from
an ultraviolet-sensitive photodetector
near the lamp. A spinning chopper
wheel modulates the light seen by the

detector to enhance the performance of

the feedback system. In response to the
feedback signal, the microprocessor
adjusts the power supplied to the lamp
to maintain the intensity at a value
selected by the technician.

Electronic control of the power sup-
plied to the lamp can vary the intensity
by a factor no larger than about 2, but a
factor of about 100 is required for the
complete range of tests to simulate the

KISTLER

INSTRUMENT CORPORATION
75 John Glenn Drive + Amherst, NY 14228-2171
jone: (716) 691-5100 « Fax: (716) 691-5226
email:kicsales@kistler.com « www kistler.com
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signals from a standard hydrogen fire at
distances from 10 to 64 feet (3 to 19 m).
To provide the necessary increments of
intensity over this large dynamic range,
the apparatus is also equipped with a
microprocessor-controlled iris and a
microprocessor-controlled filter wheel
that contains neutral-density filters of
different densities.

After startup, a liquid-crystal display
unit on the apparatus presents three
options to the technician; (1) function-
ality check, (2) specification check, or
(3) alarm-time-versus-distance measure-
ment. The functionality check involves
determining whether a power relay with-
in the unit is operational, turning on the
lamp, and determining whether the
ultraviolet light supplied by an internal
lamp can trigger the alarm function in
the hydrogen-fire detector under test.

The specification check includes a cal-
ibration needed to determine whether a
hydrogen-fire detector satisfies its per-
formance requirements. During a speci-
fication check, the apparatus projects
ultraviolet light at known intensities into
the fire detector to determine whether
the minimum- and maximum-sensitivity
requirements are satisfied.

The alarm-time-versus-distance mea-
surement is carried out by projecting
ultraviolet light into the fire detector at
an intensity representative of that of a
standard hydrogen fire located well with-
in the alarm distance of the detector.
The time taken to alarm is then mea-
sured, and the detector is allowed to
come out of an alarm state. The intensi-
ty of ultraviolet light is then dropped to
correspond to a slightly larger distance,
and the alarm time measured again.
This process is repeated until the alarm
time is greater than 30 seconds. This
measurement provides a characteriza-
tion of the performance of the fire
detector versus the distance to a stan-
dard hydrogen fire.

This work was done by Gregory A. Hall
and William E. Larson of Kennedy Space
Center and Robert C. Youngquist, John S.
Moerk, William D. Haskell, Robert B. Cox,
Jimmy D. Polk, Stephen J. Stout, and James
P. Strobel of I'NET, Inc. For further informa-
tion, access the Technical Support Package
(TSP) free online at www.nasatech.com
under the Electronic Systems category, or cir-
cle no. 108 on the TSP Order card in this
issue to recerve a copy by mail ($5 charge).

This invention has been patented by
NASA (U.S. Patent No. 5,561,290). Inqui-
ries concerning mnonexclusive or exclusive
license for its commercial development
should be addressed to the Patent Counsel,
Kennedy Space Center; (407) 867-2544.
Refer to KSC-11722.

NASA Tech Briefs, October 1997



Which Global Integrator
Will Take Your Enterprise
Into The 2ist Century?

Software Engineering ™ ‘ srnment

Services | Contract Specialists:
‘ & : B GSA Schedules:
70 A, B/C, 58

Groupware/Intesnel ‘ " ok
Solutions FEDSIM
E : Dept. of Justice
i NASA SEWP II
. — Agency Specific

~ Integration &
enance Provider
- e Commercial
x Government
. — Subcontracting

VL)

Manufa ‘

Calendar Year 2000
Solutions & Services
o ¢
, y .‘ & - o — h—
nte ¥ SRl T - 2 isition, Operations,
Telecommunications | ~ Resource Services

Solutions (CTH il ‘ ssistance Available

800-232-4671
www.gmri.com

We’re Government Micro Resources, Inc. (GMR), but there’s nothing micro about us.

Leading edge solutions, complete services, and best-of-breed products are hallmarks of our success.
For fifteen years, GMR has been addressing customer’s Information Technology needs. From laptop to
mainframe and everything in between, around the beltway or around the world, GMR is the integrator
with global vision.

Call us today for more information on how we can take your enterprise into the 21st Century.

GMR
e -

NASA Langley - NAS1-97101 Government Micro Resources, Inc. SEWP II - NAS5-32898
NASA Ames - NAS2-14352
GSA Schedule B/C - GS-35F-4566G Sunnyvale, CA ¢ Norfolk, VA * Mannington, WV * San Antonio, TX * Denver, CO

g?: ;‘f::j‘fllf;‘ GG“;‘FFOI':;;[‘; 7203 Gateway Court * Manassas, VA 20109
5 o e i (703) 330-1199 ¢ (703) 330-1722 Fax

For More Information Circle No. 516



When making a

long term

commitment,
compatibility is
everything.

Y

4

PETASITE MASS STORAGE LIBRARY



oF Qe NGRS D AT A 30O R AR UIE R FiA M T LY

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.
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Better Cells for Multiple-Pass Absorption of Light in Gases

These cells overcome some of the limitations of older multiple-pass absorption cells.
Ames Research Center, Moffett Field, California

A new multiple-pass optical gas
measurement cell has been devel-
oped that provides improved analyti-
cal accuracy and reduced size and
cost, compared to older designs.

Optical sampling cells allow the

measurement of light absorption in
samples of gas, using the Beer-
Lambert relation. Single pass cells
are not difficult to manufacture, but
the light path is too short for practi-
cal use with weak gas concentrations

or with gases that have low absorp-
tion properties. In these situations,
multiple-pass cells are used, provid-
ing for a longer path for the light to
travel. However, accuracy of the light
path is more difficult to control in
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GENERAL OPTICAL SCHEME SHOWING
INCOMING BEAM AND FIRST REFLECTION

OPTICAL SCHEME OF AN EIGHT-PASS CELL
(Nonoptical Components Omitted For Clarity)

Multiple Passes of a Beam of Light through a cell are achieved by reflection between a spherical mirror and muitiple pairs of suitably positioned and ori-
ented flat mirrors. In comparison with older multiple-pass configurations, this one is less sensitive to misalignment and better able to accommodate a wide
and/or divergent beam of light.
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multiple-path cells. Traditional multi-
ple-pass optical cells with analytical
levels of accuracy are relatively large,
and need a bright, well-collimated
light source for best performance.

The new design developed at the
NASA Ames Research Center over-
comes several of the limitations
inherent in older gas cells, by com-
bining a single spherical lens and two
or more flat mirrors to extend the
length of the light path.

The left part of the figure illus-
trates the principles of operation of
the new design. A beam, or bundle,
of light, which can be divergent,
enters the entrance hole, and is
reflected by a spherical mirror of
radius R and focusing on a top cover
on plane P and approximately height
R above the spherical mirror.
Without additional mirrors, the light
beam would thus be focused on the
top cover of the device. However, the
light is not allowed to strike plane P.
Instead, pairs of flat mirrors (one to
three pairs would be typical embodi-
ments) are placed near the entrance,
and are positioned and oriented to
redirect the beam to the spherical
mirror. The positions and orienta-
tions of the flat mirrors are chosen to

make the beam come to a focus
between them, so that the central ray
of the light beam is reflected back
toward the center of the spherical
mirror. The last flat mirror is
arranged such that, after the final
reflection from the spherical mirror,
the light beam passes through an exit
hole on the top cover. The exit hole
is on the same plane as the entrance
hole, but at a different azimuthal
position on the top cover.

The right part of the figure illus-
trates the path followed by the cen-
tral ray of the beam in an eight-pass
cell based on this concept. The ray
enters the cell (pass 1), and is reflect-
ed by the spherical mirror back
toward the first of six flat mirrors
(pass 2). Passes 3 through 7 are back
and forth between the spherical mir-
ror and the remaining five flat mir-
rors. After the last reflection from the
spherical mirror, the ray leaves
through the exit hole in the top cover
(pass 8).

Unlike some older multiple-pass
absorption cells, it is not necessary to
use narrow, well-collimated beams of
light with this design when only a few
passes are necessary. This is due to
the property of the combined spheri-

cal and flat mirrors’ tendency to
reduce stray light paths within the
cell, thus reducing errors when calcu-
lating gas absorption values.

Another advantage of the new
design arises from the need for accu-
rate knowledge of the length of the
optical path within the cell in order
to compute the light absorption
using the Beer-Lambert relation. The
configuration of the mirrors in the
new design makes it easier to manu-
facture cells with precisely known
light-path lengths.

This work was done by Richard
Pearson, Dana H. Lynch, and William
D. Gunter of Ames 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.
115 on the TSP Order card in this issue
to receive a copy by mail ($5 charge).

This invention has been patented by
NASA (U.S. Patent No. 5,459,566).
Inquiries concerning nonexclusive or
exclusive license for its commercial devel-
opment should be addressed to the Patent
Counsel, Ames Research Center; (415)
604-5104. Refer to ARC-13384.
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@ Optical Air Mass Flux Sensor for Aeroengine

Monitoring and Control

A diode-laser-absorption sensor for simultaneous measurements of air density
and velocity has achieved +2-percent accuracy in an F-100 engine inlet.

Physical Sciences Inc., Andover, Massachusetts

Flight-qualifiable sensors for inlet
air mass flux are desired for improved
control of conventional aeroengine
gas turbine power plants and variable-
geometry, mixed-compression inlets
of advanced flight vehicles. Optically
based techniques are advantageous
for inlet measurements, particularly

in compressible flows, because they do
not disturb the flowfield downstream
of the measurement location. Under
support from the NASA Dryden Flight
Research Center (solicitation year
1992), a sensor using fiber optic beam
transport and ultra-low-noise detec-
tion has been developed to obtain
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high-precision measurements of the
O; density and Doppler shift, permit-
ting rapid determination of the densi-
ty-velocity product, or mass flow into
the engine.

In the basic sensor configuration, a
room-temperature diode laser, operat-
ing near 763 nm, is fiber-coupled and
split into two signal and two reference
channels. Fiber optic cables bring the
signal channels to two launch mod-
ules, where the narrowband, tunable
laser light is collimated and launched
across the flow duct at opposing
angles. The transmitted light is detect-
ed with a pair of Si photodetectors
configured in a sensitive balanced
detection system.
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Figure 1. Example of Air Velocity Data.

Using the reference channels to
account for common-mode laser
amplitude noise, near shot-noise-lim-
ited absorption sensitivity is obtained,
allowing the weak O, absorption line-
shapes to be accurately recorded as
the laser wavelength is rapidly swept
across an isolated lineshape. The inte-
gral of this lineshape gives the O, den-
sity. The relative shift in frequency
between the lineshapes recorded
across the opposed paths gives a mea-
sure of the path-averaged gas velocity
across the duct. The simultaneous
measurements of density and velocity
are combined with the known duct
area to yield a measure of the inte-
grated mass flux in the duct.

Extensive testing of the basic sensor
in laboratory flows, full-scale aero-
engine, and large-scale wind-tunnel
test facilities has built a large, statisti-
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cally significant database of the sen-
sor’s performance in several flow envi-
ronments. On a full-scale Pratt &
Whitney F-100 aeroengine test, per-
formed in a ground test at the NASA
Dryden Flight Research Center, mass
flux measurements with a precision
and absolute accuracy of 1 to 2 percent
over the full range of engine operating
conditions were demonstrated.

Figure 1 is an example comparison

of the diode laser’s optical velocity
measurement with a calibrated Pitot-
static air probe. The range of veloci-
ties shown spans idle to full Mil-spec
power conditions.

Commercial development of a ver-
sion of this sensor for compressor
stall/surge monitoring and possible
control is being pursued with support
from the AlliedSignal Engine Com-
pany. Additional support from NASA

Dryden is developing a flight version
of the sensor for installation and test-
ing in a NASA F-18 test vehicle.

This work was done by Physical
Sciences Inc., 20 New England Business
Center, Andover, MA 01810-1077, under
a NASA SBIR contract monitored by
Dryden Flight Research Center. For
more information, contact Dr. Mark Allen,
(508) 689-0003.

DRC 096-07

The treated water is potable.

Lyndon B. Johnson Space Center, Houston, Texas

A prototype apparatus implements
an electrochemical process for treat-
ment of wastewater streams that con-
tain various proportions of urine, laun-
dry water, and bath water. The process
comprises three sequential subprocess-
es; a batch electrolysis process followed
by a batch electrodialysis process fol-
lowed by a continuousflow catalytic
oxidation process (see figure). Each of
the first two subprocesses removes a dif-
ferent group of contaminants and/or

passes on partially reacted contami-
nants to the next subprocess. The elec-
trochemical energy produced in the
electrolysis subprocess results in oxida-
tion of organic contaminants except
organic acids. The electrodialysis sub-
process removes organic acids and
ions. The catalytic oxidation sub-
process removes most of the remaining
contaminants.

At the beginning of the process, a
batch of wastewater (2.3 L in the case of

Electrochemical Process for Treatment of Wastewater

the prototype apparatus) is transferred
to a reservoir in the electrolysis section.
The electrolysis subprocess takes 260 to
280 min and includes a foam-suppres-
sion preprocess: The wastewater is
recirculated through the electrolysis
section along one of two alternative
paths depending on the time. Before
electrolysis starts and during the first 30
min of electrolysis, water flows through
a regenerable foam-suppression unit,
then the electrolysis cell, and back to

Ergonomically position your flat panel
monitors, laptops and keyboards wherever
you need them—with Ergotron’s
Adjustable Rotating Mounting Solutions
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Custom Mount Solutions

Laptop
Mounting
Solutions
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the reservoir. This path [
reduces the concentration of |
foam-forming contaminants
to tolerable levels. After 30
min of electrolysis, the path
changes to bypass the foam-
suppression unit.

The polarity of the voltage
applied to the electrolytic cell
is reversed once per minute
to counteract the buildup of
polarized ions near the elec-
trodes and increase the con-
centration of reactants at the

Catalytic | \RUEISS

; = L - Oxidation b <150
Electrolysis #| Electrodialysis > ==

Gas/Liquid L

Separator |

o~

surfaces of the electrodes.
The liquid being processed is
recirculated through the elec-
trolytic cell at a constant rate of 1
L/min. An oxidation/reduction-poten-
tial sensor indicates the end point of the
electrolysis, which is defined as the point
at which energy-utilization efficiency
decreases during electrolysis. A gas-con-
ditioning unit absorbs water vapor and
chlorine produced by the electrolysis
process. The total concentration of car-
bon in organic compounds [“total
organic carbon” (TOC) for short] and
the pH of the processed liquid are more
than halved by the electrolysis process.
Remaining organic materials are con-
verted to low-molecular-weight organic
acids that can be separated efficiently by
electrodialysis.

After electrolysis, the water is trans-
ferred to a reservoir in the electrodialy-
sis section. In the electrodialysis sub-
process, an electric field causes ions to
migrate through membranes, thereby
concentrating the contaminants into a
brine while forming a deionized prod-
uct water that is relatively free of contam-
inants. The statuses of the brine and the
product water are monitored (to deter-
mine the end point for electrodialysis)
by use of electrical-conductivity meters.
The brine is stored, while the deionized
product water is moved on to catalytic
oxidation.

In the catalytic oxidation subprocess,
the TOC of the remaining contami-
nants is reduced to below 500 micro-
grams per liter — a level that satisfies
NASA’s specification for potable water.
Oxidation byproducts (oxygen and car-
bon dioxide), are removed by a gas/lig-
uid separator at the outlet of the cat-
alytic oxidizer.

This work was done by James R. Akse of
Umpqua Research Co. for Johnson Space
Center. For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com wunder the
Physical Sciences category, or circle no. 117
on the TSP Order card in this issue to receive
a copy by mail ($5 charge).

MSC-22427
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Thls Electrochemical Water-Treatment Process comprises three subprocesses each of whoch plays an essential role in
relation with the others.
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Adhesively Bonded Strain Gauges for Temperatures up to 400°C

Bonding conditions are consistent with chemical properties and
temperature limitations of substrates.

Lewis Research Center, Cleveland, Ohio

Strain gauges with improved adhe-
sive bonding have been developed for
use in measuring creep and stress-
relaxation effects associated with aging
in PMR-15 polyimide resin at test tem-
peratures up to and even somewhat
above the maximum use temperature
of 371 °C. Even near the upper limit of
test temperatures, the improved adhe-
sive bonding provides secure attach-
ment to substrates of both PMR-15
composites and titanium alloy 6242.

The development of these strain
gauges and the improved adhesive
bonding were necessitated by the limi-
tations of previously available strain
gauges. The best previously available
adhesively bonded strain gauges could
not withstand prolonged exposure to
temperatures above 232 °C and were
recommended for no more than 150
hours of operation at 280 °C. The adhe-
sive in those gauges had to be cured at
temperatures up to 42 °C above the
intended test temperatures; some sub-
strate materials, including PMR-15 com-
posites, cannot withstand this much
heating above test temperatures.

The improved bonding of the pre-
sent strain gauges is achieved by use of
a procedure and materials compatible
with the cure chemistry and with the
processing requirements for the sub-
strate material. The maximum bond-
ing temperature does not exceed the
intended test temperature or the max-
imum substrate-fabrication tempera-
ture. Also, unlike standard previously
available adhesively bonded strain
gauges, the present strain gauges are
not backed with permanent organic
supporting films that must be bonded
to the substrates; the present gauges
are manufactured with temporary sup-
porting films, and the gauges them-
selves, rather than the supporting
films, are adhesively bonded directly to
the substrates.

In the case of a PMR-15 substrate,
the improved bonding procedure is
initiated after the cure and before the
postcure stage of the substrate-fabrica-
tion process. The adhesive is a slurry

62

that is made by preparing a solution of
poly(amic acid) in N-methyl-2-pyrro-
lidinone, then adding a partially react-
ed (imidized but not cross-linked)
PMR-15 powder. The poly(amic acid)
solution is used to obtain adequate
flow and wetting of the substrate.

The gauge is cleaned by exposure to
ultraviolet light and ozone. A first coat
of adhesive is applied to the substrate
and to the gauge face opposite the
temporary supporting film, then this

Though the adhesive bonding sys-
tem has been demonstrated on PMR-
15 resin and titanium-alloy substrates,
bonding to PMR-15 composites and to
other polymeric and metal substrate
materials should be possible. For
bonding to other polymeric substrates,
the adhesive system would be modified
by replacing the poly(amic acid) and
the PMR-15 powder with materials
more similar to, and/or more compat-
ible with, the substrate material.

Nonporous
Polytetrafluoroethylene Clamping Pressure
Sheets .
/. q Mylar (Or Equivalent)
Polyethylene
Terephthalate
/ ~~_ _ Temporary
Strain Supporting Film
Gauge  wet Adhesive Dry Adhesive  Polytetrafluoroethylene
Coating
N XN NN \\\ \\\\\\ NN
\\\\ Substrate (T|-6242 or PMR 15 N\ NN \\\
\ \\ Polyumlde/Flber Compos:te) N \\\\\\\ \
\\ \ NN OOOININNNN

A Strain Gauge Is Bonded to a substrate by pressing together adhesive-covered gauge and substrate
surfaces, then heating the entire assembly to cure the adhesive and postcure the substrate. The adhe-
sive is formulated to be compatible with the cure chemistry, processing requirements, and tempera-

ture limitation of the substrate.

first coat is dried by heating to temper-
atures up to 205 °C. A second coat of
adhesive is applied, then the gauge
and substrate are clamped together
(see figure) and heated according to
the normal postcure schedule of 205
°C for 10 minutes followed by 316 °C
for two hours.

In a test of the gauges and improved
bonding, a gauge remained bonded to
a PMR-15 composite substrate and
exhibited adequate resistance to creep
after aging for a month at 316 °C. The
present gauge/adhesive system has
also been shown to withstand thermal
cycling up to 364 °C and to withstand
maximum temperatures up to 400 °C
for short times.

www.nasatech.com

This work was done by Gary D. Roberts,
Kathy C. Chuang, and J. Michael Pereira
of Lewis Research Center; Christopher
Rabzak of NYMA, Inc.; and Douglas T.
Jayne of Ohio Aerospace Institute. For fur-
ther 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 recerve 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-16347.
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® Modified CVI Process for Making SiC/SiC Composites

Removable surface layers eliminate the need for time-consuming grinding-off

of integral surface layers.

Lewis Research Center, Cleveland, Ohio

A modified chemical-vapor infiltra-
tion (CVI) process makes high-quali-
ty composites of silicon carbide fibers
in silicon carbide matrices. In this
process, one adds a sacrificial surface
layer of SiC fiber preform that can
later be removed easily, by scraping
or tapping, when it becomes clogged

with infiltrate (“canned off,” in CVI
terminology).

In comparison with other CVI
processes, this process is faster and
costs less because unlike the other
processes, this one does not involve
time-consuming grinding-off of sur-
face layers that have become clogged

with infiltrate. This process can be
used for making parts that have vari-
able thicknesses and complex, irregu-
lar shapes, as well as parts that have
constant thicknesses and simple
shapes. This process also ensures that
the infiltrate consists only of silicon
carbide, without the silicon that is

PNEU

IF YOU THINK YOU CAN’T SEAL IT,
YOU HAVEN'T TRIED

®

Pneuma-Seal® is an
inflatable gasket that is
pressurized with air. It
fills the gaps between
surfaces, even hard-to-seal
uneven surfaces. When deflat-
ed, Pneuma-Seal quick- gz
ly retracts preventing
interference when open- N
ing and closing a door or
cover.

Use Pneuma-Seal as an
effective barrier against pressure
differentials and to seal out water,
dust, gas, chemicals, noise and other
contaminants.

Typical applications include:

unsealing are required.

hatches.

ineffective.

abrade conventional seals.

PRESRAY

: chemical, food, textile, pharma-
ceuticals, dryers, ovens and where rapid sealing and

Pollution control: sound attenuation, hopper seals.
Laboratory facilities: test equipment, clean rooms.
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Construction: special purpose doors, flood protection.
Pneuma-Seal is particularly suitable for:

Large enclosures where it is uneconomical to machine the entire sealing surface.
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Flow of Reactant Gas

Sacrificial
Surface
Layer

T
INITIAL INFILTRATION

SACRIFICIAL LAYER
BECOMES CANNED OFF
DURING INFILTRATION

FURTHER INFILTRATION

The Modified CVI Process resembles convention-
al forced-flow isothermal CVI in some respects,
but costs less because it does not include a time-
consuming grinding step.

sometimes found in SiC/SiC compos-
ites made by other processes.

The advantages of this process can
be understood better by comparison
with one of the other processes;
namely, conventional forced-flow
isothermal CVI, in which a porous
(SiC-fiber) preform is held at con-

NASA Tech Briefs, October 1997
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stant temperature while reactant gases
are forced through it. The infiltrating
gases react to deposit silicon carbide
in the pores. However, pores near the
surface tend to become filled before
those inside the preform. The
canned-off surface pores greatly
reduce the rate of infiltration to, and
deposition in, the pores deeper in the
preform. To promote further infiltra-
tion and deposition deep within the
preform, the canned-off surface layer
must be removed by diamond grind-
ing (this subprocess is called “skin-
ning” in the industry). The ground
preform must be then returned to the
CVI reactor for further infiltration.
One version of the modified CVI
process (see figure) is similar to con-
ventional forced-flow isothermal CVI
in some respects. However, unlike in
the conventional process, the up-
stream surface of the preform is first

covered with the sacrificial surface
layer, which is typically made of either
(a) the same material as that of the
preform but without a protective fiber
coating like that used in the preform
or (b) any other high-temperature
material that allows diffusion of the
reactants and does not become bond-
ed to the preform. The preform is
then subjected to CVI. As CVI pro-
gresses, the differential pressure of
reactant gases across the preform is
monitored continuously; when the
pressure has risen sufficiently to indi-
cate that the sacrificial layer has
become canned off, the preform is
removed from the CVI reactor, the
sacrificial layer is peeled or tapped off
(this takes about two minutes at
most), a new sacrificial layer is applied
to the surface, and the preform is
returned to the reactor for further
infiltration.

The sacrificial layer also acts as a
diffuser, helping to distribute the
reactant gases more evenly. It also acts
as a filter, screening out contaminants
so that the material deposited in the
pores is pure silicon carbide only.

This work was done by M. A. Kmetz,
Paul Allard, Dave Wagner, and Chris
Kogstrom of United Technologies Pratt &
Whitney for Lewis Research Center. For
[further information, access the Technical
Support Package (TSP) free online at
www.nasatech.com under the Materials
category, or circle no. 113 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 Cenler,
Commercial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-15691.

) Unsymmetrical Squaraine Dyes for Nonlinear Optics
Molecular structures are engineered to enhance second-order polarizabilities.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Dyes based on unsymmetrical
squaraine molecules (see Figure 1)
have been invented for use in a variety
of optical devices that exploit nonlin-
ear optical properties to change the
frequency and/or polarization of light
in useful ways. Examples of such
devices include second-harmonic gen-
erators, spatial light modulators, para-
metric oscillators, and some interfer-
ometers.

The unsymmetrical squaraine mole-
cular structures are engineered to
obtain large values of first electronic
hyperpolarizability (f); that is, the sec-
ond-order polarizability that gives rise
to the desired nonlinear optical
response.

The molecularengineering strategy
is derived from some observations
concerning two limiting charge-trans-
fer resonance forms that occur in the
molecules of interest. Each molecule
can be characterized, in part, by a lin-
ear combination of these two forms. If
one form completely dominates, the
molecule is designated as being poly-
enelike; if the two forms contribute
equally, the molecule is designated as
being cyaninelike. It has been discov-
ered that (a) it is necessary to obtain
an optimal linear combination of the
two forms in order to maximize f, and
that (b) the value of f can be correlat-

NACA Toarh Rraafe Octaher 1007

Figure 1. This General Structural Formula is only one of nine such formulas that describe the nu:

mer-

ous unsymmetrical squaraine dyes of the invention. Note the wide variety of compounds represented

by variations in the groups R, through Rs.

ed with the bond-length alternation
(BLA), which is the difference
between the lengths of adjacent car-
bon-carbon bonds. As one proceeds
from a polyenelike limit (BLA > 0.12
A) to a cyaninelike limit (BLA = 0 A),
B reaches a peak at BLA = 0.04 A.
Past efforts to reach this peak from
the polyene limit by adding electron
donors or acceptors to decrease the
magnitude of BLA have usually result-

www nacatech com

ed in BLA > 0.10 A — far from the
value needed to maximize f. The
development of the present unsym-
metrical squaraine dyes followed a dif-
ferent approach — starting from the
cyanine limit of BLA = 0. Squaraine
dyes are analogous to cyanine dyes in
that like cyanine dyes, they are charac-
terized by two degenerate resonance
forms and sharp and intense visible or
near-infrared absorption spectral

(3.4
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Figure 2. These Dyes Are Synthesized by condensing monosubstituted squaric acid precursors with

neutral or ionic donors.
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talum package and a polypropylene
package, Evans Hybrids are excellent for
avionics, power supplies, power filtering,
communications, weapons systems,
medical applications, auto auxiliary
systems and many very special uses.

Hybrids are designed and manufactured
by the Evans Capacitor Company,
known for the Capattery®, the world’s
leading electrochemical capacitor.
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bands. However, unlike ionic cyanines,
squaraines are neutral molecules that
are suitable for measurement of elec-
tric-field-induced second-harmonic
generation.

The unsymmetrical squaraine dyes
of this invention are synthesized by
condensing monosubstituted squaric
acids with neutral or ionic donors. For
example, in the synthesis illustrated in
the upper part of Figure 2, the mono-
substituted squaric acid precursors
could be 1-(4-isopentyloxyphenyl)-2-
hydroxycyclobutene-2,4-dione, and the
neutral donor (D-H) could be 4-N,N-
dibutylamino-3",5"-dihydroxystilbene.
For another example, in the synthesis
illustrated in the lower part of Figure 2,
the monosubstituted squaric acid pre-
cursor could be 1-(4-methoxyphenyl)-
2-hydroxycyclobutene-2,4-dione and
the ionic donor (Htr-CHj)+X~ could
be N-butyllepidinum iodide.

Depending on specific applications,
these dyes can be used alone (e.g., in
crystalline and/or thin-film form) or
can be incorporated into thin films,
crystals, liquids, and/or gases in mix-
tures with other materials that are con-
ventionally used in nonlinear optical
devices. A particularly convenient and
effective way of using a dye of this
invention is to disperse the polar dye
molecules in a polymeric binder. The
polymer/dye mixture can be heated to
a temperature at which the polymer
becomes sufficiently soft so that upon
application of an electric field, the
polar molecules line up along the
direction of the field. When the mix-
ture cools, the polar molecules are
locked into their field-aligned orienta-
tion, and so the electric field can be
removed without loss of orientation.

This work was done by Seth R. Marder,
Chin-Ti Chen, and Lap-Tak Cheng 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 Materials category, or circle no.
142 on the TSP Order card in this issue to
receive a copy by mail (85 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-19398, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.
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@i Computer Software

€3 The SPICE System

The Navigation and Ancillary
Information Facility (NAIF) at JPL has
built a multimission, multidiscipline
information system named SPICE,
which is of use to scientists and engi-
neers involved with mission evalua-
tion, mission operations, observation
planning, and science data analysis.
SPICE has two principal components
— a set of data file specifications and a
collection of software used to write
SPICE files and to read and utilize the
data within SPICE files. The SPICE
files, called “kernels,” contain a variety
of space science geometry, including
ephemerides and size, shape, and ori-
entation for planets, satellites, comets,
and asteroids; spacecraft trajectory;
spacecraft orientation; and instrument
viewing geometry. Also included in
SPICE files is nongeometric informa-
tion, such as sequence of events and
electronic notebook. The software
component of SPICE is the NAIF
Toolkit. The principal component of
this Toolkit is a large library of FOR-
TRAN  subroutines known as
SPICELIB. Included in SPICELIB are
subroutines used in both writing and
reading SPICE kernel files, and high-
er-level routines used to process SPICE
kernel data to compute a wide assort-
ment of observation geometry, such as
observer-target direction and range,
sub latitude and longitude, lighting
angles, and the like. Users integrate
selected NAIF Toolkit routines into
their own application programs to
help accomplish whatever objectives
are at hand. The kernel file structures
and Toolkit software are designed with
portability as a key attribute: the
SPICE system will work on any com-
puter that supports ANSI FORTRAN
77, and C language interfaces to the
most used subroutines are being
added. Flexibility is also a key
attribute: the system architecture is
easily extended to handle new require-
ments. A customer may choose to use
a subset of the SPICE capabilities.
SPICE defines the data standards for
ancillary data to be archived within
NASA'’s Planetary Data System. SPICE
is used on most NASA planetary mis-
sions. It has been used to support a
number of astrophysics and space
physics applications, and has been suc-
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cessfully demonstrated with Earth-
observing spacecraft. SPICE is also
used by terrestrial observatories.

This program was written by Charles

Acton, Nathaniel Bachman, Kevin
Gehringer, William Taber, and Boris
Semenov of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, access the Technical Support
Package (TSP) free on-line at wuww.nasatech.
com under the Computer Software category,
or circle no. 164 on the TSP Order card in
this issue to receive a copy by mail ($5
charge).

NPO-19984

¥ Program for Analyzing
Flutter of Propfan Blades

Stimulated by the interest in
improvement of aircraft fuel efficien-
cy, Lewis Research Center initiated an
effort to develop refined analytical
methods and associated computer
codes for predicting flutter of prop-
fans. The ASTROP2 computer pro-
gram performs aeroelastic-stability
analysis of rotating propfan blades. It
uses strip theory to integrate aerody-
namic forces calculated by use of a
two-dimensional model of aerodynam-
ics with a three-dimensional model of
the structure.

The flutter analysis is performed by
two separate subprograms. The first
subprogram calculates the structural
dynamics at the strips required for the
analysis of aeroelasticity. The second
subprogram uses the structural data
from the first subprogram and calcu-
lates the aeroelastic stability. Each sub-
program can be used and modified
independently.

ASTROP2 is written in FORTRAN
77 and has been successfully compiled
and run on a SUN 4 SLC workstation
running SunOS 4.1.3_U1, an SGI IRIS
INDIGO workstation running IRIX
6.2, and a SUN 4 IPC workstation run-
ning SunOS 5.4/Solaris 2.4. The pro-
gram also functioned properly on a
CRAY/Y-MP computer running UNI-
COS 8.0.4.1 with the CFT77 6.0.5.0
compiler. The standard distribution
medium for ASTROP?2 is a 4mm digi-
tal audio tape in UNIX tar format.
Alternate distribution media and for-
mats are available on request.
ASTROP2 was released in 1996.

This program was written by J. M.

www.nasatech.com

Lucero of Lewis Research Center, 7. S.
Reddy of the University of Toledo, and G. V.
Narayanan of Sverdrup, Inc. For further
information, access the Technical Support
Package (TSP) free on-line at wuww.nasatech.
com under the Computer Software category,
or circle no. 146 on the TSP Order card in
this issue to receive a copy by mail ($5

charge).
LEW-16407
mputer Program for
ating MIL-STD 1750a
Computer

CPU_1750a is a software program
that implements the MIL-STD-1750a
Military Standard Sixteen-bit Com-
puter Instruction Set Architecture. It
emulates a MIL-STD-1750a compliant
computer hardware system.

CPU_1750a provides a unified
mechanism for integration with soft-
ware that emulates peripherial hard-
ware. It is used to implement a soft-
ware emulation of a complete digital
avionics system such that MIL-STD-
1750a software may be developed and

COSMIC, NASA’s Software
Technology Transfer Center, has
an inventory of over 800 software
packages that originally were
developed by NASA and its con-
tractors for the U.S. space pro-
gram. These packages have a wide
range of applications other than
space exploration and are used by
industry, academic institutions,
and other government agencies.

For further information about
software available from COSMIC,
or to receive a free diskette cata-
log, contact COSMIC at:

COSMIC

The University of Georgia
382 East Broad Street
Athens, GA 30602-4272

Phone: 706-542-3265

Fax: 706-542-4807

e-mail:
service@cosmic.uga.edu
WWW:
http://www.cosmic.uga.edu
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tested prior to the availability of hard-
ware. The extensive visibility provided
by CPU_1750a allows development
and debugging to proceed more rapid-
ly than is possible on many hardware-
based development systems.

Powerful user interfaces can be
quickly created. CPU_1750a provides
read/write access to internal state (reg-
isters, memory, and page registers, and
emulator control variables and func-
tions) that is designed to be compara-
ble with Tool Command Language
(Tcl). Breakpoints and instruction
trace are controlled via Tcl, and may in
turn activate Tcl procedures upon acti-
vation.

CPU_1750a fully implements the
MIL-STD-1750a instruction set. It pass-
es all SEAFAC VSW V2.1 verification
tests. CPU_1750a can be configured

with multiple personalities, which can
be selected during runtime. Three per-
sonalities are currently available: MIL-
STD-1750a, IBM GVSC, and IBM
GVSC with breakpoints and instruction
trace capability. Personalities are
implemented so that performance of
one personality is not dependent upon
features implemented in another per-
sonality so that performance is always
as high as possible.

CPU_1750a implements all manda-
tory and optional MIL-STD-1750a fea-
tures, including: interval timers,
expanded memory, memory block pro-
tect, startup ROM, and access
lock/key.

CPU_1750a is written in C++. It exe-
cutes over 400,000 instructions per sec-
ond on a Sun SPARC 10/51.

This program was written by William K.

Reinholtz and Mohammad Shahabuddin
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 Computer Software category, or circle
no. 126 on the TSP Order card in this issue
to receive a copy by mail (85 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-19734, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

ASA's 1997 Software of the Year

Awards will be presented on September
23 at a special Awards Reception during
Technology 2007 to be held in Boston from
September 22-24. Chosen by NASA's
Inventions and Contributions Board, the
awards are given to individuals who devel-
op software that enhances NASA's missions
and assists U.S. industry in maintaining
world-class technology status.

1997 Winner:

Dynamics Algorithms for Real-Time
Simulations (DARTS), developed by
NASA's Jet Propulsion Laboratory,
Pasadena, CA (Drs. Abhinandan Jain,
Guillermo Rodriguez, and Guy K. Man)

The 1997 Software of the Year was
used by JPL to keep the Pathfinder
spacecraft on course as it cruised
toward Mars. DARTS software has
saved over $10 million to date on NASA
missions including Pathfinder, Galileo,
and Cassini. It is a high-fidelity, flexible
multibody dynamics simulator used for
real-time hardware-in-the-loop design,
integration, and testing of spacecraft
flight software. DARTS allows the use
of high-fidelity spacecraft dynamics
models without sacrificing simulation
speed, enabling more reliable flight-
software design and testing, reduced
development costs, and increased mis-
sion safety.

During Pathfinder's journey to Mars,
the slightest variation in trajectory
would have sent the spacecraft far afield

NASA's Software of the Year

DARTS Sp:

DARTS software helped keep Mars Pathfinder
on course; it also has potential in the research
and development of new drugs, catalysts, and
polymers.

of its target. The flight plan included
five midcourse corrections during
which the spacecraft's thrusters would
fire to refine its trajectory. NASA con-
trollers ran commands through DARTS
before sending signals to Pathfinder.
This enabled them to verify that a com-
mand would have the desired result.
During Pathfinder's seven-month flight,
mission controllers made four mid-
course corrections using DARTS. There
was no need for a fifth: Pathfinder was
still dead on target.

DARTS is based on a new form of
mathematics called Spatial Operator
Algebra (SOA), which also was
invented by Drs. Jain, Rodriguez, and
Man. SOA is a mathematical ap-
proach for modeling the dynamic
behavior of complex, articulated col-
lections of bodies interacting with
each other in free-space or in contact
with the environment.

spacecraft through its course around
Jupiter's four largest moons, and it will
be an important part of the Cassini mis-
sion to Saturn. SOA-based software also
may help scientists uncover the structure
and function of proteins and enzymes;
of protein-folding mechanisms; and

drug, catalyst, and polymer designs.

DARTS was used to guide the Galileo

1997 Runners Up:

® Micromechanics Analysis Code with

o STructural Analysis RoutineS (STARS),

® Thickness-Independent Ultrasonic Im-

(in alphabetical order):

Generalized ~ Method  of  Cells
(MAC/GMC), developed by NASA's
Lewis Research Center, Cleveland,
OH (headed by Dr. Steven M.
Arnold) A comprehensive program
for predicting a material's response
to thermal and mechanical loads.

developed by NASA's Dryden Flight
Research Center, Edwards, CA (head-
ed by Dr. Kajal K. Gupta) An analysis
package of integrated finite element
software developed for the solution
of linear and nonlinear engineering
problems.

aging Software, developed by NASA's
Lewis Research Center, Cleveland,
OH (headed by Dr. Don J. Roth) The
software enhances materials charac-
terization by ultrasonic imaging,
eliminating the effects of sample-
thickness variations.
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@ Mechanics

& Focus-Ring Mechanism Translates Lenses Without Rotation

The parts of the mechanism need not be highly precise.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The figure illustrates a camera lens
barrel and a mechanism for translating
the lens barrel along its optical axis.
Unlike some other focusing mecha-
nisms, this one does not rotate the lens
barrel about the optical axis — an essen-
tial feature if the lenses and/or other
optics in the barrel are asymmetric and
are required to be kept in a specified
alignment with respect to a line in the
focal plane.

The lens barrel slides axially within a
stationary camera barrel. The mecha-
nism includes a focus ring that is approx-
imately concentric with the barrels. The
focus ring pivots about a fixed point

under the camera barrel, and the tilt of
the ring can be varied by use of an adjust-
ment screw atop the camera barrel. As
the tilt of the ring changes, it pushes axi-
ally on (or allows itself to be pushed axi-
ally by) tabs on the lens barrel. These
tabs are spring-loaded against similar but
fixed tabs on the camera barrel. As the
tabs on the lens barrel push against (or
are pushed by) the spring load, the lens
barrel translates along the axis.

The adjustment screw could be any of
a variety of suitable screws with standard
fine pitches, e.g., 32 threads per inch
[pitch of 0.3125 in. (about 0.79 mm)].
Because the point of contact between

the ring and the lens barrel is halfway
along the lever arm, the axial translation
of the lens is half that of the adjustment
screw. Thus, continuing the above exam-
ple, one full turn of the screw translates
the lens assembly about 0.016 in. (0.4
mm), while a partial turn of 10° trans-
lates the ring only about 0.00043 in.
(0.011 mm).

The only motion-producing surfaces
that need be machined to high preci-
sion are the outer-diameter surface of
the lens barrel and the inner-diameter
surface of the camera barrel; these sur-
faces are required to mate with each
other in a smooth sliding fit with mini-

Focus Ring
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Lens Barrel
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Adjustment
Screw

Tab (One of Two
Attached to Lens Barrel)

=
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Rotation of the Adjustment Screw pivots the ring slightly, causing the ring to push on the tabs and thereby translate the lens barrel along the optical axis.
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For More Information Circle No. 455

mal radial play. The parts of the focusing mechanism can be
fabricated without high precision. The adjustment screw and
the spherical bearings on which the ends of the adjustment
screw turns can be fabricated easily and inexpensively.

The mechanism can be upgraded in several ways. The adjust-
ment screw could be modified to accept a motor drive so that
the lens system could be focused under remote control. The
adjustment screw could be made as a differential screw by
machining it with dual threads, each having a slightly different
pitch; this would greatly increase the resolution of the focus
adjustment. Radial play could be eliminated by mounting the
lens barrel on flexures configured to allow movement along the
optical axis; in that case, it would no longer be necessary to
enclose the lens barrel in a camera barrel.

This work was done by Richard E. Fleischner 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 Mechanics category, or circle no. 156 on the TSP Order
card in this issue to receive a copy by mail ($5 charge).

NPO-19711

3Portable Computer

Workstations for

Engineering Teams

Units could be assembled in modular fashion
to perform specific team engineering tasks.

NASA’s Jet Propulsion Laboratory,
Pasadena, California

Figure 1 illustrates a proposed ergonomically designed unit of
furniture that would house a personal computer workstation.
The unit could be used alone but is meant to be assembled with
other such units in modular fashion for use by an engineering
design team. The unique configuration of the unit is chosen to

Flat-Screen Display Device
Articulating Arm

Shelf for Main
Computer Housing

Figure 1. The Ergonomic Design of This Unit would provide for efficient uti-
lization of space and adjustability for the user’s comfort.
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facilitate face-toface verbal and visual
communication and thereby promote col-
laboration among engineers on the team
who specialize in different disciplines.
The main computer housing would be

placed on the shelf below the table to
maximize the work space available to the
user on the table. The shelf would be set
back to provide room for the seated
user. The height of the table could be

FIVE UNITS IN A CLUSTER

EIGHT UNITS IN TWO ROWS FOR A CONFERENCE

Figure 2. These Are Only Two of many possible ways in which multiple units could be arranged to pro-

mote collaboration among multiple users.

Handling and Treatment of Metal Chips
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adjusted to suit the user, or to enable
storage of the unit under a conference
table or other piece of furniture.

The computer video output would be
presented on a large, high-resolution,
flat-screen display device, which would be
mounted on an articulating arm that the
user could adjust to position and orient
the screen for comfort in viewing. The
articulating arm could also be used to
fold the screen out of the way for storage.

The peculiar nonrectangular shape of
the table is chosen to please the eye and
to promote creativity. Because of its bilat-
eral symmetry, the table would be suitable
for either a right- or a left-handed user.
The unit would be light in weight and
mounted on wheels for portability.
Multiple units could readily be wheeled
together in any of a large variety of clus-
ter or line arrangements (see Figure 2)
according to the number of collaborators
and the preferred mode of interaction.

This work was done by Danette G. Klein
and James Duke of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, access the Technical Support Pack-
age (TSP) free on-line at www.nasatech.com
under the Mechanics category, or circle no.
129 on the TSP Order card in this issue to
receive a copy by mail (85 charge).
NPO-20010
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For more details
please contact
Charlie Gaal at
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245 Victoria, Suite 700
Westmount, Quebec, H3Z 2
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&Model-Based

Placement

of Gearbox-
Monitoring
Accelerometers

Locations are ranked
with respect to utility
for measuring vibrations
to diagnose faults.

Lewis Research Center,
Cleveland, Ohio

A model-based methodology has
been devised as a systematic means for
selecting locations of accelerometers
on a helicopter gearbox to measure
vibrations indicative of cracked or pit-
ted gear teeth, damaged bearings, and
other gearbox faults. In the envi-
sioned application, the outputs of the
accelerometers would be fed to an
onboard computer and processed to
diagnose faults during flight.
However, it is not practical to install
and process the readings of a large
number of accelerometers, each posi-
tioned on or near a gearbox compo-
nent vulnerable to failure. The prob-
lem then becomes one of selecting
locations for a limited number of
accelerometers in such a way as to

Accelerometers

A Helicopter Gearbox was instrumented with
accelerometers at eight locations for experi-
ments on monitoring vibrations to diagnose
faults.

NASA Tech Briefs, October 1997



obtain the required diagnostic capability to some quantifi-
able degree. The methodology offers a solution that
involves quantification of the significance of each
accelerometer and its location in diagnosis.

Ideally, the significance of each accelerometer and its
location could be determined empirically by comparing the
results of diagnoses performed with and without the
accelerometer. However, to be able to do this, one would
need a comprehensive set of measurement data associated
with all possible faults; in general, such a set of data is not
available. The methodology provides a partial substitute for
such an empirical assessment, on the basis of (a) relation-
ships between component faults and accelerometer read-
ings as expressed by an influence mathematical model
obtained from (b) a lumped-masses-and-springs simplified
mathematical model of the vibrational properties of the
gearbox.

The influence model is used to compute the following
three indices that represent the effectiveness of accelerom-
eters for monitoring various gearbox components:
® The diagnosability index for each component is defined

as a sum of coefficients of influence of that component on

all the accelerometers, and is taken to be an indication of
the ability to diagnose a fault in that component.

® The coverage index of an accelerometer is defined as a
sum of coefficients of influence of all gearbox compo-
nents on that accelerometer, and is taken as a measure of
the “reach” or “coverage” of the accelerometer; that is, of
the number of gearbox components that the accelerome-
ter can monitor.

® The redundancy index of an accelerometer is a measure
of the overlap of the sensory domain of that accelerome-
ter with the sensory domains of other accelerometers; an
accelerometer is deemed to be redundant if the compo-
nents it covers are already covered, with greater coeffi-
cients of influence, by other accelerometers.

Accelerometers alone or in groups can be ranked accord-
ing to the effects of the deletion of the specified accelerom-
eters upon these indices. Those accelerometers, the dele-
tion of which would result in the greatest losses in the val-
ues of these indices, are ranked highest to indicate their sig-
nificance in diagnosis.

This model-based methodology was tested in experiments
on an OH-58A main rotor gearbox. In the experiments,
piezoelectric accelerometers were installed at eight loca-
tions on the gearbox (see figure) and used to measure
vibrations in five tests that lasted for various numbers of
days. During the tests, nine pitting failures and two cracking
failures occurred. The outputs of the accelerometers were
digitized and processed by diagnostic algorithms. The
model-based methodology was applied and used to rank the
individual accelerometers. These rankings were found to
agree well with rankings obtained empirically.

This work was done by Vinay B. Jammu, Keming Wang, and
Kourosh Danai of The University of Massachusetts and David G.
Lewicki of the Propulsion Directorate of the U.S. Army Research
Laboratory for Lewis Research Center. For further information,
access the Technical Support Package (TSP) free online at
wuww.nasatech.com under the Mechanics category, or circle no.
123 on the TSP Order card in this issue to receive a copy by mail
(85 charge).

Inquiries concerning rights for the commercial use of this inven-
tion 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-16452.
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S Rolled-Up Ramp Deploys Itself

on Command

activated to release bindings.

The figure illustrates various aspects
of a springy ramp that can be rolled
tightly into a cylinder, which is then
wrapped circumferentially with tie-
down cables. On subsequent com-
mand, pyrotechnic devices can be acti-
vated to cut the tie-down cables, caus-
ing the ramp to deploy itself by
unrolling under its own spring force.
|  The ramp was designed to facilitate the
| egress of a small rover vehicle from the
; Mars Pathfinder spacecraft; modified
| versions of the ramp might be useful
on Earth as compactly stowed, light-

The ramp unfurls itself when pyrotechnic cutters are

NASA's Jet Propulsion Laboratory, Pasadena, California

weight, deployable emergency-exit
ramps in buildings, land vehicles, and
aircraft.

Lying lengthwise along the track are
two stainless-steel tubular spring
(STEM™, or equivalent) elements that
can be pushed flat, against their
springiness, for stowage. These ele-
ments provide the required strength,
stiffness, and deployment force. Five
crosswise aluminum alloy battens are
attached to the STEM™ (or equivalent)
elements. Thin stainless-steel tracks
are located on the outboard side of

Shim

Hook-and-Pile
Material

~

STEM'R P

(or Equivalent) /'\‘ o

RAMP DEPLOYED

STOWED RAMP ASSEMBLY

Track

Tie-Down
Cable

The Ramp Can Be Rolled into a cylinder for compact stowage until needed. On command, it unrolls

itself under its own spring force.

www.nasatech.com
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each spring element; in the original
spacecraft application, these are the
surfaces along which the vehicle
wheels are intended to roll. The tracks
are attached to the STEM™ (or equiva-
lent) and battens by screws and rivets,
respectively. The tracks play a large
role in reacting all inplane shear loads.

A lightweight aromatic polyamid/
epoxy open-weave mesh covers the
midspan of the ramp over most of its
length. The mesh is attached to, and
sandwiched between, the STEM™ (or
equivalent) elements and tracks, and is
pocketed for restraint at each batten. A
cylindrical spool is attached to the out-
board tip of each track and centered
on the axis of the corresponding
STEM™ (or equivalent) element. The
spools assist during initiation of roll-up
for stowage.

The inboard end of each STEM™ (or
equivalent) element is fastened to a
shim, which in turn, is attached to a
mounting surface. Continuous strips of
stainless-steel/nylon hybrid hook-and-
pile material are attached to the outer
sides of the top and bottom surfaces of
the tracks. These strips resist peeling

with just enough force to reduce the
speed of unrolling and to damp spuri-
ous unrolling movements, ensuring
coordinated deployment movement
like that of a carpet unrolling from a
fixed end.

When stowed, the ramp is rolled up
into a cylinder 7.62 cm in diameter and
42 cm long. Once the pyrotechnic
devices are actuated, it takes the ramp
about 1 second to unroll to its full
length of 136 cm.

This work was done by Lee Sword,
Howard Eisen, and Curtis Tucker of
Caltech and Brian Spence, Keith Edwanrds,
Jack Sanders, and Geoff Marks of Astro
Aerospace for NASA’s Jet Propulsion
Laboratory. For further information,
access the Technical Support Package (TSP)
Jfree 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 ($5 charge).

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel, NASA
Resident Office~JPL; (818) 354-5179.
Refer to NPO-19906.

) Identifying Loose Joints in an
Adaptive Truss Structure

Gaps are measured in a sequence of
static force-vs.-displacement measurements.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A method of identification of loose
joints in an adaptive truss structure is
based on identification of nonlinear
force-vs.-displacement behaviors in the
structural members connected via the
loose joints (see Figure 1). “Adaptive
truss structure” as used here denotes a
truss structure, at least some of the
members of which are active (see
Figure 2). An active member is one that
contains an actuator that can apply a
controllable force to the ends of the
member and/or cause a controllable
change in the length of the member.

Truss structures are made adaptive to
provide active control for suppression
of vibrations and/or to maintain pre-
cise geometric relationships among
optical components mounted on the
structures. Accurate knowledge of the
stiffness characteristics of a structure is
necessary for precise control. It is
important to identify loose joints
because looseness gives rise to large
changes in stiffness. When either or
both joint(s) at the end of a member is
(are) loose and the state of the struc-

0 R P I Y o AT

ture is such that the ends of the mem-
ber lie within the looseness gap, then
the member does not interact with the
rest of the structure and thus does not
contribute to the stiffness of the struc-
ture. The effect on the structure is
equivalent to that of removing the
member.

i

Displacement

Figure 1. The Load-vs.-Displacement Curve for a
member with a loose joint is nonlinear in that it
exhibits zero stiffness within the looseness gap
and nonzero stiffness on both sides of the gap.
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Figure 2. This Adaptive Truss Structure contains five active members. The black balls shown near the
ends of four of the passive members indicate that the joints at those ends of those members are loose.

The method of identification of loose
joints involves instrumenting the struc-
ture with displacement sensors and
using some or all of the actuators that
are already in the structure. First, some
combination of actuators is used to
stress the structure enough to close all
gaps. With all gaps closed, the structure

can be expected to exhibit linear load-
vs.-displacement characteristics.

Next, the applied loads are decreased
by small amounts while the correspond-
ing decrements in the displacements are
measured. If there is a loose joint, then
at some point in the unloading process,
the gap in it will open. A nonlinearity in

the plot of load-vs-displacement data
obtained in this unloading process indi-
cates that a gap has opened somewhere
in the structure. When the unloading
process is complete, the accumulated
number of such nonlinearities indicates
the total number of gaps that have
opened and thus the number of loose
joints.

Once the number of loose joints has
been established, their locations and the
sizes of the gaps in them are deter-
mined, one by one, in a recursive
sequence of measurements and calcula-
tions. In this sequence, known displace-
ments are applied via the active mem-
bers and the displacements of the ends
of the other members are measured and
compared with displacements computed
according to linear (no-gap) force-vs.-
displacement relations to identify specif-
ic gap-opening nonlinearities in joints in
which they occur.

This work was done by Robin J. Bruno 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
Mechanics category, or circle no. 120 on the
TSP Order card in this issue to receive a copy
by mail ($5 charge).
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* Machinery/Automation

¥ Heat Pump for Quick Warming of Automobile Passenger Space
The air-conditioner would be operated in reverse, drawing on exhaust heat.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed system for quick heating
of the passenger compartment in a
cold automobile would exploit the
vapor-compression cycle of an auto-
motive air-conditioner. The system
would likely cost and weigh less than
do quick-heating systems based on
storage and release of heat in phase-
change materials. Unlike an electric
heater, this system would not impose
an excessive additional drain on the
automobile battery.

The proposed system would consist
mostly of an ordinary automotive air-
conditioning system, with some addi-
tional switches, valves, and plumbing
to enable operation in either the
quick-heating mode or the traditional
cooling mode. In the quick-heating
mode, the vapor-compression cycle
would be run in reverse: whereas the
passenger-space heat exchanger serves
as an evaporator that takes heat from
the passenger space in the cooling
mode, it would serve as a condenser
that would deliver heat to the passen-
ger space in the quick-heating mode
(see figure).

The evaporator for the quick-heat-
ing mode would be an additional heat
exchanger in direct or indirect contact
with the exhaust pipe; this would make
it possible to provide much more heat
than could readily be extracted from
cold ambient air. Even in the coldest
weather, a typical cold idling engine
produces ample low-grade exhaust
condensation heat in the approximate
temperature range of 70 to 110 °F (21
to 43 °C). The refrigerant fluid passing
through the evaporator would absorb

some of this heat, and compression
would raise the temperature of the
fluid passing through the condenser
to about 150 °F (66 °C). This fluid
temperature is typical for an automo-
tive heater.

the evaporator once the engine has
warmed up. Alternatively, a more sta-
ble refrigerant could be used, such as
CO,, which has recently been demon-
strated on automobile air-condition-
ing systems.

Evaporator (Passenger-

Compartment Heat Exchanger) Vapor —
N
COOLING > 2
BOOE Engine Compressor € Air
‘g Flow
Vapor O |
Liquid ]
Condenser (Passenger-
Compartment Heat Exchanger) Vapor
HEATING =
MODE Engine :E_j:jCompressor

Exhaust

Evaporator (Heat
Exchanger on Tailpipe)

A

Vapor

The Vapor-Compression Cycle of the air-conditioner would be exploited for traditional cooling or for
quick heating, depending on valve and switch settings that would delineate flow paths.

One potential disadvantage of this
system is that the chlorofluorocarbon
refrigerant fluid of a typical automo-
tive airconditioner could decompose
when exposed to very high exhaust
temperatures. It is possible, however,
to overcome this disadvantage by use
of a thermal switch, such as a mani-
fold, to divert the flow of exhaust from

This work was done by Jack A. Jones of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
access the Technical Support Package (TSP)
free online at www.nasatech.com under
the Machinery/Automation category, or cir-
cle no. 165 on the TSP Order Card in this
issue to receive a copry by mail ($5 charge).
NPO-19868

¥ Designing Electrically Powered Actuators for Aircraft

Flight controls will be operated by relatively lightweight power-by-wire systems.
Dryden Flight Research Center, Edwards, California

Under the Electrically Powered
Actuation Design (EPAD) validation
program and as part of a joint Air
Force/Navy/NASA effort, Dryden
Flight Research Center has begun test-

QA

ing an electrohydrostatic actuator
(EHA) in its F/A-18 Systems Research
Aircraft (SRA). The EHA is a proto-
type of similar electrically powered
flight-control actuators that promise to

wuninir nacatarh carn

significantly reduce the weights, costs,
amounts of needed logistical support,
and amounts of needed maintenance
of future aircraft.

The EHA operates the left aileron in

ATACRA Tonlk Dical Nrt o 100M



the F/A-18 aircraft, without use of a
conventional hydraulic system that
would ordinarily power multiple
hydraulic mechanisms in the aircraft.
The EHA includes a hydraulic subsys-
tem that contains a small (in compari-
son with a conventional hydraulic sys-
tem) amount of hydraulic fluid. Taking
its signals directly from a flight-control
computer in the aircraft, the EHA uses
electrical power generated by the air-
craft engines to drive the pump in its
hydraulic subsystem.

For many years, NASA, the U. S. Air
Force, and the U. S. Navy have sought to
eliminate sophisticated but heavy
hydraulic systems in aircraft in favor of
electrical “power-by-wire” systems for
operating flight controls. Besides reduc-

tions in weight, cost, and the amount of
needed support, the incorporation of

such electrical systems eliminates the
need for hydraulic lines in fuselages and
wing boxes, thereby diminishing vulner-
ability in combat. The power-by-wire
arrangement will also reduce complexi-
ty and increase reliability.

A major milestone on the road to an

all-electric airplane, the EHA offers the
potential to eliminate or minimize
dependence on pneumatic, hydraulic,
and related mechanical systems during
flights of future aircraft. The EHA and
systems related to the EHA could lead
to fuel saving between 5 and 9 percent
on an all-electric passenger airplane, a
reduction of 30 to 50 percent in the
amount of needed ground equipment,
a reduction of takeoff weight by 600 to
1,000 1b (270 to 450 kg), and a 14-per-
cent reduction in the portion of the
area of a military aircraft that is vulner-
able to such threats as small-arms fire.
The U. S. Air Force Wright Labor-
atories (in Ohio) managed the overall
EPAD EHA program. Contractors in-
cluded Lockheed Martin (Bingham-
ton, New York), which was responsible
for the EHA electronic circuits and
other components; Vickers Electro-
Mech (Wichita, Kansas and Jackson,
Mississippi), for the pump and motor;
Dynamic  Controls Incorporated

(Dayton, Ohio) for the power-control
unit and interface control electronics;
and Dowty Aerospace (Los Angeles,

Figure 1. This Flight-Control Actuator comprising an electrohydrostatic actuator and electronic con-

troller are used to operate the left aileron in the F/A-18 Systems Research Aircraft, without need for

the usual central aircraft hydraulic system.

Figure 2. Flight Tests of the flight-control actuator in the F/A-18 Systems Research Aircraft were begun
in January 1996.
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California) for the assembled actuator. Dryden Flight
Research Center performed ground testing, installed and
integrated the EHA in the SRA, provided the necessary data-
acquisition systems, and was responsible for flight safety.

The EHA is the second of three actuators to be tested
under the EPAD program. In May 1993, Dryden Flight
Research Center first flew the SRA with a “smart” actuator
sponsored by the U. S. Navy and built by H. R. Textron. The
third actuator is an electromechanical one that Dryden will
fly on the SRA at the end of 1997.

This work was done by Gordon Fullerton, Harry Miller, Robert
Navarro, Mauricio Rivas, Joel Sitz, Bob Varanai, and Eddie
Zavala of Dryden Flight Research Center; Gavin Jenney of
Dynamic Controls, Inc.; Dave Dawson of Wright Laboratories;
Dennis Trosen of the U. S. Air Force; Sean Donley of the U. S. Navy;
and Joe Dutko of Lockheed-Martin. No further documentation is
available.

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

Bob Webb

Lockheed-Martin

600 Main St.

Johnson City, NY 13790-1888

(607) 770-2937

Refer to DRC-96-09, volume and number of this NASA Tech
Briefs issue, and the page number.

# Force-Feedback Device

for Microsurgery

This device provides an unprecedented
combination of accuracy, control,
and workspace volume.

NASA's Jet Propulsion Laboratory,
Pasadena, California

A force-feedback device for robot-assisted microsurgery
measures the position of a user’s hand with great sensitivity
— within 30 pm in translation and 0.07° in rotation. The
device acts as the master manipulator in a master/slave sys-
tem for extremely precise surgical procedures. It currently
provides force feedback to the user in 3 axes with minimal
inertia and friction but can be configured for 6-axis force
feedback. It is compactly packaged and is symmetric for
either right- or left-hand operation.

The device is set up to provide a maximum feedback force
of 6 oz (1.7 N), although it can produce a force up to 47 oz
(13 N) and a torque up to 42 oz-in. (0.3 N-m). It is prefer-
able to minimize the force feedback in order to minimize
friction and reflected inertia. It operates in a work envelope
of 50-mm diameter.

The device includes a tendon-driven arm that comprises a
base, shoulder joint, midarm link, elbow joint, forearm link,
and wrist joint. A stylus for user manipulation is attached to
the wrist (see figure). Motions along and around the various
axes are decoupled from each other by double-jointed, ten-
don-driven revolute joints described in “Double-Jointed,
Cable Driven Robot Arms” (NPO-19361), NASA Tech Briefs,
Vol. 20, No. 10 (October 1996), page 1b.

The base houses dc brushless motors that drive the joints
between the links to create the force feedback on the torso,

NASA Tech Briefs, October 1997



shoulder, and elbow axes. Also in the base are six high-reso-
lution optical encoders (40,000 counts per revolution) that
measure the positions and orientations of the arm links. The
use of high-resolution optical encoders — one for each axis
— reduces the amount of gearing needed to achieve the reqg-
uisite positional resolution without excessive friction.

A Surgeon Manipulates a force-feedback device, which is a master robot
arm used to control a slave robot arm that performs microsurgical manip-
ulations. The master arm reflects forces and torques from the slave back to
the surgeon’s hand.

This work was done by Timothy Ohm of Caltech for NASA’s Jet
Propulsion Laboratory. For further information, access the
Technical ~ Support Package (TSP) free online at
www.nasatech.com under the Machinery/Automation category, or
circle no. 152 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 elect-
ed 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-19822, volume and number of this NASA Tech
Briefs issue, and the page number.

F Rotordynamic Seal and

Bearing Tester

This tool advances seal bearing technology
through demonstration
in a realistic environment.

Marshall Space Flight Center, Alabama

A rotordynamic seal and bearing tester (RSBT) has been
developed to provide seal bearing data for space vehicles,
such as the Space Shuttle and the Reusable Launch Vehicle.
This RSBT is an improved version of an apparatus previous-
ly reported in “Dynamic Tester for Rotor Seals and Bearings”
(MFS-28493), in NASA Tech Briefs, Vol. 15, No. 12 (December
1991), page 80.
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The RSBT tool was designed to advance seal bearing tech-
nology through demonstration in a realistic environment
where data are reliably produced to specify the rotordynam-
ics and load-carrying capacity of seal bearings. Previous
experience has shown that conventional testers in which test
rotors are supported by ball bearings are ill-designed for test-
ing seal bearings.

The rotor of the RSBT is fully suspended on seal bearings
that are the very test article from which the rotordynamic
data are to be extracted with the instrumentation of the
tester. The tester design is based on the same bulk-flow analy-
sis used for the decision to retrofit the high-pressure turbo-
pumps in the Space Shuttle main engines. The instrumenta-
tion is a set of reliable proximity probes, readily accessible
from outside the tester housing for calibration and inspec-
tion. The test rotor is tubular to supply the test seal bearing
and the whirl bushing with lubrication without causing axial
thrust. The added benefit is a light rotor that has a high res-
onance frequency outside the speed range of the rotor.

The squeeze film of the seal bearing generates a strong
damping effect that makes the tester dynamically inert. The
tester and its rotor are coaxially arranged with a stationary
center bolt tying the two housing parts together. The bolt,
which runs through the bore of the rotor end to the other
end of the rotor, has multiple holes in the head to feed the
flow from the outside to the rotor bore.

The whirl bushing, which rides on the rotor, is suspended
on its own duplex seal bearing. It is lubricated as orifices
ooze liquid from the rotor to the duplex seal bearing gaps.
The liquid discharges into axial thrust bearings that axially
guide on the whirl bushing ends.

The rotor has two separate rings of orifices to feed the two
seal bearings of the whirl bushing independently. Two seal
bearings form the duplex seal bearing of the whirl bushing.
Thus stabilized against tilt disturbances, the whirl bushing
freely spins and generates a strong whirl force that eventual-
ly squeezes the seal bearings of the rotor.

The whirl bushing, together with turbines, makes the
tester leak-proof. This feature is essential for operating with
cryogenics and hazardous liquids. The housing completely
encloses the rotor and whirl bushing.

The tubular rotor is driven by its turbine at a constant
speed. The speed is recorded with pressure and temperature
as the test condition for a certain test. Test runs at different
speeds are made when investigating the effect of the speed
on the rotordynamic parameters of a test seal bearing.

Power for the RSBT is provided through pressurized water
or any other working fluid of the seal bearings being tested.
Therefore, the facility requires pumps for continuous test-
ing or a blow-down tank for short-duration test runs. The
RSBT testing facility consists of a laboratory room, the DSAS,
a fluid supply, fluid sump tank, pump speed control, vent
valves, electric power, a rack, and a tester pedestal.

The design of the RSBT is unique in its simplicity, low cost,
and reliability. This tool should eliminate the long-standing
misconceptions about fluid bearings and encourage the
design of less costly, yet highly reliable, turbopumps, motors,
hazardous-material pumps, jet engines, air-conditioners, and
nuclear equipment.

This work was done by George L. von Pragenau of Provident
Technology 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/Automation cate-
gony, or circle no. 110 on the TSP Order Card in this issue to receive
a copy by mail ($5 charge).

MFS-26472
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NEWS BRIEFS

Notes from Industry
and the Federal Laboratories

The White House announced that the
President intends shortly to name
Duncan T. Moore, dean of the School of
Engineering and Applied Sciences at the
University of Rochester, NY, as associate
director for technology of the White
House Office of Science and Technology
Policy (OSTP). The nomination is sub-
ject to recommendation by the Senate
Committee on Commerce, Science and
Transportation and to confirmation by
the full Senate. If the appointment is
approved, Moore will take a leave of
absence from the faculty and work close-
ly with President Clinton’s science advis-
er, Jack Gibbons.

Moore is an optical engineer and an
internationally recognized expert on
lens design whose research specialty is
the gradient index lens, a sophisticated
type in which the refractive index varies
along one of its spatial coordinates. In
1980 Moore founded Gradient Lens
Corp. to commercialize the technology.
The company produces high-quality,
low-cost borescopes and is developing a

new type of medical endoscope.

During the past decade, Moore has
played an important role in the modern-
ization of optics fabrication. His research
on using computers to guide the design
and manufacture of lenses, along with
similar work at Eastman Kodak, led to
the formation of the University’s Center
for Optics Manufacturing (COM), creat-
ed in 1989 jointly by the American
Precision Optics Manufacturing As-
sociation (APOMA), an industry trade
group, the Department of Defense, and
universities. Moore has also served as
director of the University of Rochester’s
Institute of Optics.

Precitech, a precision machine busi-
ness based in Keene, NH, reached con-
ditional agreement in July to be
acquired by Precision Instruments
Holdings Limited. Completion of the
acquisition was expected by last month.

Precision Instruments is the holding
company for Taylor Hobson, a metrolo-
gy systems designer based in the United
Kingdom and acquired from the Rank
Organization last year. One of Taylor
Hobson’s lines is the Pneumo diamond
turning machines, which over time will

be integrated with the Precitech line of

products. Don Brehm, original founder

of the company that produced the
Pneumo line and current president of
Precitech, will remain in that capacity
after the acquisition.

The National Institute of Standards
and Technology (NIST) and Schott
Glass Technologies Inc. of Duryea, PA,
signed a cooperative research and devel-
opment agreement (CRADA) to study
laser-light-transmitting glass and to
examine why ultraviolet light changes
the index of refraction in optical fibers
and bulk glass. Schott will supply novel
phosphate glass and silicate rare-earth-
doped glass compositions. NIST’s
Optoelectronics Division will provide
waveguide fabrication services and mea-
surement support for waveguide and
laser characterization, including optical
near-field analysis and mode index, loss,
lifetime, and spectroscopic and laser
performance measurements.

In addition, the partners will study UV
sensitivity of bulk glass samples, striving
to understand the physical mechanism
responsible for UV - light-induced index
of refraction change in glass. Schott will
provide glass samples and glass chem-
istry expertise to NIST, which will inves-
tigate techniques for measuring the sam-
ples’ UV sensitivity.

For More Information Circle No. 466
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Laser Probe for Characterizing Droplets in Clouds
Incipient icing of aircraft surfaces could be detected and quantified.

Lewis Research Center, Cleveland, Ohio

The figure shows the outward
appearance and optical layout of a
laser probe for measuring water
droplets in clouds. This probe is a pro-
totype of instruments that would be
mounted on aircraft or used in icing
wind tunnels for real-time measure-
ment of droplet sizes (typically of the
order of microns) and determination
of the liquid water contents of clouds
to quantify the potential for accretion
of ice on aircraft surfaces. Similar laser
probes are used to measure the sizes of
solid particles and liquid droplets sus-
pended in flowing gases and liquids in
a variety of natural, industrial, medical,
and agricultural processes.

This probe is called an “Airborne
Droplet Analyzer” (ADA-100), which is
based on the phase Doppler tech-
nique, which is an extension of the
laser Doppler velocimeter technique.
As in a laser Doppler velocimeter, a
laser beam is split into two coherent
beams, which are then made to inter-

sect in a small probe volume, where
they form interference fringes. A
droplet moving through the probe vol-
ume scatters light in a burst of oscilla-
tions (called a “Doppler burst”) as it
passes through the interference
fringes. The scattered light includes
far-field interference fringes with a
spatial interval inversely proportional
to the size of the droplet.

Some of the scattered light is
focused onto a small aperture.
Mounted in precise positions behind
the aperture are the input ends of
three optical fibers, each of which
feeds light to a photomultiplier tube.
The outputs of the photomultiplier
tubes are fed to a Doppler signal
analyzer (DSA), which is capable of
processing signal components at fre-
quencies up to 160 MHz. The DSA dig-
itally samples the photomultiplier out-
puts and performs discrete Fourier
transforms to determine frequencies
and phases.

By the laser Doppler velocimeter
principle, the outputs of the three pho-
tomultiplier tubes for the Doppler
burst of a given droplet oscillate at the
same frequency, which is proportional
to the velocity of the droplet through
the interference fringes. By the phase
Doppler principle, the difference
between the phases of the oscillations
in the outputs of any two of the pho-
todetectors is proportional to the size
of the droplet. Thus, one can calculate
the size of the droplet from the phase
difference for two photomultipliers.
The use of three photomultipliers
instead of two extends the range of
phase measurements and thus droplet
sizes that can be determined, affords
some redundancy for verifying calculat-
ed droplet sizes, and provides a basis
for rejecting spurious signals from scat-
tering by ice crystals.

To characterize a cloud, it is neces-
sary to accumulate data from many
Doppler bursts to obtain, among other

Spatial Filter
(Small Aperture)

Heated Regions it
Flow 150 mm OUTWARD APPEARANCE
He/Ne Laser
(Power = 10 mW)
Optical Fibers to

Photomultiplier Tubes

Mirror

Supporting
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Beam-Splitting Prism

Transmitter
Focusing Lens
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This Laser-Based ADA Probe measures the sizes of cloud water droplets under icing conditions. The regions indicated by shading are heated to prevent

icing of the probe.
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things, a dropletsize distribution. In
interpreting and using the droplet-size
distribution, it is necessary to correct
for the variation of the probe volume
(and thus the sensitivity of the probe)
with droplet size. One also needs veloc-
ity and frequency-of-droplet-arrival
data, along with the droplet-size distri-
bution, to calculate the liquid water
content of the cloud.

In tests in the NASA Lewis icing
research wind tunnel, the probe has

been shown to measure liquid water
contents repeatably and accurately
within 20 percent of nominal expected
values over a wide range of operating
conditions. At the time of reporting
the information for this article, tests
aboard the NASA Lewis Twin Otter
research aircraft were planned.

This work was done by R. C. Rudoff, E.
J- Bachalo, and W. D. Bachalo of Aeromet-
rics, Inc., for 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. 180 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 Rd., Cleveland, OH 44135.
Refer to LEW-16158.

Tailored Scattering of Light for Better Illumination

Sources of light would appear to be spread nearly evenly over larger areas.
Lyndon B. Johnson Space Center, Houston, Texas

Two types of light-scattering devices
have been proposed to make artificial
illumination more nearly even and dif-
fuse, as many people seem to prefer.
The general concept of using light-scat-
tering devices to make artificial illumi-
nation more comfortable is not new:
what is new are the specific proposed
design concepts for light-scattering
devices, which may prove to be more
effective for the purpose than prior

light-scattering devices have been.

In designing light-scattering devices
for artificial illumination, the effect
that one seeks to achieve is to make
each source of light (incandescent or
fluorescent bulb) appear to occupy an
area much larger than its actual size
and to emit diffuse light evenly over
the much larger area. In the case of
multiple sources of light (e.g., a ceiling
array of incandescent or fluorescent

bulbs), one seeks to make all the
sources appear to blend into one
source that occupies a substantial area
of (or the entire) ceiling and to emit
diffuse light evenly from the entire
area.

According to one of the two propos-
als (see Figure 1), the sources in a ceil-
ing array would be connected by a flat
translucent sheet made of transparent
plastic or glass filled with light-scatter-

\
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Ceiling

Source (Fluorescent or ~<——Hanger
Incandescent Lamp)

Translucent Shee!

Couplmg Taper

DETAIL OF COUPLING TAPER

Figure 1. Light Propagating in the Sheet by internal reflection would be
scattered out, providing diffuse illumination.

ing particles. The light would be coupled from each source
into the sheet via a coupling taper that would be integral
with the sheet. The coupling taper would provide a transi-
tion in light-transmission cross section from the source to
the surrounding area of the sheet. The outer surface of the
taper would be covered with a thin, partially reflective layer
of metal so that light traveling directly from the source
through the taper to the space below would be no brighter
than the light scattered from elsewhere in the sheet.

The density of the particles would be made to vary with
position in the sheet, such that the brightness of light scat-
tered from every point on the sheet would be approximately
the same. The needed spatial variation of density could be
determined experimentally and/or theoretically.

According to the other proposal (see Figure 2), light
would be scattered from both an upper white diffuse reflect-
ing surface (which could be the ceiling) and by a translucent
sheet below the sources. Additional layers of translucent
material would be stacked under each source in a judicious-
ly chosen pattern to obtain increased diffuse reflection of

White Ceiling or Other White Diffuser

Source (Incandescent

or Fluorescent Bulb) -— Hanger
\ Translucent
\/ A A
L Sheets .~
I_O'\ /O“
F A / Y
p————

Figure 2. Additional Layers of Translucent Sheets would be placed under
the sources to obtain additional back-scattering under the sources.

light up to the ceiling in the vicinity of the source. As before,
the net effect would be more nearly even illumination of the
space below.

Devices of the second type were successfully developed,
and they created a very even illumination with equal or
slightly less light loss than that produced by standard, dis-
crete, commercial diffusers. A prototype of the first type was
also made and evaluated.

This work was done by Hendrik Gerritsen of Advanced
Environmental Research Group for Johnson Space Center. For
further information, access the Technical Support Package (TSP)
free on-line at www.nasatech.com under the Physical Sciences cate-
gory, or circle no. 181 on the TSP Order Card in this issue to receive
a copy by mail ($5 charge).
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Real size:
3.25 inches.

With all the confusion about laser line generators, LASIRIS
invites you to see the light. For machine vision, industrial
inspection, alignment and R&D applications, our unique
patented design and unbeatable customer service combine

to give you the power of uniform precision. So when it comes
to structured lighting, LASIRIS is the first and only choice for
all your standard or custom needs. And that's not just a line.

* Uniform intensity distribution
* Focus adjustment down to 25um

* Interchangeable pattern heads
(Single line, Crosshair, Multiple lines, Dot line, Dot matrix,
Circle generators and custom patterns)

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

* Full CDRH safety compliance

* Compact and rugged design

* Available from stock

See for yourself. Call 1 -800"‘81 4-9 552

— and cross the line to quality.
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For U.S. customers, FOB West Chazy, NY
3549 Ashby Street, St-Laurent, Quebec, Canada H4R 2K3
Tel: (514) 335-1005 Fax: (514) 335-4576
Internet: http://www.lasiris.com E-mail: sales@!asiris.com
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~ Call for FREE

¢t information

Efficient and Precise
Temperature Control

& Remote operation using
Fuji Electric I1SO 9001 PID
Controllers

& Compact size, saving up
to 50% amount of space

& Modular design with
unrestricted access to
all components

& Easy to maintain with
lift-off bonnet

& Capacities from 1kW to
100kW

& Temperature, flow, and
level alarms

& OEM and special
configurations
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“From crystal growth
to finished blanks.”

To see how Lattice can
work for you, fax us at:

PLAITICE

—— From crystal growth fo finished bianks

Quick Quotations & Expedited Delivery on your
Silicon & Germanium optical materials.

m Custom Prototypes
m High Volume Production
m Standard Fabrication Services

406/587-9055

516 East Tamarack
Bozeman, MT 59715
406/586-2122
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Experiments on Growth of
GaN on MgAl,O,

NASA’s Jet Propulsion Laboratory,
Pasadena, California

A report describes an experimental study of the growth of
gallium nitride on magnesium aluminate substrates. GaN
exists in wurtzite and zinc-blende phases; the zinc-blende
phase is more desirable for use as a semiconductor in opto-
electronic devices. MgAl;O, would be an excellent candidate
substrate material for epitaxial growth of GaN, except that
there is a mismatch of 10 percent between the GaN and
MgAl; O, crystalline lattices. In the experiments, low pressure
metal/organic chemical vapor deposition from triethylgalli-
um and ammonia source gases was used to grow GaN on
(111)- and (100)-oriented MgAl,O, substrates, with the
expectation that the threefold symmetric (111) MgAl;O, sub-
strate would promote the growth of wurtzite GaN, while the
fourfold-symmetric (100) MgAl,O, would favor the zinc-
blende phase. As expected, the GaN film that formed on the
(111) substrate was of single-crystal wurtzite, albeit with a
high density of stacking faults near the GaN/MgAlL,O, inter-
face. However, the GaN film that formed on the (100)
MgAl;,O, substrate was not single-crystal zinc blende as
expected; instead, the GaN film was found to be divided into
five different regions, four of which contained the wurtzite
phase in various lattice orientations and one containing the
zinc-blende phase. Interfacial bonding, rather than lattice
mismatch, appears to play a key role in determining the epi-
taxial characteristics of GaN films on MgAl,O,.

This work was done by Thomas George and William T. Pike of
Caltech for NASA's Jet Propulsion Laboratory. 7o obtain a
copy of the report, "Novel Symmetry in the Growth of Gallium
Nitride on Magnesium Aluminate Substrates,” access it free on-line
at www.nasatech.com under the Materials category, or circle no.
182 on the TSP Order Card in this issue to receive a copy by mail
($5 charge).

NPO-19871

Holographic Microtags for
Security Applications

A complete low-cost security system utilizes
state-of-the-art extreme-UV microlithography

for tagging DRAM chips, microprocessors,
CDs, bank cards, etc.

Sandia National Laboratories,
Albuquerque, New Mexico

A holographic microtag is a tiny computer-generated holo-
gram (CGH) that measures 56 pm by 88 um and contains
0.15-um features. The small dimensions allow a microtag to
be easily hidden on a microchip or in a cluttered image on a
credit card. When properly illuminated with a laser beam,
the CGH forms a distinctive diffraction pattern several cen-
timeters away from the microtag. The complete microtag-
readout system consists of a laser diode, focusing optics, and
an observation diffuser screen or a CCD camera.

Microtags are arrays of 0.3-um-period gratings. They are
read out with blue light (442 nm) using the geometry shown
in the figure. The laser readout beam illuminates a microtag
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at a steep angle. The 64 grating patch-
es arranged in an 8-x-8 array diffract
the beam back toward a CCD. With this
geometry, the phase at each patch can
be changed by moving the correspond-
ing grating a fraction of the 0.3-um
period. The grating is translated per-
pendicular to its lines (see the figure).
The reflectance amplitude of each
patch can be reduced by trimming the
corresponding grating. Note that
phase is produced in one exposure
step. This property makes microtags
realistically mass-producible. Microtags
can be arranged in clusters that require
readout from a multitude of azimuth
angles. The cluster may be easy to find
but it will be difficult to decipher and
duplicate, making forgery unprof-
itable.

A microtag can be designed to form
arbitrary application-specific diffrac-
tion patterns. These patterns can be
alphanumeric characters or abstract
pixel codes decodable by a computer.
The design process begins with the
desired diffraction intensity pattern,
such as the letter “E.” The next step is
an iterative algorithm that ultimately
calculates a set of complex numbers
that define the microtag. Each com-
plex number represents a reflectance
amplitude and a phase. By translation
and trimming of the individual grat-
ings, the set of complex numbers
obtained by the design algorithm is
represented in a microtag.

The research compared a predicted

Oyveranher 1007

irradiance pattern created by an 8-x-8-
patch microtag and the observed irra-
diance pattern. The pattern had some
lumps in it due to speckle. This effect is
seen as a “fingerprint,” unique to the
starting point of the microtag-design
process and therefore an added com-
plication to a would-be forger.
Furthermore, the introduction of a
computer into the microtag system
allows automated pattern recognition.

The microtag concept has been
demonstrated with a HeNe laser read-
out source (632.8 nm) and 80-um-by-
160-um microtags composed of 0.2-um
features. Smaller microtags that mea-
sure 56 um by 88 pm are currently in
fabrication. These smaller microtags
contain 0.15-uym features and are
designed for readout at 442 nm (HeCd
laser source). Finally, microtags
embedded in a protective polymer
medium are in production.

Like any mass-produced item, micro-
tags are not impossible to forge. The
advantage of the microtag concept,
however, is the relative ease with which
a very complex and difficult-to-repli-
cate security feature can be fabricated.
The complexity can be adjusted to
make counterfeiting of items protected
by microtags unprofitable.

This work was done by William C. Sweatt
at Sandia National Laboratories and
Michael R. Descour at the University of
Arizona. For further information contact
W.C. Sweatt at (505) 845-8566 or
wsweatt@sandia.gov.
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JML OPTICAL

Precision Optics since 1972

PAST...PRESENT...
FUTURE

In the past 25 years, JML
has emerged as one of
the world's best designers
and manufacturers of
precision optics. Our
engineering staff has over
125 years of combined
experience in the field of
multi-element optical
systems.

Present Our newest catalog and

—internet home page
immediately bring you
any of our thousands of
stock components and
multi-element systems.
These easily accessible
services allow you to
build prototypes quickly
and qualify your equip-
ment before production.

Your future is our future.
JML Optical will be there
for all your long range
production needs. We
are also developing inno-
vative high speed tech-
niques to produce and
provide high quality preci-
sion optics and coatings
to the optical community
in the next millennium.

Future

Call, fax or e-mail us today with
your requirements and to receive
a copy of our latest catalog.

— JML
JML Optical Industries, Inc.
690 Portland Avenue
Rochester, NY 14621
Phone (716) 342-8900
Fax (716) 342-6125

e-mail jml@jmlopt.com
Internet: http://www.jmlopt.com
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SEE YOUR UV AND INFRARED

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

1. Sensitivity from 180nm to 1550nm
High resolution and low cost
Easily replaceable parts

18 month warranty
. Custom optics

6. UL listed

7. Tripod mountable
8. Free carrying case

9. Hand-held portability

10. Technical service available

oA W N

Call our TECHNICAL SALES GROUP at
1-800-355-4FJW for more information.

FJW OPTICAL SYSTEMS, INC.

629 VERMONT STREET R-SCOPE"
PALATINE, ILLINOIS 60067 @ med m
PHONE: (847) 358-2500

FAX: (847) 358-2533
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Measure surface stress
and retained austenite

NONDESTRUCTIVE RESIDUAL STRESS ANALYSIS
SYSTEMS AND SERVICES.

¥ TEC Model 1630-3 Series Stress Analyzer
Designed for use on the factory floor or in the laboratory.
X-ray diffraction technique, no destructive sectioning.

V¥V TEC Stress Services Group

Residual stress analysis and retained austenite analysis.

w4&—— PRODUCTS and LAB SERVICES
10737 Lexington Drive, Knoxville, TN 37932

http://wwwitecstress.com/tec
423-966-5856 fax: 423-675-1241

Fast, accurate analysis performed in our lab or at your site.
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Optical Correlator Has
Adjustable Sensitivity to

Translation

This instrument can recognize partly
obscured, modified, and imperfectly
aligned objects.

NASAs Jet Propulsion Laboratory,
Pasadena, California

A compact optoelectronic image correlator of the Vander
Lugt type is designed for adjustable sensitivity to, and some tol-
erance of, translation of an image or object to be recognized.
Denoted a “translation sensitivity adjustable compact optical
correlator” (TSACOC), this instrument can recognize partly
obscured, modified, and imperfectly aligned images and
objects. In contrast, Vander Lugt correlators of older design
are characterized by fixed sensitivities to translation and are
unable to recognize such images and objects. The TSACOC
offers advantages of speed and storage capacity over older opti-
cal correlators. The basic TSACOC design can be adapted to a
variety of commercial applications, including recognition of
fingerprints, verification of paper money and credit cards, pho-
tographic identification, and literature searches.

The TSACOC includes a laser with optics to generate a colli-
mated beam of light, a spatial light modulator, a multichannel
replication holographic element, Fouriertransform lenses, a
holographic matched spatial filter (MSF) with an electronically
controlled array of shutters, and an array of photodetectors in
a classification output plane. Adjustability of sensitivity to trans-
lation is achieved by use of a converging reference laser beam.

Reference Beam
(Converging Laser Beam)

Object Plane  Known MSF Plane Correlation Plane
Lens Object
MSF
Object Beam N
(Collimated
Laser Beam) H S

RECORDING

Object Plane Object To Be MSF Plane  Correlation Plane
L Recognized
ens \ 0g \ MSF
/

Object Beam N t
(Collimated S

Laser Beam)

READOUT

Figure 1. Recording and Readout in the TSACOC are performed with simi-
lar (nominally identical) configurations. Unlike in other optical correlators,
a converging reference beam is used in recording.

In operation in the object-recognition mode, the collimated
laser beam passes through the spatial light modulator, which
enhances the beam and enters the input image to be identi-
fied. The beam as spatially modulated by the image then pass-
es through the multichannel replication holographic element,
which contains images of all the known objects to be searched.
Continuing on its way, the beam then passes through a Fourier-
transform lens to the MSF with its electronically controlled
shutters, where a matching function is performed. Finally, the
beam as thus processed impinges on the classification output
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Figure 2. This Simplified TSACOC is an experimental prototype of an instru-
ment for recognizing fingerprints.

plane, forming whichever one of the stored images correlates
with the input image.

Figure 2 schematically illustrates a simplified experimental
TSACOC for recognizing fingerprints. An MSF containing the
information on a known fingerprint is made by use of both the
object and reference beams, with the known finger pressed
against the prism. Thereafter, to verify that an unidentified fin-
ger is the same finger as that represented in the MSF, the ref-
erence beam is blocked off, and the unidentified finger is
pressed against the prism. Experiments have shown that it is
desirable to provide a fixture to hold the finger as nearly as
possible in the same position in which it was held while making
the MSF. A preliminary prototype, which is the size of a suit-
case, has been built for commercialization.

This work was done by Hua-Kuang Liu and Neville Marzwell of
Caltech forNASA’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. 183 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 com-
mercial use should be addressed to

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315-6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19808, volume and number of this NASA Tech
Briefs issue, and the page number.

Fiber-Optic Catheter Probe

Would Measure Temperature
The probe could be used in a human artery.

NASA’s Jet Propulsion Laboratory,
Pasadena, California

Figure 1 schematically illustrates a proposed multiple-wave-
length infrared radiometric instrument with a catheter probe
that would be used to determine the temperatures of the
inside walls of tubes, cavities, and the like. The instrument
could be useful in a number of industrial and biomedical
applications; for example, to monitor the temperature of a

Oyetaher 1007

Laser Chillers

® Capacities from 1kW to 100kW
® Compact & Portable

® Refrigerated & Non-Refrigerated
® Custom Configurations

® Always CFC-Free
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603/539-3600® FAX: 603/539-8484
PO Box 1000 Ossipee, NH 03864 USA
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Piezoelectric
Sensors and
Assemblies

Whatever your sensor application,
we have the capability to produce
piezoceramic components, attach
wiring and assemble packaging.

We've built sensor assemblies for
fiber optic X-Y positioning, gas leak
detectors, inertial guidance systems,
commercial broadcast tape head
alignment, touch screen sensors,
vibration monitoring and various
medical sensors including blood
pressure monitors and dopplar flow.

Our assembly capability also includes %
a full range of testing at quality levels
equivalent to mil spec standards,
including environmental cycling.

Morgan Matroc Inc

AElectro Ceramics Division 4 4
232 Forbes Road

Bedford, Ohio 44146 USA = s :“‘ :1
(440) 232-8600 dd 4d
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human arterial wall from within.

The catheter probe would consist of
two optical fibers, a guide wire, and a
balloon. The fiber-optic tip has a device
on the end that gives a radial field of
view, rather than a forward view. This
allows localization of measurement.
One of the optical fibers, called the “sig-
nal” fiber, would transmit infrared radi-
ation from the surface to be monitored
to the radiometric equipment. The
other optical fiber, called the “refer-

ence” fiber, would be coated with a
reflective material at the probing end
and would provide the radiometric
equipment with radiation that would be
used to compensate for any gradients of
temperature along the probe. In order
to avoid absorption by water in the
blood, as well as scattering by cellular
blood components, the measurement is
done from within a balloon. An expand-
able balloon is inflated to contact the
artery walls, and the fiber-optic tip mea-

sures the balloon-wall temperature from
the inside. Since the balloon is in con-
tact with the artery wall and has a small
thermal mass and conductance, it has
the same temperature as the artery wall.

The radiation leaving the optical
fibers would pass through a rotating cir-
cular band-pass infrared filter, the pass
band of which would vary with rotation
angle in a predetermined way. The fil-
tered radiation from each fiber would
be detected, then digitized as a function

Reference
Fiber

Infrared
Radiation — -

Axis of
Rotation

Photodetectors

|

S—

To Analog-to-Digital
Converter and

Balloon (Similar to
Balloon Used in
Angioplasty)

Catheter

Signal Fiber

P

Rotating Filter (Viewed Edge On)

Data Processor

Figure 1. Optical Fibers in the Catheter Probe would carry infrared radiation from the probe tip to the radiometric equipment.

Affinity manufactures re-
frigerated chillers and nonre-
frigerated heat exchangers,
designed to meet the de-
mands of industry and the
precise requirements of sci-
ence. President Fred Piehl
founded Affinity in 1990 on
the concept that more reliable
and efficient chillers could be
constructed by incorporating
the latest technology and
advanced design into a prod-
uct that had been built the
same way for 50 years. Affinity
products achieve cooling
through plate heat exchang-
ers, the most efficient style
available, enabling smaller
compressors to do more work,
saving energy, and reducing
noise. Standard digital micro-
processors provide precise
temperature control, even
under fluctuating heat loads.
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ADVERTISEMENT

THECHNOLOGY
LEADERS

Profiles Of Pathsetting Companies Serving The Engineering Field

AFFINITY INDUSTRIES INC.

Chillers and heat exchang-
ers should not only supply
reliable  service, Affinity
believes, but should be user-
friendly as well. Affinity builds
all its chillers and heat
exchangers around a unique
modular design. Fully remov-
able bonnets allow unrestrict-
ed access to all components.
Internal components with
related functions are grouped
together, saving space and cre-
ating a sensibly laid-out unit.
Options, including restricted
materials coolant loops, de-
ionization packages, filters,
heater packages, and commu-
nications packages, are more
easily and effectively incorpo-
rated into modularly designed
units. Affinity’s design also
allows the refrigerant circula-
tion, coolant circulation, and
electrical systems to be indi-

vidually specified to meet cus-
tomer needs.

Customers’ needs do not
end with the design, construc-
tion, and shipment of a chiller
or heat exchanger, however.
Since its founding, Affinity has
been actively engaged in edu-
cation programs developed to

For More Information Circle No. 475

help its customers understand
their chillers’ operation. And
Affinity’s 24-hour support team
always stands by its customers
and its products.

For more information about
Affinity Industries, PO Box 1000,
Ossipee, NH 03864, call (603)
539-3600; fax (603) 539-8484.

October 1997



anure 2 To a Close Approximauon, the black-body spectra of dlfferent tem-
peratures in the range of interest merge at a wavelength of 3 pm; this feature

provides a reference for calibration.

of time, then processed to obtain a spec-
trum from the known relationships
among the rotation angle of the filter as
a function of time, the nominal wave-
length of the pass band as a function of
the angle, and the sensitivity of detec-
tion as a function of wavelength.

LNSTH

The temper-
ature would be
taken to be
that of the
black-body
spectrum that
best fit the
compensated
spectrum from
the signal fi-
ber. One of the
salient features
of the pro-
posed instru-
ment is that it
would auto-
matically pro-
vide a refer-
ence for each
black-body
spectrum in
the biological temperature range of
interest (300 to 310 K). It would do this
by sampling at a wavelength of 3 pm
(in addition to other wavelengths). A
reading at 3 pm constitutes a reference
because the intensities of all black-body
spectra in this temperature range at

this wavelength are so nearly equal (see
Figure 2) that they can be taken to be
equal for the purpose of calibration.
This feature “locks down” the low-wave-
length side of the spectrum.

This work was done by Gregory H.
Bearman, Michael L. Eastwood, and
Timothy N. Krabach 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 Life Sciences catego-
1y, or circle no. 184 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

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19452, volume and number
of this NASA Tech Briefs issue, and the
page number.

IMPROVE
ANY FUZZY
PROBLEM
WITH APART!

* World’s leading stray
light program! ¢ Improve your signal-to-noise ratio
(SNR) in any optical system. ® Optimize your con-
trast/detection on any ground- or space-based sys-
tem. ® Specify your surface quality and BRDF from a
full coating library. * Calculate ghost, glints, and
particle problems before they happen. Breault
Research Organization Inc., 6400 East Grant Rd.,
Ste. 350, Tucson, AZ 85715; Tel: (800) 882-5085 or
(520) 721-0500; FAX: (520) 721-9630. E-mail:
sales@breault.com; http://www.breault.com
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Breault Research Organization Inc.
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OPTICS FOR
METROLOGY

New 1997 caualog contains
120 pages of information
and prices on toolmakers’
microscopes, stereo micro-
scopes, alignment micro-
scopes, monocular zoom
microscopes, micro-tele-
scopes, pocket microscopes,
borescopes, micro video lenses, and fiber optic and
miniature illumination systems. Also described are
centering microscopes, optical cutting ool geome-
try analyzers, X-Y tables, and microfinishing equip-
ment. Titan Tool Supply Co., Inc.; Tel: 716-873-
9907; Fax: 716-873-9998.

Titan Tool Supply Co.
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NEW! OPTICS &
OPTICAL INSTRUMENTS

Edmund Scientific's free 272-page
catalog features our machine vision
components and one of the largest
selections of precision off-the-shelf
optics and optical instruments. Our precision off-
theshelf optics, TechSpec™ Optics and optical
components can take you from design, to proto-
type, to final production. We provide technical
design and production solutions. Over 8,000 sci-
entific and technical products, including magni-
fiers, lasers, microscopes, telescopes, “machine
vision,” and video microscopy. Tel: 609-573-6259;
Fax: 609-573-6233; E-mail: B971N948@edsci.com;
web site: www.edsci.com

Edmund Scientific Co.
Industrial Optics Division, Dept. B971N948
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.é, — = 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 lenses, filters,
prisms, mirrors, beamsplit-
ters, reticles, objectives, eye-
pieces, plus thousands of
other stock items. At off-theshelf prices. Rolyn also
supplies custom products and coatings in prototype or
production quantities.

Rolyn Optics

706 Arrow Grand Circle, Covina, CA 91722-2199
Tel: 626-915-5707; Fax: 626-915-1379
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LASER TEST 22
LASER DIODE
CONTROLLER

The Laser Test 22 laser diode
controller offers drive power
and versatility. The laser diode
is designed to simultaneously

power an internal TEC (10
Exro { VA) and an external, high-
power TEC (90 VA). The Laser Test 22 provides low
noise, safe operation, and two photodetector inputs
for internal or external APC. EXFO Electro-Optical
Engineering Inc., 465 Godin Ave., Vanier, P.Q. GIM
3G7, Canada; (418) 683-0211; 800-663-3936; Fax:
418-683-2170.

EXFO E.O. Engineering Inc.
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SPACE STATION T-SHIRT

Colorful rendition of orbiting station superimposed
dramatically on back of black shirt; image of Earth
on front left side. 100% cotton. Adult L or XL.

$12.95 Add $5.00 for handling and shipping charges
Mail payment to: NASA Tech Briefs, Dept F
317 Madison Ave, New York, NY 10017
For credit card orders call (212)490-3999
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NEW PRODUCTS

PRODUCT OF THE MONTH

Laser Cutting System for Micromachining

New Wave Research, Sunnyvale, CA, describes the EzLaze™ as a small
solid-state laser cutting system designed for semiconductor failure
analysis, design verification, LCD repair and other micromachining
applications. Available in single- and multiwavelength models that
include New Wave's patented Advanced Beam Delivery System
(ABDS), Ezlaze features singleshot, 1-Hz- or 5-Hz-burst pulse repeti-
tion rates. Mounted on the Mitutoyo FS60 or A-Zoom microscopes, it
can produce uniform, repeatable cuts ranging from 1 X 1 pm to 50 x
50 pm. Three wavelengths-1064 nm, 532 nm, and 355 nm-are available
at the flip of a switch. Energy output is 0.6 m]; pulse widths vary from
5 to 7 ns depending on wavelength. EzLaze comes with PCLaze™, a
Windows interface that allows users to select cut size, triggering, and
wavelength through a computer running Windows 95 or Windows NT.

For More Information Circle No. 793

On-Machine Form Error
Measurement
The Ultracomp™ on-machine
form measurement system from
Precitech, Keene, NH, features
corrective form error compensa-
tion. Measurement is performed with an ultraprecise
air-bearing linear variable differential transformer
probe mounted next to the cutting tool. The
Ultracomp software processes the data, compares it
with the ideal surface profile, and after presenting
the error on the machine’s controller screen gener-
ates an errorcorrected tool path program that
removes repeatable symmetrical errors from the
workpiece. Precitech says Ultracomp systems are cur-
rently being used in single-point diamond turning
and precision grinding.

For More Information Circle No. 795

Single-Mode
Connector
Compatible with
FC/SC
Seiko Instruments USA
Fiber Optics Group,
Torrance, CA, introduces a new quick fiber optic con-
nector assembly that it says is the only one in the
industry compatible with both FC and SC connector
styles, The SUP-1 Universal Connector features pre-
assembled, one-piece crimp technology and uses a
proprietary funnel-type preradiused ferrule. The con-
nectors accommodate 3-mm, 2-mm, and 0.9-mm fiber
types. Insertion loss is less than 0.5 dB typical, and
return loss is less than -50 dB typical (Ultra PC polish).
Available from stock, the SUP-1 is priced at $6.50 in
quantities less than 1000.

For More Information Circle No. 796

Expanded Optical
Design Software
Optical Research Associates
(ORA®), Pasadena, CA, an-
nounces CODE V version 8.20,
which the company calls a major update to its CODE
V optical design software. ORA says the new version
has a wealth of new features that enable lens design-
ers to analyze and optimize a wider variety of optical
systems with greater power and ease. Many new sur-
face types, such as superconic, thirtieth-order
aspherical, compound parabolic concentrator, and
3D cylindrical and circular Fresnel, have been
added. Another new capability is analysis and opti-
mization of optical systems using Zernike polynomi-
al coefficients. It is being shipped on CD-ROM for
faster installation.

For More Information Circle No. 794

Multi-Channel
Dense WDM
Laser Source
Profile Optische
Systeme GmbH,
Karlsfeld, Germany,
offers the modular
PRO 8000 series multichannel laser source for dense
wavelength division multiplexing applications. The
system, which provides up to 8 channels in each
mainframe, can be cascaded, resulting in up to 64
individual channels of stabilized laser radiation in
the 1550-nm range. Each source can be custom-
selected and spaced according to the ITU-T recom-
mendations. Features include wavelength tuning via
temperature and internal modulation, GPIB inter-
face, and drivers for LabVIEW® and LabWINDOWS?®.
For More Information Circle No. 797

UV/Visible Light
Source

The Novacure™
EFOS Canada
Mississauga, Ontario,
Canada,
processor-controlled
ultraviolet and visible light source capable of pro-
viding up to 20,000 mW/cm* of radiant power. A
built-in radiometer is removable for calibration to
NIST standards. The Novacure is a lightweight unit
with adjustable intensity and a high-efficiency cool-
ing system that the company says prolongs lamp
life. The “lamp-in-a-drawer” design makes for easy
replacement and eliminates the need for focusing,
EFOS says. The unit has a switching power supply

from
Inc.,

is a micro-

UV Microscope
for Defect
Analysis

Carl Zeiss, Thorn-
wood, NY, says its
Axiotron 2 UV mi-
croscope is the first
to have deep UV (DUV) imaging. Designed for qual-
ity control and defect classification of structures
below 0.25 micron, the Axiotron 2 UV is optimized
for idine (365 nm) and DUV (248 nm) analysis. A
high-resolution scanning stage allows positioning to
defect sites using navigation software. The micro-
scope achieves a resolution of less than 0.03 micron
per pixel on the wafer within a measurement field of
20 x 20 microns. Objectives include the patented
Zeiss DUV Ultrafluar 100x/0.9.

(90-264 VA).
For More Information Circle No. 798
TE Thermal
Reference Source
Assemblies

A new addition to the
thermoelectric cool-
er product line from
Marlow
Dallas, TX, are Thermoelectric Thermal Reference
Source Assemblies (TTRS), hermetically sealed
devices consisting of a TE cooler, an emitting sur-
face, and a temperature sensing device which are
used in conjunction with control-servo electronics.
The company says the assemblies provide high slew
rates and low power consumption. Marlow calls the
TTRS ideal for calibrating radiometers and for-
ward-looking infrared systems used for surveillance,
process control, and “hot-spot” applications.
For More Information Circle No. 801

Industries,

14a

Laser Protective
Lenses
Trinity Technologies,
Minneapolis, MN, adds
to its laser eyewear line
Clear View protective
lenses that permit the wearer to see all colors of the
spectrum when using a ruby laser. A proprietary lens
coating provides protection for ruby lasers with an
optical density of 6+ at 694 nm and a visible trans-
mission of more than 80%. The filter also provides
protection against alexandrite, diode, Nd:YAG,
holmium, and erbium lasers. Because the filter
allows the wearer to see red, the company says it is
particularly useful in medical laser applications
where accurate perception of skin color is particu-
larly important.

For More Information Circle No. 802
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Low-Noise Laser
Diode Drivers
Newport Corp., Ir-
vine, CA, bases its
new Series 5000 laser
diode drivers on the
technology it incor-
porated in its 6000
and 8000 Series modular controller products. The
company says the low-noise, highly stable, high-pre-
cision current sources include models with maxi-
mum current outputs of 500 mA, 3 A, and 6 A. They
feature an internal function generator that is pro-
grammable from 200 Hz to 300 kHz with either
sinewave or squarewave output, providing a means to
generate datacom and telecom test tones for system
evaluation.

For More Information Circle No. 800

Optical Parametric
Oscillator

The ScanLine-S™ from
Lambda Physik, Ft
Lauderdale, FL, is a
solid-state optical para-
metric oscillator designed for the 355-nm output of
the company’s StarLine diode-pumped solid-state
laser. The compact system offers tunable output
from the visible through the near-infrared (410-2500
nm), with TEMy, mode quality. The company says
that unlike traditional OPO/pump combinations
that offer low repetition rates only, StarLine makes
possible operation of ScanLine-S at up to 1 kHz.
Specially coated resonator mirrors allow the OPO to
be tuned over the entire spectral range without any
change of optics.

For More Information Circle No. 803
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| Holographic Lithography With Phase Feedback

Better gratings can be made at lower cost.
Marshall Space Flight Center, Alabama

Phase feedback can be used to stabi-
lize interference fringes in holographic
lithography. For decades, holographic
lithography has been used to make pre-
cise gratings for scientific and industrial
applications. The figure schematically
illustrates a typical interferometer used
in holographic lithography, with or with-
out phase feedback. A laser beam is split
into two beams, which are reflected and
spatially filtered to produce two beams
with spherical or planar wavefronts that
impinge on an exposure station. A vari-
able attenuator is used to adjust the irra-
diance of one of the beams to make the
irradiances of both beams equal (this
adjustment maximizes the

duce larger, higher-contrast gratings

while using a vibration-isolation table of

lower quality and thus lower cost.

The present phase-feedback tech-
nique involves a beam-splitting optical
flat mounted on the exposure station
just above (out of the plane of the fig-
ure) the photosensitive film. Each of the
two beams coming from the left and
right is partially reflected from, and par-
tially transmitted through, this optical
flat, and the overlapping reflected and
transmitted beams on each side is sam-
pled by a photodiode. The overlapping
beams are characterized by “bull’s-eye”
(in the case of spherical wavefronts) or

paralleHine (in the case of planar wave-
fronts) fringe patterns that arise because
of interference between the transmitted
and reflected beams. In the bull’s-eye
case, the central spot and the successive
rings on one side tend to darken, while
the central spot and the corresponding
rings on the other side tend to brighten.

The difference between the two bull’s-
eye patterns depends on, and fluctuates
with, the fluctuating phase difference
between the right and left laser beams.
The photodiodes sense the irradiances
in the central spots, and thus the out-
puts of the photodiodes indicate the
instantaneous difference between the

achievable fringe contrast).
A photosensitive film (e.g.,
a photographic emulsion or
a photoresist on a suitable
substrate) is mounted on
the exposure station, where
it is exposed to the interfer-
ing laser beams.

In the absence of deliber-
ate stabilization measures,
mechanical vibrations of an
interferometer used in
holographic lithography
give rise to fluctuations in /
the relative phases of two Mirrors
interfering laser beams, \\
causing the interference
fringes to oscillate. This
oscillation degrades the
quality (in particular, when
averaged over the exposure
time, it degrades the con-
trast) of any grating that
one attempts to make by
use of the interference
fringes. Heretofore, it has
been standard practice to
attempt to stabilize the
fringes by mounting the
interferometer on a high-
quality vibration-isolation
table. The present tech-
nique using phase feedback
is potentially more effective
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for stabilizing the fringe
pattern in space and time,
making it possible to pro-
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This Interferometric Apparatus is used in holographic lithography. For phase feedback, the difference between the
phases of the right and left beams is measured by use of the two photodiodes positioned at the centers of the bull’s-
eye interference patterns. A feedback signal derived from the outputs of the photodiodes is applied to the phase
shifter to cancel the phase difference.
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phases of the two beams. The outputs of
the photodiodes are amplified and oth-
erwise processed into a high-voltage sig-
nal that is applied to a Pockels cell or
other phase shifter in the path of one
beam to cancel the phase difference.
This work was done by Eric Hyde
Anderson, Henry I. Smith, and Mark L.
Schattenburg of Massachusetts Institute of

Technology for Marshall Space Flight
Center. For further information, access the
Technical Support Package (TSP) free on-line
at wwuw.nasatech.com under the Manufac-
turing and Fabrication category, or circle no.
172 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

Massachusetts Institute of Technology

77 Massachusetts Avenue

Cambridge, MA 02139

Refer to MFS-26299, volume and number
of this NASA Tech Briefs issue, and the page

number

E Soldering Parts Together at Precise Faying Surfaces

By capillary action, the faying surfaces are pulled into intimate contact.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A special method of low-temperature
metal bonding (in essence, a special
method of soldering) has been devised
for joining two parts at faying surfaces
that are required to conform to submi-
cron tolerances. In principle, the
method is not limited to joining parts
made of a particular material or geome-
try; however, in practice, the method is
likely to be particularly useful for bond-
ing micromachined silicon wafers to
form miniature sensors and actuators.

The method is best explained by use
of an example in which two silicon
wafers are joined at flat surfaces. First, a
shallow groove or pit is made at each
bonding location in the affected surface

of one wafer. The required depth of the
groove or pit depends on the specific
application and is typically of the order
of 1 pm. Part or all of the recessed sur-
face in the groove or pit is coated with a
thin layer of titanium/tungsten alloy fol-
lowed by a thin layer of gold: this layered
metal coat is needed because it is wet by
a molten eutectic alloy that is to be used
as the solder. The entire affected surface
of the other wafer, or at least the part of
the surface that faces the metal-coated
portion of the recess in the first wafer, is
similarly coated so that the solder can
wet both wafers at the bonding location.

In this example, the eutectic alloy is
made of aluminum and germanium. A

thicknesses, and colors.

® Provides excellent cushioning,
insulation, and compression
strength properties, as well as
superior thermal, chemical,
and moisture resistance.

¢ Can be die-cut, vacuum-
formed, adhesive-coated,
laminated, sewn,
embossed, and printed.

THINK VOLTEK!

THINK FOAM!

The design possibilities offered by
Voltek’s closed-cell, crosslinked
polyolefin foams are virtually endless.

¢ Offered in a wide range of densities,

e Available in roll, sheet or bun form.

To find out more, fax us at (508) 685-9861 or call
1-800-225-0668 to receive a free “Thought Starter”.

' Joltek, Division of Sekisui America Corporation
100 Shepard Street

Lawrence, MA 01843 ‘
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layer of aluminum 1 pm thick is deposit-
ed on part of the coated portion of the
recessed surface in the groove or pit. A
layer of germanium 0.6 pm thick is
deposited on the aluminum. The com-
bined thickness of the aluminum and
germanium exceeds the depth of the
groove so that the top of the germanium
layer protrudes slightly above the wafer
surface. However, the combined vol-
umes of aluminum and germanium are
chosen so that when they are subse-
quently melted, the volume of the result-
ing aluminum/germanium alloy will be
less than that of the groove or pit.

The second wafer is placed like a lid on
the first wafer with the bonding locations
aligned. The wafers are clamped together
and heated to a temperature near the
eutectic melting point, causing the alu-
minum and germanium to diffuse into
each other to form the molten eutectic
aluminum/germanium alloy. Because
the molten alloy wets the metal-coated
surfaces of the wafers, it spreads out on
those surfaces, thereby pulling the two
wafers toward each other by capillary
action. Because the volume of the molten
alloy is less than that of the groove or pit,
the spreading and pulling continues until
the faying surfaces of the wafers are in
intimate contact with each other.

The joined wafers are then cooled.
The coefficient of thermal expansion of
the eutectic alloy exceeds that of the
wafers; therefore, differential thermal
shrinkage of the alloy during cooling
pulls the two wafers together even more
tightly.

This work was done by Frank T. Hartley of
Caltech and Paul M. Zavracky of
Northeastern University for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, access the Technical Support Package
(TSP) free online at www.nasatech.com
under the Manufacturing and Fabrication
category, or circle no. 102 on the TSP Order
card in this issue to receive a copry by mail ($5
charge).

NPO-19477
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I Soldering Stacked
Integrated-Circuit Chips

Connections would be made
on broad surfaces and edges.

NASA’s Jet Propulsion Laboratory,
Pasadena, California

An advanced concept of fabrication and packaging of elec-
tronic circuitry calls for soldering and similar thermal bonding
to form intimate electrical, mechanical, and thermal connec-
tions between adjacent stacked silicon and other wafers,
including integrated-circuit chips. The method would provide
additional options for designing and fabricating high-density
electronic circuits in robust packages.

The concept is a generalization of the method described in
the preceding article, “Soldering Parts Together at Precise
Faying Surfaces” (NPO-19477). For example, (see figure)
eutectic metal alloy bonds in grooves and pits, as described in
the preceding article, could simultaneously constitute wireless
electrical interconnections, high-thermal-conductance paths
for dissipation of heat, and strong mechanical bonds between
adjacent chip layers in a stack of chips. Optionally, a suitable
plastic could be used, instead of a eutectic alloy, in joints in
which thermal and electrical conductance are not required.

Electrical connections through one or more chip layer(s) or
through an entire stack could be made by etching holes com-
pletely through the affected chip(s) and depositing metal in
the holes. Electrical connections could also be made at and
across the edges of stacked chips by selective etching and met-
allization of the edges.

This work was done by Frank T. Hartley 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 Manufacturing and Fabrication category, or circle no. 132
on the TSP Order card in this issue to receive a copy by mail (85
charge).

NPO-19473

Eutectic Alloy

STACKED CHIPS WITH EDGE CONNECTIONS

A Eutectic Alloy (e.g., solder), placed in grooves in amounts that do not
quite fill the grooves, would be used to make electrical, thermal, and
mechanical connections between stacked integrated-circuit chips. Electrical
connections could also be formed on the edges of stacked chips.
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EGC is the name to know
for reliable, cost-effective fluid
sealing products. Our line
includes Thermafoil®/Grafoil®

Dig into a box that’s
all free prizes and no cereal.

pre-formed rings, die-cut gaskets,
Thermabraid® braided packing,
Tri-Clad™ custom seals, and more.
And right now you can get a free
Engineering Design Kit full of
EGC product samples. You'll
also get a copy of our new
interactive catalog on CD.

. To request your

| Engineering Design

) Kit, call EGC today
at 800.EGC.0211.

Or visit our web site at
www.egc-ent.com. We'll get
your kit to you right away. Best
of all, the neat stuff won't be
buried at the bottom of the box.

7315 Industrial Parkway = Mentor, OH 44060

©1997 EGC Eamepeies, Inc. 800.EGC.0211 » www.egc-ent.com.
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Intelligent IR Thermometer takes the
emissivity guess work out of

Temperature Measurement.

Pyrofiber® AEMS high performance thermometer
dynamically measures both the target emissivity
and radiance to produce the true target temperature.

* Microprocessor based system
insures accuracy to + 5°F

* Six temperature models from
1100°F to 5400°F

* Measures Emissivity from
0.01 to 1.00 = 0.01

* LCD displays target
Emissivity, uncorrected,
Corrected temperature

* Connects directly to standard
industrial controllers via
4~20 mA or RS232

Fiber Optic Sensors
* Rugged industrial NEMA 4
* Hostile environments to
Sensor Heads: 600°F
F.O. Cables: 225°F
» Standard&Custom Sensors
Target Distance: 4" to 120"
Target Sizes: 0.04" to 2.50"

| For complete information Call 1-800-HOT-PYRO. ||

f\ PYROMETER INSTRUMENT COMPANY, INC.
K. 234 INDUSTRIAL PARKWAY « NORTHVALE, N.J. 07647 USA

Phone: 201-768-2000 * Fax: 201-768-2570
PYROMETERS
V Email: pyroinfo @ pyrometer.com
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E Fabricating and Testing an Ultrathin Mirror

A network of pockets and manifolds minimizes handling and damage risks to mirrors

during fabrication and testing.
Marshall Space Flight Center, Alabama

A new method to fabricate and test
ultrathin optics has been developed to
improve on the traditional process. This
method uses a block not only to support
the optic during processing but also to
support the optic in a nearly strain-free
deterministic manner during testing.

The rear surface of

pockets during machining, grinding,
and polishing.

This network of pockets and mani-
folds is also used to supply abrasive slur-
ry to the interface between the optic
and the block during match grinding
operations. During grinding, a change

cleaning fluids. This in situ cleaning
reduces the risk to the optic by elimi-
nating the need to lift and handle the
optic. :

Upon completion of the match grind-
ing and cleaning, the front surface of
the optic, attached to the body by vacu-

um, is machined to

the optic (which is
larger than the speci-
fied dimensions of the
finished optic) is
ground against the
front surface of the
block to form match-
ing surfaces. Vacuum,
which is  applied
through a manifold to
a network of pockets
machined into the
block, secures the
optic to the block for
optical fabrication. For
testing, the air is
forced through the
manifold, floating the
mirror on a uniform
film of air between the
block and the optic.
The network of care-
fully designed pockets
and manifolds is
machined into the
front surface of the
block before it is
ground against the
rear surface of the
optic. Each pocket
consists of a central
vent, a land, and an
annular exhaust vent.
Two manifolds are
used to connect the
pockets — one con-
nects all the central

To Central Vent Manifold —/

A New Method for Fabricating and Testing an Ultra Thin Mirror

Concave Surface of Blocking Body

Annular Exhaust Vent
Land
Central Vent With
/ Restrictor Plate

\— To Exhaust Manifold

near-final thickness, fine
ground, polished, and
figured.

Support  for in-
process and final testing
of the optic is accom-
plished by supplying air
or a similar gas through
the central vent of each
pocket. This gas is vent-
ed through the annular
exhaust ring surround-
ing each central vent.
The airflow through
each central vent is con-
trolled by a precision
restrictor plate. If the
total cross-sectional area
of the restrictor plates is
small compared to the
capacity of the supply
manifold and the annu-
lar exhaust vents, the air
pressure at the inlet of
each restrictor plate will
be identical. This will
result in an equal, nor-
mal pressure being ex-
erted on the mirror at
each pocket since an
equal amount of gas is
flowing through each of
the orifices. Using this
known force, the thick-
ness of the optic, and
the configuration of the
pockets, the gravity-

vents, the second con-
nects the annular ex-
haust vents.

The mirror blank is firmly attached to
the block for machining to near final
thickness, fine grinding, polishing, and
figuring by applying and maintaining a
partial vacuum on both the central and
exhaust vents. The annular exhaust
vents and the separate manifold are
required for subsequent operations
when the pockets are used to support
the mirror during testing. The partial
vacuum, as well as the number, spacing,
and pocket design are chosen to mini-
mize the deflection of the optic into the

92

A Pocket-and-Manifold System is used during fabrication and testing of an ultrathin mirror.

to a finer abrasive can be made without
removing the optic from the block by
simply feeding a finer abrasive slurry
through the manifolds, flushing away
the coarser abrasive. When grinding is
complete, the interface between the
optic and the block is cleaned without
separating the two components. Water
or other cleaning fluid is pumped
through the manifolds, flushing away
any remaining abrasive slurry. If neces-
sary, dry air can be blown through the
manifolds to evaporate any remaining

www.nasatech.com

induced deformation of
the optic can be deter-
mined and subtracted
from the measured figure of the optic
to obtain the actual figure. In situ test-
ing eliminates handling of the thin,
fragile optic and the associated risks.
This work was done by Howard D. Hall of
Marshall Space Flight Center. For further
information, access the Technical Support
Package (TSP) free on-line at wuw.nasatech.
com wunder the Manufacturing and
Fabrication category, or circle no. 187 on the
TSP Order card in this issue to receive a copy
by mail ($5 charge).
MFS-31174
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» Predicting Where Terminated Unpiloted Aircraft Will Land

An algorithm updates estimated ground impact locations in real time for improved safety.
Dryden Flight Research Center, Edwards, California

An algorithm has been developed
at Dryden Flight Research Center to

enhance range safety during tests of

unpiloted aircraft [also called “unin-
habited aerial vehicles” (UAVs)]. On
the basis of current information on

winds and an estimate of the rate of

descent of the UAV, the algorithm
estimates, in real time, the loca-
tion where the UAV would
impinge on the ground if its
test flight were suddenly termi-
nated. The predicted location
of impact is shown continuous-
ly on a range safety officer’s
moving-map video display so
that the flightpath of the UAV
can be selected to avoid ground
assets (e.g., manmade struc-
tures) in the event that the
flight must be terminated. The
algorithm can be adapted easily
to various termination tech-

niques.
Every unpiloted aircraft
operating at Dryden Flight

Research Center is required to
contain a flight-termination sys-
tem (FTS) to ensure that the
aircraft does not leave the des-
ignated airspace or range in
the event that normal com-
mand and control is lost. In
addition, the location where
the UAV would strike the
ground is of concern inasmuch
as the designated airspace
includes areas of high value. A
means of predicting where a
UAV will land is critical for real-
time flightpath management.
Algorithms in use at other
range facilities were designed

The moving-map display (see fig-
ure) provides continuous informa-
tion on the present horizontal loca-
tion, altitude, speed, and heading of
a UAV, plus range boundaries and
other information. Additional opera-
tional boundaries can also be dis-
played; these boundaries can be des-

(UAV/(Keep-Out’Zones)
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* Areas identified as “Designated Airspaces” are spin areas located within the test range.

* The irregularly shaped regions identified as "UAV (Keep-Out-Zones)” are the boundaries of dry lake
beds in the test range.

* The small circle identified as a “UAV (Keep-Out Zone)" is the location of the Dryden radar facility.

* No “Keep-Out" zones are shown in this graphic.

* The line identified by the arrows is the test-range boundary.

The estimate of the location of
impact is based on the assumption
that the aircraft descends as though
under a parachute. Thus, the rate of
descent is characterized by a para-
chute drag coefficient and reference
area. The predicted location of
impact is a function of the altitude of
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(Test{Ranges)
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for high-kinetic-energy aircraft.
The need at Dryden Flight
Research Center was for an
algorithm that could account
for low-speed (low-kinetic-energy)
aircraft. In addition, the algorithm
was required to operate in real time,
to be flexible in its ability to account
for a variety of termination tech-
niques, and to provide a reasonable
estimate of the location of impact.

NACA Tourkh Remafe Drtnbher 10097

ignated as UAV keep-out zones. They
are typically drawn around ground
assets. During the flight, the range
safety officer provides guidance to
the UAV operator so that the predict-
ed location of impact does not enter
any UAV keep-out zone.

umirmar nacatarh Ao

The Moving-Map Display presents continuously updated information on the present three-dimensional loca-
tion, velocity, and other flight parameters, and of the estimated location of impact in the event of termina-
tion of the flight.

the UAV, the assumed rate of descent,
and the magnitude and direction of
the wind. The wind data are critical;
they are used by the algorithm to pre-
dict the down-range drift during the
descent. Wind data are obtained
from weather balloons launched
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Patriot Sensors and Controls
introduces a new line of pressure
transducers for aircraft
applications, featuring sensor

technology that's a step ahead of

other pressure transducer designs.

Highlights:
Static Accuracy: :0.1% FS

Absolute Accuracy: less than <1.5% FS
(within compensated temp range,
includes all errors)

Insulation Resistance: :100 Mohm
at 500 VDC

Operating Temp: -65 to 250°F,
wider ranges available

Certifications: FAA - TSO & CAA
Certified Units

Service: FAA, JAA Authorized
Repair Center

PATRIOT

SENSORS & CONTROLS

Tel: 800.581.0701
Fax: 805.583.1526
www.xducer.com

...High Accuracy?
..Low Cost?
..Long Term Stability?

..High Insulation Resistance?

We proudly present:
Silicon on Sapphire

Pressure Transducers
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Measures & Records 3D Acceleration

ST

Instrumented
Sensor Technology
4704 Moore Street
Okemos, Ml 48864-1722
517/349-8487 Fax: 517/349-8469
E-Mail Address: info@isthg.com
Web Site: http://www.isthg.com

| Definmg the
_ State—of-th&Aﬂ

~ Seff-contained.
battery powered
field aata recorders
for mechanical
measurements
* Shock, vibration, strain,
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prior to and throughout the flight of the UAV. In general,
the data from the balloons are available in altitude incre-
ments of 1,000 ft (305 m). The data are contained in a sep-
arate file called the “winds file.”

The purpose of the FTIS is to keep the UAV within the
designated airspace or range. The advantage provided by
the algorithm is an ability to make a termination decision
with more confidence that the UAV will not drift to an
impact in a sensitive area. Indeed, termination can be
delayed to enable the UAV to clear a ground asset. Once
the FTS has been activated, the algorithm continues to
update the predicted location of impact (provided that
accurate altitude data are still available).

The algorithm has been adopted by several UAV opera-
tors, who use it in their command-and-control stations; this
offers the advantage of redundancy with the Dryden control
room for protection against a display failure. The simplicity
of the algorithm (approximately 240 lines of code) enables
its incorporation with even modest equipment. The use of
the algorithm greatly increases the flexibility and safety of
UAV operations at Dryden Flight Research Center.

This work was done by Jeff Bauer of Dryden Flight Research
Center. For further information, access the Technical Support
Package (TSP) free on-line at www.nasatech.com under the
Mathematics and Information Sciences category, or circle no.
157 on the TSP Order Card in this issue to receive a copy by
mail (85 charge).
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@ Dynamic Routing for

Networks With

Random Connectivities

Throughput would be maximized by use of
routing along the least populated paths.

NASA’s Jet Propulsion Laboratory,
Pasadena, California

A developmental algorithm for dynamic routing of mes-
sages and assignment of servers in a communication net-
work implements a simple, stationary joint routing and ser-
vice policy. Unlike a previously developed routing algo-
rithm, the present algorithm is not based on stationarity
and precise knowledge of connection probabilities; it is
suitable for a network with connectivities and connection
probabilities that are unknown and/or that vary with time.
When fully developed, the algorithm could be used to
increase the capacities of wireless-communication net-
works, for example.

The routing and service policy and the corresponding
basic theoretical version of the algorithm were derived for
a mathematical model of an N-node acyclic network with a
single input node and a single output node (see figure)
and the following other characteristics:

* The basic topology of the network is fixed.

* All jobs enter through the single input node, and there is
at most one arrival during any given time slot.

® Each server (node) is always connected to all of its output
queues.

® During each time slot, there is some probability that each
server is either connected to or disconnected from each
of its input queues.

NASA Tech Briefs, October 1997



® During each time slot, each server
must decide which of its connected Pss
input queues to serve and into which
of its output queues it should place
the completed job. P12
The basic policy and algorithm,
implemented independently by each .
server, is as follows: Upon completion Input
of each job, each server would calcu- Py3
late the number of jobs queued up
along every path from itself to the des-
tination and would dispatch the just-
completed job along the path contain-
ing the fewest jobs. If two or more

Pss

1 o La « i This Single-Input, Single-Output, Six-Node Network is a simple example of a network with random
paths to the destination were equally  connectivities. Each symbol P, denotes the probability that server j is connected to the output of serv-
populated, one would be chosen at  eriduring a given time slot. Each numbered node denotes a server.

random. Each server would always —
serve whichever of its input queues was
the longest according to the most
recent calculation. f ‘

In performing its routing calcula-
tions, the server would utilize queue-
length information that it obtained
from the rest of the network. This
information could be attached, for
example, to acknowledgments of
receipt of packets of data. Each server
must know the lengths of all the
queues in the network, but knowledge ’
of connection probabilities is not
needed. Thus, the network would
respond dynamically to changes in |
network connection probabilities.

It has been demonstrated theoreti- ‘
cally that the foregoing policy and

e —
g= J§' 5p

Cosmic strings and universe contours made visible with IE 3.0 on a DEC 3000 with 256MB RAM.

I am a theoretical cosmologist studying the origin and structure of the uni-
verse. IRIS Explorer helps me visualize clusters of galaxies as interactive,
3D datasets. And we're dealing with some big datasets. Using IE routines like
Volume Rendering is like having a telescope that can see 350 million light
years, or like creating a huge spaceship that can whiz around in deep space
algorithm would maximize the net- ’ and examine our simulation. IE accelerates my work and makes it easy to
otk throughbut and redule in stabi- show o non-experts. I'm currently studying the core sizes of clusters of galax-
by BIgrunA : 2 Ue-Li Pen, Ph.D. jes in numerical simulations. These were unknown until we ran out simula-
lization of the network in the sense Genter t“f-.,, tions with IE. Being able to calculate their size is quite an event.
that queue lengths at the intermediate ASOpynos
nodes of the network would be stabi-
lized if these lengths were stabilizable w.-l t lRIS E:xpl h l ]
at all. In practice, the queue-length a can 0rer e p y““ See'
information available to each server
would not always be entirely accurate
and timely; however, it has been con-
jectured that the stability of the net-
work would be robust with respect to
delays in queue-length information.
The results of an initial simulation in
software have been interpreted as sig-
nifying that the algorithm would per-
form well over a broad range of inputs
and under partial or delayed queue-
length information.

Medical imaging. chemistry,

This work was done by Keith Scott of and fluid dynamics are
Caltech for NASA’s Jet Propulsion m ':;d Md":‘;andm
Laboratory. For further information, i appl‘llrau"ﬁ

access the Technical Support Package IRIS Explorer.
(TSP) free on-line at www.nasatech.com
under the Mathematics and Information
Sciences category, or circle no. 176 on the

TSP Order Card in this issue to receive a : !R‘S Explorer — bringing you a new view of science. ®

copy b)‘ mail (85 cha rge). Now offered by NAG for numerous UNIX workstations and Windows NT Nm
This software is available for commercial NUMERICAL ALGORITHVIS GROUP, INC,

licensing. Please contact Don Hart of the

California Institute.of Technology at (818) i 1400 Opus Place. Suite 200 » Downers 60315-3702

Fax: (630) 971-2706 « hilp://wwy

1ag.com e info-ntb@nag.com

393-3425. Refer to NPO-20188. ‘ (630) 971-2
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Life Sciences

& Continuous Unidirectional

Locking Orthotic Joint

New orthotic joint can help rehabilitate patients

with knee and ankle injuries.

Marshall Space Flight Center, Alabama

A continuous unidirectional
locking orthotic joint has been
designed to help rehabilitate
patients with knee and ankle
injuries. In some cases, this device
can also be used during recovery
from wrist or elbow injury.

During rehabilitation with the
unidirectional locking joint, the
patient gradually stretches the dam-
aged joint toward full extension.
The orthotic joint aides in this ther-
apy by resisting flexion of the joint,
while still allowing extension.

To flex the braced limb, the
patient simply releases the locking
feature manually. This allows the
unidirectional joint to rotate freely
through the normal range of flex-
ion. When used for knee or ankle
joint recovery, this device also pre-

Wheel Housing

Housing Pins/

Hollow Shaft
B S YY Y Y Y Y Y Y YT

Retaining

Ring
Compression
Ring

vents the damaged joint from col-
lapsing because it can bear the full
weight of the patient.

This continuous unidirectional
locking orthotic joint was designed
using a hinge-type joint with a man-
ually selectable continuous locking
feature. Two long straps with boltholes
allow it to be attached to standard
orthotic brace parts. When this new joint
is used in the knee area, for example,
one side of the hinge joint is attached to
the thigh portion of the brace, while the
other is attached to the calf portion. Two
identical joints are required for this type
of application.

One of the principal novel features of
this joint, the use of an overriding clutch
as the mechanism that allows free rota-
tion in the sense of extension but locks
when rotation in the sense of flexion is
attempted, can be compared with two
similar previously developed orthotic
joints. These two joints were discussed in
NASA Tech Briefs articles “Automatic
Locking/Unlocking Orthotic Knee Joint”
(MFS-28633), Vol. 18, No. 5 (May 1994),
and “Improved Automatically Locking/
Unlocking Orthotic Knee Joint” (MFS-
27997), Vol. 19, No. 5 (May 1996).

www.nasatech.com

A Compression Spring operating inside a hollow shaft
locks and unlocks the continuous unidirectional locking
orthotic joint by urging the housing and its pins into
engagement with the wheel. This spring acts through a
retaining ring, which is affixed to the shaft and pro-
trudes from the housing through the hollow shaft.

Another novel feature is the method
of controlling the locking and unlocking
of the joint. Like the previously devel-
oped joints, this device includes an over-
travel stop to prevent hyperextension.
The configuration of the joint and of the
overrunning clutch affords an unprece-
dented capability for operation without
the need for additional connecting
members.

This work was done by Bruce Weddendorf
of Marshall Space Flight Center. For fur-
ther information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Life Sciences
category, or circle no. 166 on the TSP Order
Card in this issue to receive a copy by mail
(85 charge).

Inquiries concerning rights for commercial
use of this invention should be addressed to
the Patent Counsel, Marshall Space Flight
Center: (205) 544-0021. Refer to MFS-
31114.

NASA Tech Briefs, October 1997
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& Improved Spherical Gas Bearing
The improved bearing makes a ball-and-socket joint nearly frictionless.
Lyndon B. Johnson Space Center, Houston, Texas

A spherical gas bearing that serves as
a low-friction ball-and-socket joint
incorporates improvements over older
spherical gas bearings. The improve-
ments are such as to create a safer joint
that is even closer to being frictionless.
Also in comparison with a typical older
spherical gas bearing, the improved
bearing can be manufactured at lower
cost, can be made smaller for the same

magnetic levitation and alternative
joints. Both conventional (non-gas-
bearing) ball-andsocket and rod-end
joints can support large loads, but they
exhibit high levels of internal friction.
Magnetic levitation relies on sophist-
cated control systems that consume
much power and that induce undesir-
able eddy currents and magnetic fields.
In comparison with the present spheri-

includes three major components: (1) a
ball with an integral stem, (2) an upper
socket body that contains a hemispheri-
cal socket, and (3) a lower socket body
that contains a partial continuation of
the spherical socket surface and that
includes a hole through which the stem
passes (see figure). These components
can be made from any number of metal
alloys or a combination of metal alloys.

Lower
Socket Ball
Body
Stem S

T Pressurized
Air In

Diameter
4.5in.

This Improved Spherical Gas Bearing is basically a ball-and-socket joint lubricated by pressurized air that is injected via holes in the ball. The prototype was

made from stainless steel and aluminum bronze.

load capacity, and offers more freedom
of rotation. Researchers at the Johnson
Space Center use this spherical gas
bearing with various satellite mockups
to simulate the frictionless conditions of
microgravity for crew training. Bearings
like this one can also be used in other
applications to provide rotational free-
dom with low friction for large loads.
This spherical gas bearing offers
advantages over other means of sup-
porting large loads; such means include

2b

cal gas bearing, older types of spherical
gas bearings are more expensive to
manufacture because they include jew-
eled orifices in gas passageways that are
machined into their sockets. Moreover,
unlike the present spherical gas bear-
ing, older spherical gas bearings gener-
ally have no provisions to contain their
balls in their sockets, so that the older
bearings are less safe.

This spherical gas bearing has a basic
ball-and-socket configuration and

www.nasatech.com

The upper and lower socket bodies
start out as square (viewed along verti-
cal lines) blocks, and the spherical
depressions that constitute their bear-
ing surfaces are machined into them,
with the center lines of the spheres
coincident with the vertical center lines
of the blocks. The diameter of the sock-
et is slightly larger than that of the ball.
The lower socket body serves mainly to
prevent inadvertent separation of the
bearing — an important safety consid-
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eration in applications that involve inter-
actions with humans. In addition,
changes in the mounting of the lower
socket body cause changes in airflow
patterns and in the level of clearance
between the ball and the upper socket
body.

The stem is used to rigidly attach the
bearing to a mount and to deliver pres-
surized air to the narrow radial gap
between the ball and socket surfaces. A
passageway for the pressurized air is
machined through the center of the ball
and along the axis of the stem. The pres-
surized air enters through a single ori-
fice at the base of the stem. Near the top

Even Underyl

Motion Technologies Group

1-800-77 SERVO

Fax: 540-731-0847

Internet: http://www.kollmorgen.com

of the ball, branch passageways deliver
the pressurized air to exit holes, the
number and arrangement of which can
be chosen to maximize the load capacity
of the bearings. The exit holes contain
bronze inserts (in place of the jeweled
inserts of older designs).

Once the socket is assembled around
the ball and pressurized air is supplied,
the gap between the ball and socket
becomes filled with pressurized air,
which exerts an upward force on the

socket. When the net upward force of

the air equals the weight of the socket
plus any attached load, the socket levi-
tates, allowing more air to enter the cav-

ity. The film of pressurized air continues
to increase until equilibrium is reached
between the pressure and volume of the
incoming air and the load on the socket.
Traveling fully along the surfaces of the
ball/socket interface and then dissipat-
ing into the atmosphere, the air serves as
a lubricant, centering the socket on the
ball and preventing contact between the
ball and socket surfaces.

This work was done by Thomas Smith of
Johnson Space Center. No further docu-
mentation is available.

MSC-22718
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@Electronic System

for Teleoperation
of Robotic Vehicles

Control is implemented with
less complexity and at less
cost than in older systems.

NASA's Jet Propulsion Laboratory,
Pasadena, California

The Surface Navigation and Sim-
ulation System (SNSS) is an electronic
control system for teleoperation of
robots. The SNSS has been undergoing
development, following an approach
that involves the use of off-the-shelf
electronic components and innovative
control software to reduce the cost and
complexity of teleoperation, both near-
by and at long distance. Key compo-
nents of a prototype of the SNSS are
multiple linked personal-computer-
based control stations and software for
control of, and acquisition of data from,
the robots. The prototype SNSS also
includes the robots themselves; the pro-
totype robots are small, six-wheeled
vehicles equipped with onboard power
and data-management subsystems.

Older systems for telerobotic control
generally include “high-end” data-pro-
cessing modules at both rovers and con-
trol stations. These systems must be
operated with customized, highly com-
plex software. They also require wide-
band communications between the con-
trol stations and rovers. The foregoing
attributes have resulted in high cost and
complexity, which have inhibited more-
widespread application: In particular,
the use of “high-end” computer work-
stations and sophisticated onboard
robot data-processing modules results
in high costs of acquisition, even for
rough prototype systems. Typically,
wide-band communications for control
and telemetry rely on expensive satellite
links and/or special terrestrial commu-
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nication lines. Moreover, it is necessary
to train operators extensively in the use
of the associated software to enable
competent operation and interpretation
of data received from the robots.

The SNSS operates as an integrated
unit. It includes operator-interface hard-
ware and software that enable operators
to “drive” the rovers
while viewing images
transmitted in real time
from video cameras
mounted on the rovers.
The operators also have
access to easy-to-read dis-
plays of data acquired
from other sensors
aboard the rovers. A
combination of simple
radio and telephone
links provides communi-
cations between the
rovers and their respec-
tive operators.

The prototype SNSS
includes two instru-
mented six-wheeled rov-
ers (see figure). The
capability of the SNSS
has been demonstrated
in simultaneous opera-
tion of both rovers —

one in a local operating mode and the
other in a remote environment. This
demonstration was conducted for inter-
vals as long as two hours without inter-
ruption. Images received at the control
station from the video cameras were
found to be of sufficient quality to sup-
port rover navigation. Data received at

Six-Wheeled Robotic Vehicles carrying video cameras, other sensors, and power and data-
management subsystems are operated simultaneously in a demonstration of the SNSS.

the control station from other sensor
cameras were found to be accurate.

At the time of reporting information
for this article, development was contin-
uing and several improvements were
expected to be made sequentially during
the next two years. One of these
improvements would be the incorpora-
tion of an “executive”
control subsystem that
would provide auto-
nomous monitoring
and control of robotic
devices.

This work was done by
David Mazaika, Gregory
Nemitz, Michael Simon,
John  Risque, David
Mitchell, and Cris Fitch
of International Space
Enterprises, Inc., for
NASA'’s Jet Propulsion
Laboratory. For further
information, contact
Greg Nemitz, Interna-
tional Space Enterprises,
4909 Murphy Canyon
Road, Suite 220, San
Diego, CA 92123, Tele-
phone No.: (619) 637-
5773.
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¥ Quantifying Gear Damage by Optimal Tracking

of Vibrations

A one-dimensional mathematical model of gear-mesh dynamics yields useful results.

Lewis Research Center, Cleveland, Ohio

A technique for quantifying damage
in gear teeth in a transmission is based
on the observation that damage
(which can include wear, pits, and
fractures) alters the gear-mesh stiff-
ness and thereby alters the vibrations
of the transmission during operation.
The essence of this technique is to
process vibration measurements
(instantaneous amplitude as a func-
tion of time or gear angle) to estimate
the time-varying gear-mesh stiffness
and quantify deviations from the peri-
odic mesh-stiffness variations of gears
in good condition. The technique
involves mathematical modeling of
gear-mesh dynamics coupled with
nonlinear numerical optimization.

The gear-mesh dynamics are repre-
sented by a one-dimensional mathe-
matical model equivalent to the
model of a mass m (roughly, the mass
of a pinion in mesh with a larger gear)
suspended on a spring with time-vary-
ing stiffness k(f) and moving in a fric-
tional medium with damping coeffi-
cient ¢. The time-varying spring stiff-
ness is set equal to the time-varying
gear-mesh stiffness and represented as

k( t) - kavc _kpenudu(t) 7 kpcrturb(t)l

where k.. is a constant or time-aver-
aged component, k.4 is the period-
ic variation in stiffness of the tooth-
pass cycles of gears in good condition,
and ke () is a stiffness perturbation
associated with damage. The equation
of motion is therefore

x+(¢/ m)ic+92x= u(t)x,

where x is a displacement, tis time, QF
= kye/m, and u(f) = [Roeriogic(f) + hper
wrb(#)]1/m. Note that u(f) is propor-
tional to the total of time-varying com-
ponents of stiffness. By defining state
variables x;, = x and % = x, one can
divide the equation of motion into
two equations in state-variable form:

X =—(c/ m)x, -ngg + u(t):c2 and

X9 = Xq1.

Suppose that vibration measurements
x3(f) corresponding to the modeled
state variable x(f) are acquired dur-
ing the interval [%,%]. The problem is
to find the function u(#) that makes

October 1997

the model output x,(f) approximate
the measurement data x(f). The
problem is solved by following an opti-
mal-tracking approach: The objective
in this approach is to minimize a qua-
dratic cost functional that (1) penal-
izes the deviation of x(¢) from
throughout the interval [f4,4], (2)

imposes an additional penalty on the
deviation of x(&)from %(4), and (3)
penalizes too large an estimate of u(¢)
throughout the interval [#4,4]. In the
optimal-tracking formulation, the
state-variable equations of motion are
treated as equality constraints
imposed on the minimization of cost
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have been significantly reduced by several

improvements to the PK Series high torque

stepping motor

High Torque - Provides 50-100% more
torque than conventional 2 and 5-phase
full or microstepped systems

High Resolution — Up to 125,000 steps
per revolution. Sixteen levels of resolution
available

ORIENTAL MOTOR U.S.A. CORP.
1-800-816-6867

http//www.omusa.com
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More and more machine tool
owners, integrators and OEMs are!
They've discovered the power
and flexibility of our new PMAC-NC
Jfor Windows™ program.
On a PC platform with
Windows ‘95™ and NT.
They're switching to PC-

based, open architecture solutions.

Transforming merely ade-
quate machines into real performers.
Their machines are cutting
better circles. More accurate
parts. Much faster.
And that's not the half of it.
They're really taking control by:
eSelecting the controller,
amplifer and motors which work
best for their applications.
*Going into fifth axis up to
eight axis applications. At huge
savings.
e Achieving superior and
reliable servo performance.
eDelivering block
throughput rates to well over
1,000 per second.
eIncreasing performance.
*Reducing costs with our
PMAC 2 and digital PWM amplifiers.
Are your CNC machine tools
out of control?

Call us.
Discover how easy
it is to take control!

DELTATAU

World Leader ™ In Motion Control

and as such they are appended to the
cost function by use of time-varying
Lagrange multipliers, which are gov-
erned by differential equations called
the “costate equations.” The state-vari-
able equations of motion and the
costate equations, taken together with
a stationarity condition and end-point
conditions, constitute the system of
equations of a two-point boundary-
value problem (TPBVP). The equa-

hanced vibration analysis of the gear
transmission done by a previously
developed time-frequency Wigner-
Ville distribution technique, which
gives indications of the type and loca-
tion, but not the extent of the damage.
The two techniques are used together
to monitor for the onset of damage
during operation of gear trains, or to
diagnose gear trains during mainte-
nance.

) i :
\ 1
Integrate nonlinear state B Nominal '\ :
forward. § State Trajectory =
) =
Integrate nonlinear costate | ______ S < Nominal ) ENCFal
Costate Trajectory .
f P
Solve linearized TPBVP. -.Cf’..ifﬁf:'_e_qtif_"_r_y_n_efr_'zf‘_j Rl L 8
)
7l (t)
Update using linear correction.  [------=----=--=mmmmemmmmm el

Check stopping criteria.

Not Done

Decrease Decreased

step size. Cost?

, error Good
Progress?

weighting.

Yes

The Optimal-Tracking Problem Is Solved Numerically in an iterative procedure. The objective is to find
an approximation for u(t) that minimizes a cost functional.

tions are solved numerically in an iter-
ative procedure illustrated schemati-
cally in the figure.

The technique was tested on a set of
fictitious data generated by a computer
simulation of a one-degree-of-freedom
mechanical system with time-varying
stiffness. The solution of the optimal-
tracking problem was found to closely
approximate the stiffness profile used
in the simulation. In another test, the
technique was applied to experimental
data from a gear-test rig. Despite the
simplicity of the one-dimensional
dynamical model, the technique was
found to be useful in that changes in
the estimated stiffness profile could be

This work was done by R. C. Hendricks
of Lewis Research Center and F K.
Choy, R. J. Veillette, V. Polyshchuk, and M.
J- Braun of the University of Akron. For fur-
ther information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Machinery
and Automation category, or circle no. 143
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-16454.

correlated with damage.

innetka Ave., Northridge, CA 91324
e . This technique has further en-

Phone: 818-998-2095 Fax:818-998-7807
Internet: www.deltatau.com ‘
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) Printed-Circuit Board for Driving

Multiple Actuators

Short-circuiting of one actuator does not cause the others to lose power.
NASA's Jet Propulsion Laboratory, Pasadena, California

A special-purpose printed-circuit
board (PCB) holds power-conversion,
digital control, and power driver cir-
cuits for driving as many as 20 actua-
tors. The actuators can be electro-
mechanical devices (e.g., relay switch-
es or solenoid valves) that present
inductive loads to their driver circuits.

Included on the PCB is a switching
dc-to-dc power converter rated at a
power level of 75 W. The power con-
verter takes its input power from an
unregulated source at a potential up
to 36 V. The power converter gener-
ates output power for the actuators,
regulated at 25 V. The regulated out-
put voltage can be changed to any

desired value within the capability of

the converter by changing a single
resistor on the PCB. The power con-
verter includes a circuit for protection
against undervoltage in the output
load.

The digital control circuitry accepts
digital control inputs for the actuators.
Power is applied to the actuators
through high-power, fast-switching actu-
ator-driver circuits. There are 20 such
driver circuits — one for each actuator.
The driver circuitry includes twelve
pairs of diodes that help to suppress
inductive transients in the actuators.

The power converter can withstand
a momentary short circuit in its output
load. A short circuit in any actuator is
detected by the undervoltage-protec-
tion circuit in the power converter.
Upon sensing a low voltage indicative
of a short circuit, the undervoltage-
protection circuit generates an input
“reset” logic signal that countermands
the input digital signal for the short-
circuited actuator; this causes the driv-
er circuit for the short-circuited actu-
ator to be disabled, while the driver
circuits for the remaining actuators
continue to operate normally in
response to their respective digital
inputs.

This work was done by Thieu T. Ton
and Edward H. Kopf of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, access the Technical
Support Package (TSP) free online at
www.nasatech.com under the Electronic
Components and Circuits category, or cir-
cle no. 144 on the TSP Order card in this
issue to receive a copy by mail ( $5 charge).
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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-20008, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

POWER AND FLUID MANAGEMENT
SYSTEMS FROM DAYCO/EASTMAN.

Dayco Products and
Imperial Eastman com-
bined to bring you one of
the most comprehensive
lines of hydraulic hose,
couplings and accessories
available today.

The result; the
newly-consolidated
Dayco/Eastman Catalog.
Included are more than

format.

300 pages of Power and
Fluid Management sys-
tems, accessories and

crimping equipment in
an easy-to-use, indexed

To order your copy,
or for the name of your
nearest Dayco/Eastman
Power and Fluid

Management Systems —ﬁ . ram—
Y O

distributor, contact

Dayco Products, Inc.

1 Prestige Place

P. O. Box 1004

Dayton, OH 45401-1004
Phone: (800) 283-2926
Fax: (800) 688-4854
http://www.dayco.com
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EXTREME

ENVIRONMENT
STEPPER phyftron
MOTQRS

Phytron VSS series of stepper motors are offered in three
different categories to cover most extreme environment applications.

VSS-FV
* Vacuum up to 10-3 Torr
» Temperature range -40°F to +250°F
* Clean Room, Class 10
VSS-HV
* Vacuum up to 107 Torr
* Temperature range -40°F to +400°F
* Clean Room, Class 1
VSS-UHV
* Vacuum up to 10-"! Torr
* Temperature range -454°F to +600°F
* Radiation hardened to 108 Rad
¢ Clean Room, Class 1

Options: Second shaft, Heat sink, Gear head, Custom design.
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For Power Transmission
and Linear Component Products
we supply everything between the

WeatetheonlycompanyMoﬁersguaranteeddeﬁverleson
production lots of gears, sprockets and belts. We guarantee it!
&

You don't pay the freight if we ship the product late.

We can deliver and stock for your needs. Call for a free ﬁ
inch (B97) and metric (M97) Catalog, Product Bulletins

or a Special Quote on your scheduled delivery needs. a BER

TEL: 1-800-232-BERG W. M. BERG, INC.
FAX: 1-800-455-BERG E O Lowreas
Web Address www.wmberg.com 489 Ocean Avenue, East Rockaway, NY 11518
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# Traveling-Wave

Rotary Actuators

Piezoelectrically generated traveling waves
drive harmonic gears.

NASA's Jet Propulsion Laboratory,
Pasadena, California

Two experimental rotary actuators combine the light
weight, small volume, and cleanliness of a piezoelectric trav-
eling-wave motor with the positive action and high torque of
a harmonic gear motor. The actuators contain piezoelectric
inserts that drive flexible spline gears in sinusoidal patterns;
the spline gears, in turn, drive internal spur gears.

A conventional piezoelectric traveling-wave motor relies on
friction between a driving flexing stator and a driven member.
Friction gives rise to elements of uncertainty and slippage. A
conventional harmonic gear includes a flexible gear driven by
an electromagnetic motor; it produces a large, dependable
torque, but the motor and gear are large, complex, and often

dirty.

Flexible Spline Gear Piezoelectric Material

STYLE1

9 e STYLE 2

Piezoelectric Elements on a Stationary Shaft create a wave on a flexible
spline gear. The spline teeth on the wave engage and drive the teeth of the
internal spur gear.

The figure illustrates the two experimental rotary actuators.
In each actuator, piezoelectric elements attached to a station-
ary shaft alternately bend a spline gear to larger and smaller
radii at several points around the circumference. The piezo-
electric elements are activated in sequence so that the teeth
on the spline rise and fall in a sinusoidal wave that travels cir-
cumferentially. The teeth at the crest of the wave engage an
internal spur gear (the output gear) and thus turn the gear as
the crest travels around the circumference.

This work was done by Virginia G. Ford and John Kievit of Caltech
Jfor NASA’s Jet Propulsion Laboratory. 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. 145 on the TSP Order card in this issue to receive a copy
by mail ($5 charge).

NPO-19261
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Motion Control for Laser Soldering

A spreadsheet generates motion control data for a laser soldering process
which is verified by computer animation.

AlliedSignal Federal Manufacturing & Technologies, Kansas City, Missouri

A method was developed to allow a user
to easily generate and verify the required
motion of a radar housing under a laser
for a laser soldering process. The purpose
of this process is to solder a lid to a back-
ing plate in order to seal the hybrid
microelectronic circuit assembly against
the environment. The design of this hous-
ing makes this a nonstandard application
in which a two dimensional table and

for the motion control system was to
allow the user to describe the desired
motion around the part in the body fixed
coordinate frame. This data was then to
be transformed into incremental moves
in the global coordinate frame required
by the motion control system. The
motion around the part is defined by the
user in terms of the body fixed §’ vector.
The components of this vector are the

distances from the center of the part to
the focal point of the laser, as the laser
moves around the entire perimeter of
the part. The focal point of the laser will
always be on the outer surface of the
part. A transformation matrix is used to
convert the 8’ vector in the body fixed
coordinate frame to the S vector in glob-
al coordinates. The position of the focal
point of the laser is labeled as the r, vec-

Figure 1. Motion Control System.

common contouring motion control
operation cannot be used, because the
laser is not along the axis of rotation of
the part. Instead, the laser is along one of
the translational axes, and the motion
requires a method of driving the assembly
under the laser in two dimensions while
rotating about the assembly’s center. To
further complicate matters, there are
coaxial cables which get in the way and
shade the assembly from the laser beam.
This requires special movements to solder
under the cables.

To generate the motion, a four axis sys-
tem driven by a Compumotor AT6400
indexer was used. The software to pro-
gram this indexer allows for a timed data
streaming mode for non-standard move-
ments. In this mode, the user picks a
streaming update interval, which may be
any even number time interval from 10
milliseconds minimum to 50 millisec-
onds maximum. The user then supplies
incremental move distances for each axis
at each update point in time. In order to
generate the data required for this
streaming mode, a Microsoft Excel 5.0
spreadsheet was created to allow the user
to easily calculate the movement of the
part under the laser, and convert this
movement into the incremental step
moves required.

The approach to generating the data

Octoher 1097
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tor and is fixed at all times with respect to
the global coordinate system. The posi-
tion of the center of the part (at any
point in time, in global coordinates) is
labeled as the r, vector. This vector is
found by subtracting the S vector from
the r, vector. The incremental moves
used to drive the motion control system
are equal to the changes in the global x
and y components of the r, vector.
Derivatives of the S vector were taken to
determine the velocity and acceleration
of the motion control system. If the
velocities are too high, whipping of the
lead screw will occur. If the accelerations
are too high, the stepper or servo motors
of the motion control system will not
have enough power and torque to create
the motion.

If the part is to move at a constant trav-
el speed under the laser and the laser to
remain perpendicular to the edge of the
part, and the part rotations are to begin
and end with the beginning and ending
of each corner, the velocities and accel-
erations in the corners become very
large. The smaller the corner radius, the
higher these velocities and accelerations
become until approaching infinity for a
zero radius (perfectly sharp) corner. The
demands on the motion control system,
for a part with a small corner radius, may
be significantly reduced if the constraint
of holding the part perpendicular to the
laser is relaxed when nearing and exiting
a corner. This allows the rotation of the
part to be spread over a greater distance
(beginning rotation at a small distance
before reaching the corner radius, and
ending rotation at a small distance after
the corner radius).

A method was developed to allow the
laser to solder under the area shaded by a
cable. In this method, the laser is brought
up to the edge of the cable diameter, or
the diameter of a tolerance “keep out”
zone around the cable. The edge of the
laser then “hugs” this diameter as the part
is rotated, to allow the beam to move
under the cable. Since the angle beta is
used to describe the absolute rotation of
the part, the angle alpha is used to
describe the angle of the laser as it moves
under the cable. The angle alpha was
solved using trigonometric relationships
as a function of the distance of the cen-
terline of the laser under the cable. The
absolute rotation beta of the part is then
either increased or decreased by the
alpha angle, depending on the direction
of movement around the part.

The spreadsheet and macros only
require the user to provide the minimum
data needed to define the desired
motion of the part under the laser. This
definition data consists of the major
points around the part geometry where
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DC Mini Motors That Keep Going
and Going and Going and...

In high performance DC mini
motors, no one offers more
sizes, longer life and higher
efficiency than APl Portescap.

* |deal for battery-powered
applications - ironless rotor
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efficiency and acceleration

* More commutator segments than
competitive motors of equal size for
improved motor brush life and reduced
torque ripple
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and patented REE® commutator
anti-erosion system extends motor
life up to 8 times that of conventional
DC motors
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motor capability and battery life

Call today for more information:
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proprietary engineered thermoplastic components, offering
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an event is to occur. Examples of the points which the user
defines are: the starting and ending points, the corners, the
cables, and any other points in which a specific travel speed
under the laser or part rotation angle is desired. To make this
definition easier for the user, the method for defining the
moves through corners and under cables was simplified. The
user simply makes a notation designating the corner number to

Figure 2. Positional Vectors of Part in body’s fixed and global coordinate

frames.
B > w____ Laser Beam
Width

*____ "Keep Out" Diameter
Around Cable

X +

=+a ( Depending on Direction of Motion)

Figure 3. Method of Rotating Part to allow the laser to solder under cable.

define a corner move. Likewise, the user provides the minimum
data required to define a cable move. The spreadsheet then
generates the large amount of data that defines each incre-
mental move at every time step that occurs between any pair of
major points that the user defined.

A verification method was developed by simulating the
motion data. The geometry of the assembly was generated
using Parametric Technology Corporation Pro/E version 15.
This geometry was then converted using DADS/Pro version 3.1
from Computer Aided Design Software Inc. (CADSI) and the
simulation was carried out using DADS version 8.0 from
Computer Aided Design Software Inc. (CADSI). This process
animated the results of the motion of the part on the comput-
er screen. This was extremely useful in catching and correcting
errors in the Excel spreadsheet.

This work was done by Scott Yerganian of AlliedSignal Federal
Manufacturing & Technologies. AlliedSignal Federal Manu-
facturing & Technologies is operated for the United States Department
of Energy under contract no. DE-ACO4-76-DP0061 3.

For further information contact Alan Updike at AlliedSignal
FM&T, 2000 East 95th St., Kansas City MO 64131-3095; (816)
997-2605; aupdike @ kcp.com.

October 1997



v Planetary Speed Reducer With Balls
Instead of Gears

The basic design can be adapted to numerous applications.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A novel friction-drive
speed-reducing mecha-
nism weighs less and
occupies less space than
does conventional gear-
ing. This speed reducer
can be manufactured
readily with loose dimen-

Circle at Rotating-Cone Circle at Stationary-Cone
Contact Radius Contact Radius

sional tolerances, 4065 AXIAL CROSS SECTION THROUGH INPUT SHAFT AND BALLS
not have to be lubricat-
ed, and can function Rotating Cone Stationary Cone

even when contaminated
with dust. The basic
design gives a reduction
ratio of about 150 to 1
and can be readily modi-
fied to obtain other
reduction ratios. The
basic design can also be
miniaturized and adapt-
ed to a variety of applica-
tions that could include SIDE VIEW CROSS SECTION

Input Shaft

miniature robots, small ; :

. d The Balls and Cones function analogously to planet gears and ring

1ns@ments, and toys. gears. The speed-reduction ratio depends on the ratio between the
This speed reducer radii of contact of the two cones with the balls.

(see figure) has a differ-
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Free catalogs and literature for
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To order, circle the correspond-
ing number on the Reader
Information Request Form
(preceding page 97).

» NEW CATALOG OF
BOARD-LEVEL MOTION

CONTROLLERS

Tech 80’s 30-page Product Catalog

features the industry’s most extensive

line of board-level motion controllers
and encoder interfaces for IP, PC, PC/104, STD and
VME-based applications. Designed for a perfor-
mance edge, Tech 80 products focus on core func-
tions to offer one of the industry's best performance
values. All Tech 80 products feature ‘C'-based soft-
ware libraries, demos, and example code to provide
you with a flexible, open environment for software
development. Technology 80 Inc., 658 Mendelssohn
Avenue North, Minneapolis, MN 55427; (612) 542-
9545; (800) 545-2980; Fax: (612) 542-9785; E-mail:
info@tech80.com; URL: http://www.tech80.com

Tech 80 Inc.
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ential planetary configuration, but with

balls instead of planet gears and cones
instead of ring gears. A spring presses
the balls between two cones, one of When you need SP 2800s are also
which is stationary, the other of which a rotary position impervious to dust
can rotate and is connected to an output sensor that's and moisture by
shaft. The copical tapers are chosen to economy priced H[V“ lu‘l“ N 5 sealing to the IP 65
mal'(e the radius of contact betwee.n the without sacrificing standard. Reliability
stationary cone and the ‘balls slightly specs or reliability, is further enhanced
greater than .the conespond{ng radius the SP 2800 series by utilizing a
for the rotating cone. Rotation of an is the ultimate precious metal,
input shaft causes the balls to rotate in choice. Standard SA[:HIFI[:[ multi-finger wiper
planetary fashlo?. The small difference specifications are: assembly. Other
between the radii of contact produces a it - A
: : : : = Minimum life features include
differential rotation that is coupled to ;
th of 50 x 106 mechanical travel
e output shaft. luti range of 360°
This work was done by Donald B. Bickler Fevonions o 8
of Caltech for NASA’s Jet Propulsion = Rotational speed gisctrica) travel o
Laboratory. No further documentation is to 120 rpm 3(?8 0;100
available. = Vibration from (depending on
In accordance with Public Law 96-517, the 510 2,000 Hz model), 'é_‘"d push-
contractor has elected to retain title to this p, 0n coupling or
invention. Inquiries concerning rights for its B aezgaéﬁ/f'my markeq shaft
commercial use should be addressed to Tem;;co of less provndt_a easy
Technology Reporting Offfice g mounting
JPL than S5ppm/°C options.
Mail Stop 122-116
AN Qe Gt Tvion For pricing or catalog, contact:
Pasadena, CA 91109 .
(818) 3542240 novotechnik
Refer to NPO-19951, volume and number Novotechnik U.S. Inc./Siedle Group
of this NASA Tech Briefs issue, and the 237 Cedar Hill Street = Marlborough, MA 01752 Phone: 508-485-2244
page number. Visit our Web site at http://www.novotechnik.com Fax: 508-485-2430
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2 An Interface for Electro-Pneumatic Communications
A bidirectional serial interface communicates at speeds up to 500 kbaud

in the control of pneumatic valving.
Clippard Instrument Laboratory, Inc., Cincinnati, Ohio

Today’s market requires machines with increased
throughput, extremely low down time, and ability to com-
bine multiple operations with minimal human input. This
results in machines requiring highly complex control sys-
tems to move large amounts of data rapidly to and from
operating members. Yet, in the face of
global competition, the pressure is on
for extreme reliability in data communi-
cation at reduced cost. As a result,
Clippard has developed a highly reli-
able bidirectional serial communication
interface. Termed the Serial Valve
Board (SVB), it operates according to
the DeviceNet™ protocol, the open com-
munication system for industrial devices
developed by Allen Bradley and now
overseen by the Open DeviceNet™
Vendors Association.

The SVB is a node used to interface
between a control entity or entities and
a pneumatic valve manifold. The SVB
accepts commands from the control
and returns status. In addition, the SVB
can be used to interface to electronic

over a four-conductor cable that is connected to each node
in trunk-line, drop-line configuration, in which drops can be
daisy-chained.

A unique aspect of this device is that the SVB can be either
mounted directly to a solenoid valve manifold or in a central
location for a limited group of valves
that are wired to the interface by indi-
vidual connectors. This allows the
user to run a single bus cable through
the machine, connecting to each SVB
node. By using the SVB at specific
locations within a device connected to
remotely mounted solenoids, the
amount of wiring is significantly
reduced. At the same time, the valves
can be closely coupled to their respec-
tive operators, thereby enhancing
speed of response.

The SVB, in its current configura-
tion, can connect either 8 or 16
input/outputs (I/O) to a DeviceNet™
bus with custom configurations capa-
ble of up to 64 I/O. Since a
DeviceNet™ bus can have up to 63

sensors transmitting digital input to the
controller. The serial data is carried

Above & Beyond,
The Call of g =¥
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No one offers you more
quality, technical support
and quick turn-arounds
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Waterbury, CT 06705

The Serial Valve Board (SVB) shown with mani-
folded valves mounted on it.

nodes (plus one for a controller), this
device provides the flexibility to con-
nect hundreds or even thousands of
I/0 via a limited number of connections. Data transmission
speeds up to 500 kbaud are possible, depending on total bus
length. Applications for this technology include conveyor
and sorting lines, automated inventory pull systems, and
multimachine manufacturing cells, among others.

Power to the SVB is provided by the bus cable for low-
power applications; otherwise, a power-input connector is
provided. On-board short-proof drivers actuate the sole-
noids, Zener diodes provide fast turn-off and coil spike sup-
pression, and a regulator produces 5 V (required internally
by the board) from the 24-VDC input. These protection fea-
tures make optoisolators unnecessary.

Solenoids can draw up to 700 mA each and are operated
independently. The SVB has a maximum switching frequen-
cy of 100 Hz per solenoid. The drivers will drop a maximum
of 0.6 V at 700 mA.

The SVB allows the bus address (MAC ID) to be set man-
ually. Since the DeviceNet™ protocol allows bus addresses
from 00 to 63, any setting higher than 63 will place the SVB
in automatic self-test cycle, wherein each contact is tested for
open or shorted coils. All valves are off at power-up, and the
self-test is performed before the SVB is allowed to go on-
line. Any fault detected is reported to the controller. In addi-
tion, each contact has an on-board LED that will flash if a
fault is detected.

To facilitate installation and field service, manual override
switches for each contact are provided. These switches are
three-position slides, allowing the contact to be manually
off, manually on, or under the aegis of the controller(s).

This work was done by a team, with Sid Hendry as Project
Manager, at Clippard Instrument Laboratory, 7390 Colerain
Rd., Cincinnati, OH 45239. For more information call Sid Hendry
at (513) 521-4261 or E-mail: shendry@ix.netcom.com.
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Firestone Industrial
Products Co., Carmel,
IN, says the 2M2A air
actuator, dubbed the
Microactuator, is the
smallest air spring
offered by the compa-
ny and the smallest

- available from any
manufacturer. A pneumatic bellows-type air cylinder,
it can utilize pressures from 0 to 100 psi; at 100 psi it
can lift 200 Ib. Maximum diameter is 2.2 in. Because
the 2M2A’s minimum height is 1.2 in., it is suited for
small-space applications, yet can deliver more than 1
in. of stroke.

For More Information Circle No. 747

The 25M Series, the
newest family of AC
flux vector controls
from Baldor Electric
Co., Fort Smith, AR,
has a NEMA 4x keypad
with a 32-character
English-language dis-
play for drive setup.
One power supply
module powers several
25M controls, which in
turn drive several AC vector motors. Control range is
from 2-90 A continuous, and input is either direct
230 or 460 VAC. Baldor says its auto-tuning system
reduces setup time.

For More Information Circle No. 750

The Series ML. multimo-
tion actuators from
PHD Inc., Fort Wayne,
IN, are designed to pro-
vide both linear and
rotary motion in one
compact unit. The series
uses PHD's Series CTS
compact guide rod cylin-
der and Series RL rotary
actuator to achieve sim-
ple reach-and-turn motion. They are available in 7
sizes with six standard rotations from 45-270° and lin-
ear stroke lengths from 1/8 in. to 3 1/2 in. Shock
pads, standard on the linear section and optional on
the rotary section, minimize piston noise and extend
unit life, PHD says.
For More Information Circle No. 753

The new DSL series of

pneumatic  actuators
from Festo Corp.,
Hauppauge, NY, fea-

tures rotary, linear, and
simultaneous rotary/lin-
ear actuation in one
compact module. The
series comes in 4 metric
bore sizes: 16, 20, 25,
and 32 mm, with double-
ended or hollow double-ended piston rod options.
The actuation combination is made possible by a
double-acting vane-type rotary actuator for
adjustable rotation angles up to 270° and a double-
acting linear pneumatic cylinder with linear strokes

up to 4 in.
For More Information Circle No. 758

18b

Haydon  Switch
and Instrument
(HSI), Waterbury,
CT, has expanded
its product line to
include gearmo-
tors that incorpo-
rate the compa-
ny's stepper motors with a rugged cast metal gear-
box. The gearboxes can sustain loads up to 200 oz.-
in. of torque and are available in a range of gear
ratios from 12:1 to 360:1. The stepper motors are
built with 15° or 7.5° step angles. Gears are con-
structed of composites, brass, hardened steel or a
combination of these materials.

For More Information Circle No. 748

Ruland Manufacturing Co.,
Watertown, MA, has expand-
ed its NOMAR® line of rigid
shaft couplings and added
beam-style flexible couplings
to its line. The rigid line now
includes couplings with bores
from 1/4 in. to 2 in. They
come in 1- and 2-piece clamp-style designs, and are
available in carbon steel, stainless steel, and alu-
minum. The beam-style flexible devices are 1-piece
aluminum couplings with spiral cuts to accommo-
date misalignment and axial motion. The Flexbeam-
3™, with two sets of three spiral cuts for high tor-
sional strength, is designed for use on servo motors,
encoders, tachometers, and similar components.

For More Information Circle No. 751

Eastern Air Devices,
Dover, NH, describes its
new DB23 and DB34
brushless DC servo
motors as being design-
ed for highspeed pro-
cessing  applications
where precision accura-
cy is important. Their 3-
phase design is compat-
ible with industry-stan-
dard servo amplifiers and controllers. Equipped with
rare-earth magnets, the motors operate at speeds up
to 15,000 rpm. Optical encoders provide 500- or
1000-line precision position feedback for standard
servo controllers.

For More Information Circle No. 754

Micro Mo Elec-
tronics, Clearwater,
FL, has introduced
the MVP™ 2001
single-axis motion
controller. The
only controller to
date to be certi-
fied as DeviceNet™ compliant, according to the
company, the MVP can provide control of motion,
velocity, and position via serial or DeviceNet inter-
faces with a wide range of brush-type and brushless
DC motors. Up to 63 motor axes can be addressed
using the RS-485 Multidrop interface. It is offered in
two versions: with either an integrated PWM amplifi-
er or an integrated linear amplifier.

For More Information Circle No. 759

www.nasatech.com

Motion En-
gineering Inc.
(MEI), Santa
Barbara, CA,
calls its CPCI/
DSP the first
B-axis level
motion con-
troller for the
Compact/PCI bus. The device provides up to 8 axes
of servo or stepper control in a single 6U
Compact/PCI bus card. It offers point-to-point and
coordinated motion, electronic gearing and cam-
ming, dual-loop control, and a variety of motion pro-
files, including trapezoidal, Scurve, parabolic, and
user-defined.
For More Information Circle No. 749

The new A-
max mov-
ing coil mo-
tors
Maxon
Precision
Motors,
Burling-
ame, CA, are just 31.9 mm long and 22 mm in diam-
eter. Available with either precious-metal brushes or
graphite brushes, the motors have power ratings
from 3.5 to 6 W. Several different windings are avail-
able to match desired speed to available voltage.
Other options include a single shaft or a passing
shaft, ball bearings or sleeve bearings, and terminals
or leads.

from

For More Information Circle No. 752

Vickers Inc., Maumee,
OH, introduces the
KB Series proportion-
al directional valves
that the company says
combine advanced
electrohydraulics
technology with "plug
and play” integrated
electronics in a com-
pact package. Available in ISO sizes 03 and 05, the
valves are rated at 350 bar (5000 psi), and can be
placed directly on the cylinder or motor regardless of
environment. Fluid cleanliness levels are ISO
18/16/13, a more lenient fluid contamination level
than conventional proportional valves, Vickers says.

For More Information Circle No. 755

The Type
RSR-Z lin-
ear motion
guide from
THK Amer-
ica, Mount
Prospect,
IL, features
the use of
resin in the block body, decreasing the block’s mass
by up to 28 percent compared to the conventional
Type RSR-V, Areas of passage free of loads applied
by the ball bearings are molded in resin, resulting
in silent operation. The stainless-steel construction
of the miniature guide gives it corrosion resistance.

For More Information Circle No. 760
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=f- Books & Reports

@ Factors That Affect
Readings of Ultrasonic
Bolt-Load Gauges

Three reports discuss the principles
of operation and factors that affect the
readings of ultrasonic extensometers
used to measure preloads in bolts,
studs, and similar fasteners. These

instruments measure “ultrasonic
lengths” proportional to round-trip
times of travel of ultrasonic pulses
along fasteners. To a first approxima-
tion, the amount by which the ultra-
sonic length of a fastener under tensile
load differs from the unloaded length
is proportional to the load, and can
thus be used to indicate the load. How-

ever, the reading of the ultrasonic
instrument is complicated by such
other effects as thermal expansion of
the fastener, dependence of the speed
of sound on temperature and stress,
and variations in tension along the
gripped portion(s) of the length of fas-
tener.

This work was done by Ajay M. Koshti of

Rockwell International Corp. for Johnson
Space Center. To obtain copies of the reports,
‘ “Estimation of Accuracy in Ultrasonic
! Preload Measurements,” “Preload Mea-
! surement in Sleeve Bolts Using An Ultrasonic
‘ Bolt Gage,” and “Preload measurement in
sleeve bolts using an ultrasonic technique,”
access the Technical Support Package (TSP)
‘ free on-line at www.nasatech.com under

We Have The Solution...

the Physical Sciences category, or circle no.
136 on the TSP Order Card in this issue to
receive a copy by mail (35 charge).
MSC-22674

HARMONIC DRIVE

COMPONENT SETS

o S o A N DALMCHOL Rl .t s o ond
n T
thel seuipment PEOVISNG & DRIVE GEARHEADS 2 b

Shaft or flanged output

members provides design
flexibility, yet simplifies

the design process by ‘
enclosing our component ‘
sets in housings with ‘

rigid output bearing sup-
port.

compact, low weight solution. A report describes a proposed sys-

tem for landing a spacecraft on a
comet, asteroid, small planet, or other
extraterrestrial body with low gravita-
tion. The system would include three
terrain-conforming footpads rigid
enough to withstand impact on a hard
surface and broad enough to land on a
| soft surface without sinking excessive-
ly. Each footpad would be equipped
with sensors, a pyrotechnically actuat-
ed harpoon, and a winch connected to
the harpoon via a tether. In computa-
tional simulations, the system has been
found to be capable of arresting
rebound and rollover during landings
on terrains with a variety of slopes and
obstacles.

This work was done by Randel
Lindemann, Donald Sevilla, Kevin Burke,
and Greg Gillis-Smith of Caltech for
NASA'’s Jet Propulsion Laboratory. 7o
obtain a copy of the report, “Adaptive
Footpad With a Pyrotechnically Anchored
Tether for Landing Gear on Low Gravity
Planetary Bodies,” access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Machinery
and Automation category, or circle no.
147 on the TSP Order Card in this issue
to receive a copy by mail (35 charge).
NPO-20117

gearheads to produce an actuator
with optimum performance. Integral
encoders are used for position or
velocity feedback.

COMPLETE MOTION
CONTROL SYSTEMS

DC or DC brushless servo actuators are
available with matched amplifiers and
controllers allowing fast prototyping of
your new design.

...Reliability
...Precision
...Zero Backlash

HD Systems, Inc. 89 Cabot Court, Hauppauge, NY 11788

Tel: (516) 231-6630 - Fax: (516) 231-6803
Visit our home page at http://www.hdsystemsinc.com
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@® High-Temperature Fatigue
Testing of PMCs

A report describes an experimental
study of the tensile and cyclic fatigue
behavior of a polyimide-matrix/car-
bon-fiber composite material under
elevated-temperature conditions. The
study was undertaken primarily to
develop and refine techniques of high-
temperature, uniaxial (tension/com-
pression) fatigue testing of polymer-
matrix composite (PMC) materials in
general.

This work was done by John R. Ellis of
Lewis Research Center, Andrew L.
Gyekenyesi of Cleveland State University,
and Michael G. Castelli and Christopher S.
Burke of NYMA, Inc. To obtain a copy of the
report, “A Study of Elevated Temperature
Testing Techniques for the Fatigue Behavior
of PMCS: Application to T650-
35/AMB21,” access the Technical Support
Package (TSP) free on-line at www.nasatech.
com under the Physical Sciences 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
addvressed 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-16496.

@ More About a Laser-
Speckle Surface-Strain
auge

The report, “Compact Simultane-
ous-Beam Optical Strain Measurement
System — Phase V,” is one in a series of
documents about an optoelectronic
instrument that uses laser speckle for
noncontact measurement of strains on
the surfaces of specimens, which can
be hot even though the instrument
remains at room temperature. Several
prior articles in NASA Tech Briefs have
described this instrument at various
stages of development; the most recent
description appeared in “Improve-
ments in a Laser-Speckle Surface-
Strain Gauge” (LEW-15914), Vol. 20,
No. 4 (April 1996), page 54. The
report reiterates information from the
prior articles and supporting docu-
ments and describes some more-recent
advances. One notable advance
addresses a disadvantageous reduction
in the separation of speckle patterns
that are generated by two lasers and
imaged in a video camera. Such a
reduction occurs during observation
of a depolarizing specimen. The report

RYALSA " L T L sl TN

proposes the use of two different laser
wavelengths, combined with the use of
a refracting prism in front of the cam-
era, to increase the separation of the
corresponding speckle patterns.

This work was done by Christian T. Lant
of Sverdrup Technology, Inc., for Lewis
Research Center. 7o obtain a copy of the
report, access the Technical Support Pack-
age (TSP) free online at wuwuw.nasatech.
com under the Physical Sciences category,
or circle no. 189 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-16441.

@ Macrosegregation and
Nucleation in Undercooled
Pb/Sn Alloys

A report describes an experimental
study of macrosegregation and nucle-
ation in three alloys of Pb and Sn. The

alloys had tin contents of 12.5, 61.9

(eutectic), and 77 weight percent.

Ingots of the alloys, each with a volume

of 2.7 cm®, were melted, then frozen

with undercoolings ranging from 4 to

34 K and cooling rates from 0.04 to

4K/s. The nucleation behavior of the

Pb/Sn system was found to be nonre-

ciprocal; the solid Sn phase effectively

nucleated the Pb phase of the eutectic,
but large undercoolings developed in

Sn-rich eutectic liquid in the presence

of the solid Pb phase. This phenome-

non is believed to be mainly a result of
differences between interfacial ener-
gies of (1) solid Sn/eutectic liquid and

(2) solid Pb/eutectic liquid. Amounts

of macrosegregation in eutectic ingots

were found to increase with under-
cooling.

This work was done by Henry C. deGroh
11T of Lewis Research Center. To obtain

a copy of the report, “Macrosegregation and

Nucleation in Undercooled Pb-Sn Alloys,”

access the Technical Support Package (TSP)

free on-line at www.nasatech.com under
the Physical Sciences category, or circle no.

149 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-16414.
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Encoder to do list...

[V GET SPECS FOR THE NEW RE20!! I

Manual Optical Encoder |

@ 8mA max current draw! i
® 20 & 25 full cycles/revolution ||
© 0.96"H x0.76"W x 0.36"D 1
® TTL, CMOS, panel, pcb \
® Lowest cost vs competition I

|

SmA

RE20

(actual size)

@ 100 notch graduated knob
® 02.6"/03.15" sizes

® PC board, terminal block
@ Integral or stand-alone

NC Machine Tool Pulser

® 5-30VDC input RE45

Check out all the RE20 and RE45 models in our on-line catalog:
www.cuistack.com

X~ 800-275-4
Rl 89A())(:(§03)§43-6182%90n top of it™ }

CUI STACK

For More Information Circle No. 439
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THE WORLD'S SMALLEST
4-WAY FIBERSCOPE

ITI’s 5mm, 4-way articulating Fiberscope
gives you access to difficult environments
never thought possible before.

¢ One-handed operation allows equal
dexterity with left-hand or right.

* Teflon®-impregnated tungsten braid
sleeve gives additional protection.

* Sealed to permit underwater use.

* Patented over-torque
mechanism
reduces accidental
breakage of
control wires.

Learn about the
scope everyone
said wasn't
possible. ITI-The
Leader in Remote
Viewing.

I'I INSTRUMENT

TECHNOLOGY, INC.
P.O. Box 381, Westfield, MA 01086-0381
Tel: 413-562-3606 * 413-568-9809

100 For More Information Circle No. 440

@ Reconfigurable Pointing Control for
Spaceborne High-Resolution Spectroscopic
Instruments

A collection of documents summarizes preliminary efforts to
develop improved pointing control for spaceborne scientific
instruments. A significant effort was expended to develop a
theory to provide a pointing-control-performance criterion,
the satisfaction of which would ensure the acquisition of high-
quality data by high-resolution spectroscopic instruments. The
theory is presented and it is found that the criterion is very
stringent and difficult to satisfy by use of standard three-axis
spacecraft control equipment now in use. This finding leads to
the second major effort, regarding a novel reconfigurable-con-
trol concept proposed to satisfy the pointing criterion while
using currently available gyroscopic spacecraft hardware. This
concept involves switching the control error (which one seeks
to null) among detuned Kalman filters. The feasibility of the
concept is verified by use of a covariance analysis, and effec-
tiveness is demonstrated by example calculations for the
Infrared Spectrograph (IRS) payload aboard the Space
Infrared Telescope Facility (SIRTF). Numerical results indicate
that by proper choice of filter detuning and handoff timing,
the optical flux offset could be held (with 0.95 probability) to
within 6 percent of the ideal flux. In contrast, the correspond-
ing flux offset would be 12 percent with conventional three-
axis control.

This work was done by David S. Bayard, Tooraj Kia, and Jeff Van
Cleve of Caltech for NASA’s Jet Propulsion Laboratory. 7o obtain
a copy of the collection, “Reconfigurable Pointing Control for High
Resolution Space Spectroscopy,” access the Technical Support Package
(TSP) free on-line at www.nasatech.com under the Electronic
Systems category, or circle no. 140 on the TSP Order Card in this
issue to receive a copy by mail ($5 charge).

NPO-20182

&% Using Genetic Algorithms To Plan a
Spacecraft Landing

A report summarizes a study in robust flightpath planning
for a low-lift spacecraft to land on Mars. The basic problem was
one of optimization: to plan a sequence of control actions —
specifically, shifts in the position of an internal proof mass to
change the center of mass of the spacecraft and thereby shift
its angle of attack — to make the final landing position as
insensitive as possible to such perturbations as errors and
uncertainties in approach-trajectory parameters and in mathe-
matical modeling of the Martian atmosphere. In the study,
landing trajectories were computed by a nonlinear mathemat-
ical model of the descent dynamics, and optimization was per-
formed by use of genetic algorithms to minimize a quadratic
cost function of the landing miss distance over several realisti-
cally perturbed trajectories. It was found that by suitable sched-
uling of proof-mass shifts, the perturbed trajectories could be
made to coalesce to a “bounce and drop” form, with root-
mean-square landing errors reduced from 111 to 43 km. The
results of this study also indicate that while genetic algorithms
require long processing times (200 hours in this case), they are
fairly easy to program and can provide useful solutions to com-
plex optimization problems.

This work was done by David S. Bayard and Hamid Kohen of
Caltech for NASA’s Jet Propulsion Laboratory. 7o obtain a copy of
the report, “Robust Flight Path Determination for Mars Precision
Landing Using Genetic Algorithms,” access the Technical Support
Package (TSP) free on-line at www.nasatech.com under the
Mechanics category, or circle no. 160 on the TSP Order Card in this
issue to receive a copy by mail (35 charge).

NPO-20185
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MOTORIZED VALVES

APP’s compact, electrically
operated motorized metering
and on-off valves are available
in various configurations,
including straight, two-way
angle, and three-way. APP's
Motorized Valves take approxi-
mately 5 to 30 seconds to travel
from fully open to fully closed and can be stopped
in between. Easily adaptable, they retrofit other
manually operated valves and come in custom cable
lengths. Control of the valves is possible with APP
Controllers such as the Remote Valve and Position
Valve Controllers. Advanced Pressure Products, 83
Brown Rd., Bldg. 4, Ithaca, NY 14850; Tel: 607-257-
5544; www.pmiapp.com

Advanced Pressure Products
For More Information Circle No. 600

mmee| DC MINI MOTORS
& MORE

API Portescap's new 50-page
brochure highlights the
world’s largest range of iron-
less rotor DC mini motors,
ranging from 0.29" 1o 2.7"
and 1.5 kW peak. Also
includes information on
spur and planetary gearbox-
es; small DC brushless motors, including two-wire
versions; disc magnet stepper motors; optical and
magnetic encoders; tachometers; and drive elec-
tronics. API Portescap Inc., 110 Westtown Rd., West
Chester, PA 19382; Tel: 800-566-5274 or 610-692-
2700; Fax: 610-696-4598; www.apiportescap.com

API Portescap Inc.
For More Information Circle No. 603

OLYMPUS
HIGH-SPEED
VIDEO CAMERA

New Olympus Encore™ video
camera monitors equipment
to maximize productivity,
lower per-unit costs, and
increase line output. It digital-
ly records up to 2,000 frames
per second and provides instant, variable-speed
slow-motion replay for analysis. Ideal for manufac-
turing, testing, QC, and research applications.
Compatible with Olympus fiberscopes and
borescopes. Olympus America, Inc., IPG, Melville,
NY; Tel: 800-446-5260; Fax: 516-844-5620; email:
info@ipg.olympus.com; www.olympusipg.com

Olympus America, Inc., IPG

oLYMPUS

For More Information Circle No. 606

BURST PRESSURE
TESTER

APP’s Burst Pressure Tester
determines the exact pressure
at which materials burst or
fail. The Burst Pressure Tester
is fully automated and features
testing pressures up to 60,000
PSI, multiple sample testing,
and rapid results (test length as low as 10 min-
utes). Applications include: burst pressure of
disks or filter walls; crushing point of materials;
crimp or vent failure of battery casings; and
fatigue cycling. Advanced Pressure Products, 83
Brown Rd., Bldg. 4, Ithaca, NY 14850; Tel: 607-
257-5544; www.pmiapp.com

Advanced Pressure Products

For More Information Circle No. 601

PRECISION
MOTION
CONTROL

API Controls’ 172-page step

motor systems catalog, fea-

turing the new Intelligent

Drive series, includes defini-

tions, applications, compari-

son charts, specifications,
and diagrams that simplify the selection/applica-
tion process. APl Controls’ products range from
full/half-step driver modules to complete, high-per-
formance microstep systems. API Controls Inc., 45
Hazelwood Dr., Amherst, NY 14228-2096; Tel: 800-
566-5274 or 716-691-9100; Fax: 716-691-9181;
www.apicontrols.com

API Controls Inc.
For More Information Circle No. 604

WAVELET AND
FILTER BANK
TOOLKIT

The LabVIEW Wavelet

and Filter Bank Design

Toolkit delivers wavelet
and filter bank tools for developers in signal and
image processing, computer vision, biomedical sig-
nals and imaging, physics, and mathematics. For
developers who are not LabVIEW users, the toolkit
includes a ready-to-run application that can be used
in other software applications such as C and Visual
Basic. National Instruments, 6504 Bridge Point
Pkwy., Austin, TX 78730; Tel: 512-794-0100 or 800-
433-3488; Fax: 512-794-8411; email: info@natinst.
com; http://www.natinst.com

National Instruments
For More Information Circle No. 607

PRESSURE GAUGE
CALIBRATION
SYSTEM

APP introduces the Complete

Pressure Gauge Calibration
System for pressure gauge testing and calibration.
The system includes a precise pressure controller
with a high-accuracy master pressure gauge, a mani-
fold for easy connection of test pressure gauges (slave
gauges), and a fully automated data acquisition sys-
tem. Controlled by Windows-based software, the sys-
tem provides flexible test and graphics output. The
calibration process can be performed automatically
or manually. Advanced Pressure Products, 83 Brown
Rd., Bldg. 4, Ithaca, NY 14850; Tel: 607-257-5544;
Www.pmiapp.com

Advanced Pressure Products
For More Information Circle No. 602

WORLD OF
CLAMPING

The World of Clamping
introduces DE-STA-CO's new
line of high-strength compos-
ite clamps, details their
remaining line of approxi-
mately 500 toggle clamps,
and features expanded
dimensional and application information, DE-STA-
CO's toggle clamp line includes hold-down, latch,
straight-line and squeeze-action clamps. The cata-
log also contains DE-STA-CO's pneumatic and
hydraulic clamping systems (Catalog 197). DE-STA-
CO, PO Box 2800, Troy, MI 48007; Tel: 248-594-
5600; email: cust.serv@destaco.com; http://www.

destaco.com
DE-STA-CO
For More Information Circle No. 605

VISION
SOLUTIONS

Learn how to use

PC-based vision

systems with Na-

tional Instru-

ments' Image

Processing Solu-
tions application notes, to solve diverse science,
medical, machine vision, and electronic inspec-
tion applications. Learn how PC-based vision sys-
tems can save you and your business time and
money in applications requiring fast and repetitive
machine vision inspection and automation.
National Instruments; Tel: 512-794-0100; Fax: 512-
794-8411; email: info@natinst.com; http://www.
natinst.com

National Instruments
For More Information Circle No. 608




MAGNETIC
SHIELDING KIT

Brochure describes techniques
for shielding H-fields up to 100
KHz. Kit includes a variety of
fully annealed CO-NETIC and
NETIC alloys, plus an AC mag-
netic pickup probe to measure
field strength and attenuation. Complete design
information covers theory, prototypes, fabrication
methods, and specifications. The kit is useful for
anyone who needs fast solutions to magnetic shield-
ing problems. Part Number LK-120 - $129.00.
Magnetic Shield Corp., Perfection Mica Co., 740 N.
Thomas Dr., Bensenville, IL 60106; Tel: 630-766-
7800; Fax: 630-766-2813; www.magnetic-shield.com

Magnetic Shield Corp.

For More Information Circle No. 609

NEW ENCLOSURES
PREVENT MONITOR
JITTER

ImageGuard II™ CRT enclosures

eliminate monitor screen distur-
bances due to magnetic fields from power lines and
electrical equipment. Easily installed ImageGuard
IT CRT Monitor Enclosures surround the display to
stop smeared colors or jitter. Shield construction
utilizes Military-Spec CO-NETIC AA magnetic
shielding alloy for high attenuation of magnetic
fields. Optional appearance enhancements include
paint, Formica, or wood veneer exterior. Ask for
Brochure IG-3. Magnetic Shield Corp., 740 N.
Thomas Dr., Bensenville, IL 60106; Tel: 630-766-
7800; Fax: 630-766-2813; www.magnetic-shield.com

Magnetic Shield Corp.
For More Information Circle No. 610

COMPOSITE
BEARING
MATERIALS

Orkot Inc. offers a full-color
brochure on composite bearing
materials covering a wide range

of bearing applications in the

— marine, hydroelectric, and

industrial industries. Our environmentally friendly
materials offer unique mechanical and physical
properties that make it an ideal bearing material.
Orkot® is available in either self- or non-lubricated
forms and manufactured in tube, sheet, and fin-
ished product. For complete specs and pricing,
contact Orkot Inc., 2535 Prairie Rd., Eugene, OR
97402; Tel: 800-546-7568; Fax: 541-688-2079.

Orkot Inc.

For More Information Circle No. 611

NEW MATERIALS
MICROSCOPE

Axiovert 25 CA is an invert-
ed, incident light micro-
scope that features high sta-
bility, versatile operation,
and superb results. A rotary
mechanical stage eases con-
trasting and identification
of anisotropic materials, and
a video zoom adapter provides standard magnifica-
tions of video prints. Famous Zeiss optics produce
brilliant images in darkfield, bright field, polariza-
tion, interference contrast, and fluorescence. Carl
Zeiss, Inc., Microscopy Div., Thornwood, NY 10594;
Tel: 800-233-2343; email: micro@zeiss.com

Carl Zeiss, Inc.

For More Information Circle No. 612

E-M
ANALYSIS
FOR
WINDOWS

2D and 3D elec-
tromagnetics
simulation is
now available
for PCs running

Microsoft Win-

dows. MagNet 5.2.3 lets you cut/paste field plots,
graphs, and other data directly into Windows appli-
cations to generate reports. Fully adaptive solutions
tailored to user-defined error criteria. Free demo
diskette. Infolytica: the e-m specialists; Tel: 514-849-
8752; Fax: 514-849-7239.

Infolytica

For More Information Circle No. 613

VACUUM
SYSTEMS

This full-line brochure fea-
tures Nilfisk’s expanded
vacuum cleaner line,
including local exhaust
hand tools and specialty
products such as equip-
ment for lead abatement
and vehicle brake mainte-
nance. Highlights of the

brochure include product application photographs
and illustrations of the three filtration systems
offered by Nilfisk. Nilfisk of America, Inc., 300
Technology Dr., Malvern, PA 19355; Tel: 215-647-
6420; www.nilfiskamerica.com

Nilfisk of America, Inc.

For More Information Circle No. 614

.0 PEM® R'ANGLE™
RIGHT-ANGLE CLINCH
FASTENER

The new self-clinching PEM®

R'ANGLE™ fastener provides a

strong right-angle attachment

point in aluminum sheets as thin
as 0.040”/1mm. Now you can securely attach anoth-
er sheet or component perpendicular to the sec-
tion in which the R’ANGLE fastener is installed.
Attachment is made using a self-piloting, thread-
forming screw. The result is an extremely tight
thread fit that resists vibration and exhibits excel-
lent strip-out characteristics. Penn Engineering &
Manufacturing Corp.; Tel: 800-237-4736; Fax: 215-
766-0143; http://www.pemnet.com

Penn Engineering & Mfg. Corp.

For More Information Circle No. 615

NEW! OPTICS &
OPTICAL INSTRUMENTS

l Edmund Scientific's free 272-page
catalog features our machine vision
components and one of the largest

selections of precision off-the-shelf optics and opti-
cal instruments. Our precision off-the-shelf optics,
TechSpec™ Optics and optical components can
take you from design, to prototype, to final produc-
tion. We provide technical design and production
solutions. Over 8,000 scientific and technical prod-
ucts, including magnifiers, lasers, microscopes, tele-
scopes, “machine vision,” and video microscopy.
Tel: 609-573-6259; Fax: 609-573-6233; email:
B971N954@edsci.com; hup://www.edsci.com

Edmund Scientific Co.
Industrial Optics Division, Dept. B971, N954

For More Information Circle No. 616

IMAGINATION
SYSTEMS’
HYPERKERNEL

Hyperkernel is the first product
that enables software developers to
implement real-time systems appli-
cations that execute cooperatively
with Windows NT. With Hyperkernel, developers can
integrate highly deterministic real-time application
programs. Hyperkernel enables devices such as
robots, process controllers, and machine control sys-
tems to be configured as application servers on stan-
dard network systems. 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. 617

MINI LINEAR
SLIDES AND
STAGES

Mini slides in many

styles: balls, rollers,

stages, recirculating

R type. Deltron slides

accommodate today’s trend toward increasingly

smaller assemblies and instruments in automated

industrial systems. These microminiature compo-

nents offer the same high quality and performance

as that of their larger and more traditionally sized

companion components. Del-Tron Precision Inc., 5

Trowbridge Dr., Bethel, CT 06801; Tel: 800-245-

5013; Fax: 203-778-2721; email: deltron@
deltron.com

Del-Tron Precision Inc.

For More Information Circle No. 618

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; email: apd@algor.com;
www.algor.com/apd

APD

For More Information Circle No. 619

NEW BARNANT
TEMPERATURE
CONTROLLERS

Barnant Co.’s new tem-
perature controllers

feature direct plug-in of heating devices and
adjustable over-temperature and loop break cutoff
for fail-safe operation. Available in standard and
deluxe models, they provide three control modes,
basic on-off autotune PID and programmable PID,
field calibration offset capability, and pro-
grammable alarms. Maximum accuracy is +0.4°C.
Temperature inputisvia |, K, T, E, N, B, R, and S
thermocouples. Barnant Co., 28W094 Commercial
Ave., Barrington, IL 60010; Tel: 800-637-3739; Fax:
847-381-7053.

Barnant Company

For More Information Circle No. 620




PLASTIC & RUBBER
EXTRUSIONS

For over 25 years, Trim-Lok, Inc.
has been recognized as a leader
in the field of plastic and rubber
extrusions. Offering a full line
of trims and seals designed for
many industries such as automo-
tive, boating, and aerospace, we are committed to
finding solutions to any manufacturing needs.
Located in Buena Park, CA, our state-of-the-art,
90,000-sq t. facility enables us to offer quality prod-
ucts, manufactured on the premises, backed by
unmatched delivery and customer service.
Competitive pricing, on-time delivery, and unparal-
leled customer service. At Trim-Lok, we stake our
reputation on it!

Trim-Lok, Inc.
For More Information Circle No. 621

215T CENTURY
PREVIEW
EDITION

Vol. MM™ 21st Cen-
tury™ Preview Edition
contains over 750 full-
color pages and is your
source for the latest
products in:

* Temperature

* Pressure and Force

* Flow and Level

* Data Acquisition

¢ pH and Connectivity

¢ Electric Heaters

¢ Environmental

Omega Engineering

For More Information Circle No. 622

NEW
SENSORS
CATALOG

New catalog describes
load, force, and torque
sensors. Gram Sensors:
from 10 to 1K grams;
Load Cells: to 400K Ibs.;
Load Buttons: to 50K
Ibs.; Thru Hole Load
Cells: to 30K Ibs;
Torque Sensors: to 50K
in/Ibs.; and Load Pins. Transducer Techniques Inc.,
43178 Business Park Dr., Temecula, CA 92590; Tel:
909-676-3965; Fax: 909-676-1200; e-mail: tti@ttload
cells.com; http://www.ttloadcells.com

Transducer Techniques Inc.
For More Information Circle No. 623

GT50-DIO
DYNAMIC
DIGITAL I/O0

Now, for the first time,
PC-based high-speed digi-
tal testing is possible. The
GT25/50-DIO provides
the latest state-of-the-art
digital testing capability
for PC-based systems.
Main features include:
programmable test rates up to 50MHz, 32 to 256
bidirectional 1/O pins, up to 1 Mbit memory
behind each pin, powerful sequencer, and trigger-
ing mechanism. Geotest; Tel: 800-330-9774;
www.geotestinc.com

Geotest, Inc.
For More Information Circle No. 624

ADVANCED
COMPOSITE
TRAINING

The industry leader in advanced
composite training since 1983,
Abaris Training offers engineer-
ing-level courses in design and
analysis of composites: Intro-
duction to Laminate Design, Structural Analysis and
Repair Design, Design and Analysis of Composite
Structural Joints, and Composite Crack Patching of
Aluminum Airframes. We also offer introductory-
level courses and practical workshops in fabrication
and repair. Abaris Training Resources Inc.; Tel: 800-
638-8441; Fax: 702-827-6599; e-mail: cn@
training.abaris.com; www.training.abaris.com

Abaris Training Resources, Inc.
For More Information Circle No. 625

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

Algor's Internet place has detailed information on
four product lines. Discover Houdini, Algor's 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. 626

FREE DATA
ACQUISITION
CATALOG

UEI's catalog gives you full
specs for data acquisition
boards that are DSP-enhanced
and provide 16 channels at 1
MHz continuous A/D. Op-
tions include on-board simul-
taneous sampling and individual prog. gain ampli-
fiers for all channels. Also available: 16 bits at
200,000 samples/sec. Describes UEI's new
PowerDAQ™ boards for the PCI bus, incorporating
a 66 MHz DSP and bus-mastering data transfer.
UEI 10 Dexter Ave., Watertown, MA 02172; Tel:
800-829-4632; Fax: 617-924-1441; www.ueidag.com

United Electronic Industries
For More Information Circle No. 627

FREE LAMP
CATALOG

Bulb Direct, Inc. sells
replacement specialty
lamps for A/V, photo-
graphic, stage, studio,
video, micrographic,
and graphic arts equip-
ment, plus medical and
electronic instruments.
We offer brand names
with two-day air delivery
at no extra cost! New this year.. Specialty Energizer
Batteries. Bulb Direct Inc., 1 Fishers Rd., Piusford,
NY 14534-9511; Tel: 800-772-5267 or 716-385-3540;
Fax: 716-385-4976.

Bulb Direct, Inc.
For More Information Circle No. 628

VESPEL® POLYIMIDE
PARTS & SHAPES

DuPont Vespel® parts offer reliability
and durability for semiconductor man-
1 ufacturing. These high-performance
components can reduce costs through longer life
and extended maintenance intervals versus quartz
and ceramics. Vespel® parts perform at high tem-
peratures, resist chemical attack, and exhibit supe-
rior cleanliness, dimensional stability, and dielectric
performance. Applications include clamping rings
and other “in chamber” applications, wafer han-
dling and processing, and IC handling and testing.
DuPont Engineering Polymers, Barley Mill Plaza,
Bldg. 22, PO Box 80022, Wilmington, DE 19880-
0022; Tel: 800-972-7252.

DuPont Engineering Polymers

For More Information Circle No. 629

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

Hiram Jones Electronics, Inc.

For More Information Circle No. 630

ELECTRO-
MAGNETIC
DESIGN
SOFTWARE

The legendary Vector Fields
suite of software, including
the TOSCA, ELEKTRA and
OPERA packages, combines
classical finite element tech-
niques with user friendly
interactive graphics for high
accuracy 2D and 3D simulation and design of all
types of electromagnetic equipment.

Vector Fields Inc.
1700 North Farnsworth Avenue
Aurora, IL 60505
Tel: 630-851-1734 Fax: 630-851-2106

\F VECTOR FIELDS

For More Information Circle No. 631

COMPUTERS AND
ELECTRONICS

Circuit Specialists, Inc., in
business for 26 years. Our
150-page catalog has over
9,000 products including
industrial & personal com-
puters, computer peripher-
als, board-level data acquisi-
tion & control products, test
equipment, motion control products, educational
laser & fiber optics, wiring products & much more.
Circuit Specialists, Inc., 220 S. Country Club Dr.,
Bldg. 2, Mesa, AZ 85210; 24-hour catalog request
line: 800-811-5201, ext. 5; Fax: 602-464-5824;
http://www.cir.com

Circuit Specialists, Inc.

For More Information Circle No. 632



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

APD

For More Information Circle No. 633

PLX HOLLOW
RETROREFLECTOR
BROCHURE

Pioneers in the development
of hollow retroreflector tech-
nology, PLX can provide solu-
tions where great optical sta-
bility and high-quality wave
fronts are essential. The
brochure features products
designed for a variety of military, aerospace, indus-
trial, and medical applications involving boresight-
ing, interferometry, and spectroscopy. For a free
copy, contact Jack Lipkins at: PLX, 40 Jeffryn Blvd.,
Deer Park, NY 11729; Tel: 516-586-4190; Fax: 516-
586-4196; E-mail: plx@netusa.net

PLX

For More Information Circle No. 634

VXI PRODUCTS

The new HP Systems

Builder’s Source in-

cludes comprehensive

technical information

for the most complete

selection of test system

 components available.

Test system and VXI

components, HP VEE -

the graphical program-

ming language for test engineers - and custom sys-

tem integration services are detailed for solutions

in electronic manufacturing test and data acquisi-

tion applications ranging from telecommunications

to automotive. For a FREE catalog and CD-ROM,
call Hewlett-Packard at 800-452-4844, ext. 1803.

Hewlett-Packard
For More Information Circle No. 635

1997 PCMCIA
PRODUCTS CATALOG

The new PCMCIA-PC CARD standard
has been incorporated into many new
applications such as: Data-logging,
agriculture, digital film, and wireless
communications. Envoy Data has just released its
new catalog for these new applications plus many
other products like: memory, I/O (serial, parallel,
SCSI, A/D, etc.) cards; PC card drives for ISA, IDE,
SCSI, etc.; along with industrial card and drives,
multimedia, industrial, and engineering tools for
PCMCIA applications. Envoy Data Corporation, 6
E. Palo Verde, #3, Gilbert, AZ 85296; Tel: 602-892-
0954; Fax: 602-892-0029; e-mail: info@
envoydata.com; http://www.envoydata.com

Envoy Data Corporation

For More Information Circle No. 636

EMI/RFI SHIELDING
PRODUCTS

New catalog details hundreds
of standard gaskets and
grounding strip variations,
engineered to meet the most
common shielding applica-
tions. Standard as well as cus-
tom designed shields are man-
ufactured from Beryllium, Copper, and other High-
performance materials. Special finishes and a vari-
ety of mounting methods are offered. For World
Class quality and service call 973-890-7455 or visit
our Web Site at: HTTP://WWW.OMEGASHIELD
ING.COM; e-mail: SALES@OMEGASHIELDING.
COM

¢ OMIEGA

Omega Shielding Products Inc.

For More Information Circle No. 637

THE SOURCE
FOR
ELECTRONIC &
MECHANICAL
HARDWARE

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

Z=S Seastrom

Seastrom Manufacturing Co. Inc.

For More Information Circle No. 638

PRECISION
MEASUREMENT &
SENSING
INSTRUMENTS FOR
MANUFACTURING

Advanced line of measure-

ment and sensing instruments

= for the calibration and main-

tenance of machine tools, robots, and CMMs.

Includes 5-D laser measuring system, ballbars, spin-

dle dynamic and thermal analysis system, levels,

dual-axis beam steerer systems, laser trackers, and

more. Automated Precision, Inc., 7901-C Cessna

Avenue, Gaithersburg, MD 20879; Tel: 800-537-2720
or 301-330-8100; Fax: 301-990-8648.

Automated Precision, Inc.

For More Information Circle No. 639

HI-TEMP SOLUTIONS
WORLDWIDE

Aremco produces high-tempera-

ture ceramics, adhesives, coat-

ings, sealants, tapes, greases,

castables, and potting com-

pounds. These materials are used
throughout industry in the design of sensors, elec-
trical components, and analytical instruments, as
well as the maintenance of high-temperature indus-
trial process equipment. Aremco also produces dic-
ing equipment and screen printers which are used
in the processing of electronic and technical ceram-
ics. Aremco Products, Inc., PO Box 429, 23
Snowden Ave., Ossining, NY 10562-0429; Tel: 914-
762-0685; Fax: 914- 762-1663.

- e e

Aremco Products, Inc.

For More Information Circle No. 640

VLSI
INTERCONNECTION
SPECIALISTS

Ironwood Electronics pro-
duces a range of interconnect
solutions including hundreds
of prototyping adapters, test
probe adapters, programming
adapters, and other intercon-
nect devices. For fully compliant surface mount
interconnect test adapters, we offer a wide selection
of high-quality solutions. We also have custom
design services for unique solutions in packaging.
Ironwood Electronics, PO Box 21151, St. Paul, MN
55121; Tel: 612-452-8100; Fax: 612-452-8400;
www.ironwoodelectronics.com

Ironwood Electronics

For More Information Circle No. 641

NEW LEVEL, FLOW
AND PRESSURE
SENSORS CATALOG

New 232-page catalog (more

than 350 standard products) is

now available from The Fluid

Sensor People™ at GEMS! In
addition to the thousands of sensor variations for
OEM design engineers, the full-color Qwik Piks™
Section showcases hot products and cool tips for
novices and experts alike, plus same-day shipping!
Sensor technologies include: ultrasonic, electro-
optic, fiber-optic, float, conductivity, Hall Effect,
CVD transducers, and more. Gems Sensors, 1
Cowles Rd., Plainville, CT 06062; Tel: 800-321-6070;
Fax: 860-793-4500.

Gems Sensors

<E

For More Information Circle No. 642

STATIC
ELIMINATORS

EXAIR-Ionizers improve
static and dust removal in
many applications and
contain no radioactive ele-
ment. Air-delivered ions
neutralize static and clean
surfaces at distances to 20
feet. Three styles, includ-

ing air knife and blowgun,
are available. Applications include web cleaning,
pre-paint aut6é body blowoff, and neutralizing plas-
tic parts. EXAIR Corporation, 1250 Century Circle
North, Cincinnati, OH 45246; Tel: 800-903-9247;
Fax: 513-671-3363; E-mail: techelp@exair.com;
http://www.exair.com

EXAIR Corporation
For More Information Circle No. 643

RUGGED
MINIATURE
SWITCH

The Series 70 is an
environmentally rug-
ged line of lighted 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. 644




POWDER
METALLURGY
DESIGN
SOLUTIONS

This 20-page brochure,
published by the Powder
Metallurgy industry trade
association, is yours free
for the asking. It features
cost-effective design solu-
tions and new ways to handle parts fabrication.
Metal Powder Industries Federation, 105 College
Road East, Princeton, NJ 08540; Tel: 609-452-7700;
Fax: 609-987-8523; http://www.mpif.org

Metal Powder Industries
Federation

For More Information Circle No. 645

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;

Algor

For More Information Circle No. 646

PRECISION
ALUMINUM
EXTRUSIONS

New! An informa-
tive brochure from
MIN-ALEX, leader
in close tolerance
shapes to 3 1/27,
illustrates typical
applications and de-
scribes capabilities
including short
runs. MINALEX,
quality leader, delivers on time, every time.
MINALEX, PO Box 247, Whitehouse Station, NJ
08889; Tel: 908-534-4044; Fax: 908-534-6788.

Minalex

minalex

For More Information Circle No. 647

VIBRATION
ISOLATION & IMPACT
ABSORPTION

New, full-color brochure describes

the dynamic properties of Sorbo-

thane, the unique vibration isolation
and impact absorption material. New test data details
the damping properties of Sorbothane compared to
other elastomers. Sorbothane is a patented visco-elas-
tic polymer. Includes information on Sorbothane'’s
new line of advanced vibration isolation/shock
absorption producls, as well as applications engineer-
ing, manufacturing capabilities, and the many appli-
cations for Sorbothane. Sorbothane, Inc.; Tel: 330-
678-9444; Fax: 330-678-1303; E-mail: webmaster@
www.sorbothane.com; http://www.sorbothane.com

Sorbothane, Inc.

For More Information Circle No. 648

EXAR ... | AIR MOVERS

Air Amplifiers convey, vent,
exhaust, cool, dry, and clean~
with no moving parts. Using a
small amount of compressed
air as a power source, Air
Amplifiers move large vol-
umes of surrounding air to

http://www.algor.com
|
!
produce high-velocity outlet
flows. Air amplifiers are com-
pact, durable, portable, and maintenance-free.
Applications include small parts conveying; venting
fumes; and cleaning, drying, or cooling parts.
EXAIR Corporation, 1250 Century Circle North,
Cincinnati, OH 45246; Tel: 800-903-9247; Fax: 513-
671-3363; E-mail: techelp@exair.com; http://
WWW.exair.com

EXAIR Corporation

For More Information Circle No. 649

2000 CFM with no moving parts! |

METAL BELTS AND
DRIVE TAPES

This general product
brochure describes the vari-
ous attributes that make
metal belts and drive tapes
an exceptional and exciting
option for design engineers.
Manufactured by Belt
Technologies for 25 years,
this unique family of products has helped design
engineers overcome challenging application
requirements in the electronics, aerospace,
biomedical, optical and packaging industries. Belt
Technologies, Inc., PO Box 468, Agawam, MA
01001; Tel: 413-786-9922; Fax: 413-789-2786.

Belt Technologies, Inc.

For More Information Circle No. 650

TOOLING
COMPONENTS
AND CLAMPS

This 500-page catalog
contains an assortment
of components includ-
ing toggle clamps,
modular fixturing,
clamping devices,
power workholding,
chuck jaws, pins,
knobs, drill bushings,
leveling feet, and
much more. Carr Lane Manufacturing Co., 4200
Carr Lane St., PO Box 191970, St. Louis, MO
63119-7970; Tel: 314-647-6200; Fax: 314-647-5736.

Carr Lane Manufacturing Co.

For More Information Circle No. 651

NEW GEMINI
FOR WIDOWS

Fast 2D magnetostatics
simulation at a budget
price from Infolytica.
Gemini for Windows
incorporates neural net-
work-based solutions,
LDCG solvers, the Open
Boundary Technique, and
“tunable Maxwell stress”
calculations. Call 800-492-
6464 for full details and
our promotion price. Infolytica: the e-m specialists;
Tel: 514-849-8752; Fax: 514-849-4239; Europe:
+44.123.582.3288; Japan/Adtech: 03-5276-5291.

Infolytica

For More Information Circle No. 652

NEW GUIDE TO
SPRING DESIGN

Mid-West Spring’s new Guide to
Spring Design helps engineers/
designers plan, design and speci-
fy springs. Brochure includes
design formulae, materials prop-
erty and Wahl curvature stress
correction data. Compression, torsion and extension
springs are discussed, along with materials data on
high carbon spring steel, steel alloys, stainless steel,
non-ferrous, and high temperature alloy wire and flat
high-carbon spring steels. For a free copy contact
Mid-West Spring Manufacturing Company, 1404
Joliet Road, Unit C, Romeoville, IL 60441; Tel: 800-
619-0909; Fax: 708-739-3890.

Mid-West Spring Manufacturing Co.

For More Information Circle No. 653

EOIDE TO SPRING DESICH

i e,
CHANNE

APPLICATIONS

Introducing FibreXpress™,
SYSTRAN Corp.'s new line
of Fibre Channel host bus
adapters. FibreXpress is
ideal for very-high-speed
mass storage and high-
throughput, data-intensive
DSP applications such as
radar, sonar, medical scan-
ners, and OCR. Request your free tech overview
today! SYSTRAN Corp.; Tel: 937-252-5601; Sales: 800-
252-5601; Fax: 937-258-2729; E-mail: info@systran.
com; WWW: http:/ /www.systran.com

SYSTRAN Corp.
For More Information Circle No. 654

FitreXpress
Network

SVSiHAN Corr

THERMO-
COUPLES,
MAKE YOUR
OWN

The HOTSPOT allows
thermocouple wire to
be formed into free-
standing junctions, or
welded to metal sur-
faces. It provides a sim-
ple means of fabricat-
ing thermocouples “when needed and where need-
ed.” Brochure and specification sheet available.
Address: 7300 North Crescent Blvd., Pennsauken,
NJ 08110. Tel: 609-662-7272; Fax: 609-662-7862;
http://www.thomasregister.com/dcc

DCC Corp.
For More Information Circle No. 655

INSTRUMENT DATA
ACQUISITION

The SoftwareWedge™ directs
serial (RS-232, RS-485, RS-
422) data from any instru-
ment into any Windows 3.x,
95, or NT application such as
Excel, MMIs, VB, Control,
and Statistical applications.
This configurable driver pro-
vides full data acquisition and
control of PLCs, data loggers, scales, flow meters,
lab instruments, etc. Please contact TAL
Technologies, Inc., 2027 Wallace St., Philadelphia,
PA 19130; Tel: 800-722-6004 or 215-763-7900; Fax:
215-7639711; hup://www.taltech.com

TAL Technologies, Inc.
For More Information Circle No. 656



More than 50,000
Electronics Professionals
will Converge at

Wescon - IC Expo/97

For the first time. . .
Bringing Wescon to the © )
Silicon Valley

Wescon - IG EXPO
November 4 - 6, 1997

North America’s Largest Electronics
Trade Exhibition and Conference

Now the Largest Technology Event
in the Silicon Valley

FREE and CONVENIENT Transportation
Between Both Venues

For Complimentary Admittance
Visit and Register at
WWW.Wescon.com

For More Information, Contact
Electronic Conventions Management

8110 Ai t Boul i | -
Los Angell?;? rcA ;5'0:;?; 194 Simultaneously at both the

Phone 800/877-2668, 310/215-3976, ext. 218 San Jose and Santa Clara
Fax 310/641-5117 * Email wescon@ieee.org L‘onvention centers

For More Information Circle No. 532




New on Disk

Product of the Month

Manufacturing and Consulting Ser-
vices, Scottsdale, AZ, has announced
Anvil Express™ CADD /CAM software for
Windows that includes the SolidWorks™
solid modeler for parts and assembly
modeling, multiplesurface milling, tool

path simulation and verification, photo-

realistic rendering and animation, and

Autosnap-3-D” technology that automat-
ically generates solid models from 2D geometry with a single mouse click. Other
features include multimedia tutorials; parametric, surface, and wireframe mod-
eling; and NC programming with support for multiple-surface machining.

For More Information Circle No. 700

Gridgen version 12 numerical grid
generation software from Pointwise,
Bedford, TX, uses OpenGL 3D
graphics. The software enables con-
struction of meshes for use with
CFD and finite-element analysis
software, and includes geometry
modeling, IGES import, grid gener-
and compatibility with Sili-
con Graphics, Hewlett-Packard, and
IBM workstations.
For More Information Circle No. 707

ation,

HyperForm™ metal stamping simula-
tion software from Altair Computing,
Troy, MI, contains HyperMesh® finite-
element pre- and post-processor, and
Simex® finite-element code for sheet

metal forming. The program allows
users to identify and correct potential
stamping problems.

For More Informnion Cirth No. 701

Eos Systems, Vancouver, BC, Canada,
has introduced Photo-Modeler Pro 3.0
modeling software that creates 3D
models of existing objects and scenes
through the use of photographs.
Features include automatic camera ori-
entation, surface drawing, enhanced
file export and photo-texturing.
For More Information Circle No. 704

B.A. Intelligence Networks, South-
field, M1, has released a new version of
BAAN PDM design-to-manufacturing
software that provides two-way trans-
fer of product-related data through an

integrated suite of document manage-
ment, versioning and change control,
and product structure and workflow
management capabilities.

For More Information Circle No. 708

Professional

TechOptimizer 2.5
Edition Windows 95/NT engineering
solution software from Invention
Machine, Boston, MA, supports engi-

neers in the conceptual stage of
product and process development.
TechOptimizer Module allows engi-
neers to correctly state a problem;
Effects, Principles, and Prediction
Modules help find solutions; and the
Feature Transfer Module
transfer of desirable features from
one system to another.

For More Information Circle No. 705

allows
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America,
Louisville, KY, has introduced C-
MOLD 3D QuickFill injection
molding simulation software that
accepts solid
from any CAD package,
plays simulation results on the

AC Technology North

geometry models

and dis-

designer’s solid model. The soft- |

ware reveals potential design or
manufacturing problems and pro-
vides solution advice

|  For More Information Circle No. 702

Microcal Software, Northampton,
MA, has announced Origin™ version
5.0 Windows-based data analysis and
technical graphics software for ana-
lyzing, graphing, and presenting
data. The software opens Excel work-
books within its work space, allowing
users to visually manipulate data
within the Origin graph

For More information Circle No. 706

Corel Corp., Ouawa, ON, Canada,
offers CorelCAD™ Modeler solid mod-
eling software for visualizing, manipu-
lating, and refining of
Based on ACIS® solid modeling, the

3D models

program allows sharing and collabora-
tion by multiple users. The Windows
95/NT 4.0-compatible software en-
ables creation of parts and compo-
nents individually, allowing users to
arrange them into a single assembly.
For More Information Circle No. 703

HIGH-PERFORMANCE
MOTION CONTROL SOLUTIONS

aor Op motion
Broad Product

or high-precision
9 Portfolio

miniat ectric motors and

Application

Engineering
Support

motorized devices

= Standard and custom produ

= Planetary and sp

Rapid

Call for immediate information! Prototyping

6106’[ MOI'O/?.S'

“They're
Deucedly
Clever”

INFLATED

OVERCOME TROUBLESOME DESIGN PROBLEMS

S WEATHER 3 & S HEATICOLD Ecnswcm
A%Z WATER <P UGHTIDARK 45 CONTAMINANTS

A NOISE M) (( PRESSURE/
VACUUM

Inflatable seals in a wide range of sizes and configurations
are used anywhere a positive seal is needed between oppos-
ing surfaces. It's the innovative solution for many difficult ap-
plications. Design assistance available.

SEAL MASTER CORPORATION

INFLATABLE SEALS AND OTHER CUSTOM RUBBER PRODUCTS

368 MARTINEL DRIVE » KENT, OH 44240-4368 USA
(330) 673-8410 » FAX (330) 673-8242
E-Mail: info@sealmaster.com ¢ www.sealmaster.com

- RADIATION
Vi
Vo

For More Information Circle No. 443




Bellows Assemblies...
- A Performance Classic

Servometer's craftsmanship and design capabilities
can provide precision Bellows Assemblies for
applications where weight, strength or flexibility are
a priority. The exceptional life, extreme sensitivity
and high flexibility of our bellows has greatly
influenced their usage within the Instrumentation,
Laser, Medical and Aerospace Industries.
* Can be soldered or welded to a leak
tightness of less than 1 x 10-9 cc/sec.
* Pressures of 5000 PSI or higher
¢ Variable Wall Thicknesses
* Extremely low spring rates

501 Little Falls Road

Call for a
free sample
and Brochure

Fax: (973) 785-0756

Tel: (973) 785-4630
www.servometer.com

Fax (USA): (800) 785-0756
Cedar Grove, NJ 07009 et

For More Information Circle No. 444

‘A Load Cells
Force/ Torque
Sensors

@-a,gg ;‘.

Catalog Includes:
Thru Hole Load Cells
Low Profile Load Cells

Gram Sensors

Tension Load Cells

Mini Load Cells Load Pins

Torque/Sensors Transducer Indicators

Special OEM Sensors

?' Transducer Techniques
(909) 676-3965 FAX (909) 676-1200
e-mail: tti@ttloadcells.com

URL: http://www.ttloadcells.com

k 43178 BUSINESS PARK DRIVE, B-101 » TEMECULA, CA 925¢

90 )

108 For More Information Circle No. 445

New on the Market

North Co.,
Indianapolis, IN, offers piezoelectric

American Capacitor

<

and electr tr ers. The

g
piezo transducers are available in
external drive with no feedback, self-
drive with feedback, surface mount,

| miniature speaker/piezo type, and
| miniature speaker cone type styles

with sound output from 75 dB to 105
dB. Electromagnetic transducers are
available with mounting pins or lead
wires and offer sound outputs of 80 dB
or 85 dB at 1.5V.

For More Information Circle No. 720

The TOObender electronically con-

motor-driven tube bender
OH,
bends carbon steel and stainless steel

trolled,
from Swagelok Co., Solon,
tubing in 1, 1-1/4, 1-1/2, and 2-inch
sizes with a bending range from 1 to
110 degrees. The bender is self-con-
tained and operates horizontally or
vertically. Bends can be preset, and a

| digital display shows degree and

progress of the bend.
For More Information Circle No. 714

Endura Coatings, Warren, MI, has
introduced two synergistic coatings for
use in the aerospace, automotive,
chemical processing, packaging, plas-
tics, medical, and pharmaceutical
industries. The coatings provide sur-
face hardness to 85 Rc, corrosion resis-
tance, permanent release, and a low
coefficient of friction.
For More Information Circle No. 713

I'he 16AC Series plastic gearheads
from MicroMo Electronics, Clear-
water, FL, feature load-bearing values
of 6N (21.6 0z.) radial and 2N (7.2 oz.)
axial. The gearheads have operating
temperatures from -30 to 65°C and are
capable of bidirectional operation.
Gearhead weights vary from .11 to .21
ounces, depending on ratio, with effi-
ciencies to 81%.

For More Information Circle No. 716

DRS Precision Echo,
CA, has introduced the

Santa Clara,
MTG-110

digital tape drive for high-speed data ‘

acquisition and video/image stor-
age. The drive allows users to store
42 GB of uncompressed data on a
single cassette, with a sustained data
transfer rate of 12 MB per second
over a SCSI-2 interface. It is compat-
ible with most workstations, as well as
Windows 95/NT.
For More Information Circle No. 712

The Goldline™ brushless servomotor
from Kollmorgen Motion Technolo-
gies Group, Radford, VA, can with-
stand shocks of up to 40 g's and fea-
tures a stainless steel shaft and rust-
resistant plating and epoxy paint.
Continuous stall torque from 0.62 to
80 Ib-t is available. The motor incor-
porates rare earth neodymium-iron-
boron magnets.

I'he Compaq Professional Worksta-
5100 computer workstation
Compaq Computer Corp.,

tion
from
Houston, TX, features dual memory
controller architecture that provides
1.07 GB/second of memory band-
width; dual-peer PCI buses; and SMP
support with up to two Pentium II
266-MHz or 300-MHz processors.
The workstation features host inter-
operability application software for
operation in both Windows NT and
UNIX environments.

For More Information Circle No. 711

For More Information Circle No. 715
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New on the Market

The DG-525 digital linear gauge from
Ono Sokki Technology, Addison, IL,

measures dimensions, thickness, cur- |

vature, eccentricity, displacement,
height, depth, flatness, variation, run-
out, roundness, distortion, and
deflection. It measures to 0.00002"

through a 25-mm measuring range.

The gauge has an adjustable measur- |

ing force for taking measurements

on compressible

require low pressure.
For More Information Circle No. 721

materials

that |

Pro-Log Corp., Monterey, CA, has
P7000 Pentium II
single-board computer that features
a 233MHz CPU
| chipset, a SCSI interface, and 2-MB
| Flash BIOS. A floppy drive, key-
board, mouse, and LPT port also
| are included. Four DIMM sockets

| can hold up to 1 GB of synchronous

|
| introduced the

and

DRAM. The computer conforms to
the PICMG PCI-ISA standard.
For More Information Circle No. 722

‘ The DAQMeter™ 4350 temperature

and voltage i
| from National Instruments, Austin,
[ TX,are plug-in boards used with ther-
mocouples, RTDs, and thermistors,
Models are PCMCIA-
‘ based notebook computers and ISA
| PCs and feature five half-digit mea-

available for

| surements, a £15V input range, NI-

Ball Screws & Actuators Co., San Jose, |

| CA, offers the XCT Supermnut® and

AFT Supernut® plastic nuts for linear
positioning with zero backlash when
mated with the company's stainless
steel leadscrews. The XCT features the

Active Cam™ Mechanism that automat- |
ically adjusts for wear; the AFT is |

designed for light load OEM applica-
tions up to 10 pounds.

| For More Information Circle No. 710

—

MiTAC Industrial Corp., Fremont,
CA, has introduced the MIPC-106
industrial panel PC with a 10.4" TFT
LCD display and a NEMA 4/12 rated

| front panel. The Pentium-based sys-

tem includes a choice of CPUs up to
a Pentium 200, and an optional
Ethernet connector. It features up 1o
128 MB of DRAM, 150W power
supply, and two serial ports for
RS232/422 /485 interface.

For More Information Circle No. 718

DAQ™ driver software for Windows,

illppl)l'l |

1 VirtualBench™ Logger turnkey virtual |

instrumentation software, and an
instrument driver.

For More Information Circle No. 719

| Servometer Corp., Cedar Grove, NJ,

offers a line of metric bellows-type
| fexible shaft couplings that feature
| zero backlash and can absorb parallel

shaft misalignments up to 1.73 mm.
| They also can absorb angular mis-
| alignments to 31" and axial move-
| ments of 5.84 mm. Stock bore sizes

range from 3 to 8 mm, with custom
Outside

| range from 6.4 to 25.4 mm, with over-

all lengths from 12.7 to 43.5 mm.
For More Iinformation Circle No. 723

sizes available. diameters

The Vivid 700 digitizing camera from
Minolta Corp., Ramsey, NJ, converts
objects into three-dimensional coordi-

nate data for input into a computer.
The portable color scanner is a non-
contact system with zoom and autofo-
cus functions that are used to define
the target object and eliminate back-
grounds. An ATA-PC card enables it to
operate without a workstation.
For More information Circle No. 717
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ADHESIVE BONDS
POLYETHYLENE &
POLYPROPYLENE

MASTER BOND POLYMER SYSTEM X17

M No surface preparation needed ll Room
temperature or heat cure ll One component
system M Easy to apply - brushable
B High bond strength - shear
and peel B Excellent
moisture resistance
M Convenient
packaging

For information,
call or write:
Master Bond Inc.
154 Hobart Street
Hackensack, NJ 07601

201-343-8983

Adhesives, Sealants & Coatings

For More Information Circle No. 446

INNOVATIVE INSTRUMENTATION . . .

Madular Instrumentation

g

Hand Held Monitors

Exatic Controllers
Digital Signal Processing

e

Portable Calibrators

Vibration Alarms

= N

Portable
Signal Conditioning

... MNO 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
CCL

Vibration Protectors Precision Calibrators

(714) 956-3593 or Fax (714) 956-0162
Trig-Tek, Inc. » 423 S. Brookhurst St., Anaheim, CA 82804

For More Information Circle No. 447 109



Linear and Circular

Precision Encoders

New Literature

The SC900 Series servo drives are
described in a brochure from
Pacific Scientific Automation
Technology Group, Rockford, IL.
Also described are serial interface,
SERCOS interface, and programma-
ble single-axis position control
option cards.
For More Information Circle No. 743

SHIMPJO DRIVES

GYR O MAX

Speed/Reducers

/

e Metal, glass or film e Binary Code, Motor
e Linear or Disk Control
* Close tolerance, ¢ Applications: Automotive,
custom designs office equipment, medical
products, robotics

A six-page brochure describing minia-
ture and instrument bearing assem-
blies is available from Dynaroll Corp.,
San Fernando, CA. Assembly compo-

nent materials include stainless steel,
aluminum, brass, and bioplastics.

Call us toll-free for information or prompt quotation: :
s 5 For More Information Circle No. 745

1/800-BMC-ETCH
Buckbee-Mears St. Paul || |

|

i

\

A UNIT OF BMC INDUSTRIES, INC. ‘
| GyroMax™ speed reducers from

278 E. 7th St., St. Paul, MN 55101 | Shimpo Drives, Skokie, IL, are
612/228-6400 o FAX 612/228-6572 ‘

info@bmcind.com ® http:/ /www.bmcind.com

| described in a 28-page catalog.
Included are single- and double-

reduction models, and overhung

load models. The speed reducers
feature the patented Circulute®

For More Information Circle No. 448 ; e 3
tooth design for minimal contact

Rotating Electrical
(onnectors

Ll |
E |

| stress. ‘
1 For More Information Circle No. 741 |

NSK, Bloomingdale, IL, has released
a 12-page brochure describing
motion and control products such as
ball screws, linear guides, motor sys-
tems, and mechanical systems. Also

included are coatings, lubricants,
and other related accessories.
For More Information Circle No. 746

Cafalog and
ighapide
ngn.q\

3
\-“f/_f

Control Resources, Littleton, MA,

= Superior to conventional slip rings, Mercotac’s liquid
metal-wetted contacts provide reliability. No electrical
noise, less than 1 millichm resistance.

« Durable, compact, low cost, no maintenance. Ideal for
computers, instrumentation, thermocouples, strain
gauges, packaging, heating and control equipment.

has released a 44-page SmartFan

Catalog and Design Guide that
includes SmartFan® speed con-
trollers and alarms for AC or DC
fans and blowers. The products are
used in electronics cooling and m
HVAC applications.

For More Information Circle No. 742

Indigo Systems Corp., Santa Barbara,

110

Mercotac..

6195 Corte del Cedro 2100
Carlsbad, California 92009

760 431 7723 e Fax 760 431 0905
Internet: www.mercotac.com
e-mail: info@mercotac.com

For More Information Circle No. 449

Xantrex, Bellingham, WA, offers a
48-page catalog of programmable
DC power supplies. Rackmounts,
interfaces, analog programming,
and other accessories also are
included.

For More Information Circle No. 740

CA, offers a brochure describing
mixed-signal VLSI circuits available
in full-custom designs. Readout
devices for infrared focal-plane
arrays in standard, off-the-shelf
designs also are included.

For More Information Circle No. 744
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Ma rke tpla C@ 710 Advertise — Call (212) 490-3999
ROLYN

Orrics Company

The Technology Connection
To Advertise Call (800) 944-NASA

ARE YOU STILL TRYING
TO MEASURE VERY THIN
GAPS THE HARD WAY?

FREE!
130
Page
Catalog

"For the Full Story...

2 www.8020.net

19)248-8030 « FAX 248-8029
h 400 East « Columbia City, IN 46725

“Optics
for
Industry”

&

Optacs for imtstry
P

Capacitec HPS Series of thin (back to
back) sensors can measure gaps as
small as 0.0085" (.22mm) inboard 84"
(2133.6mm) with accuracies of 0.0003"
(7.6um), without scratching delicate
surfaces.

"How To Offer Your
Invention For Sale.”
We have helped hundreds of inventors and

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, i 1 offer ir't bl

prisms, mirrors, beamsplitters, reticles, objectives, 3. Butiniastes oll over the world, No.cost: Fres
| eyepieces, plus thousands of other stock items Information.

= CO Ocitec | Rolyn also supplies custom products and coatings in Call 1-800-537-1133. Kessler Sales Corp.
- p | prototype or production quantities. ROLYN OPTICS C-47-7, Fremont, Ohio 43420, d
P.O. Box 819, 87 Fitchburg Rd., Ayer, MA01432US.A. | CO- 706 Arrowgrand Circle, Covina, CA 91722-
Tel. (978) 772-6033 ¢ Fax (978) 772-6036 | 2199, (626)915-5707, FAX (626)915-1379

For More Information Circle No. 411

POSITION
ACCURACY

to +0.5 arc second!

Inductosyn® transducers provide
absolute or incremental

position data to £0.5 arc

second (Rotary) or

+40 microinches s

(Linear).

Resolution

1o 26 bits.

For brochure, '\
call 914/761-2600 S
or fax 914/761-0405.

il FARRAND CONTROLS

For More Information Circle No. 583

MASS FLOW APPLICATION
HANDBOOK VOL. lI

IT’S MY IDEA, AND I CAN PROVE IT! Store
and protect your ideas, inventions, innovations,
business plans, and scripts in the INTELLEC-
TUAL VAULT. Your sealed, dated and nota-
rized records ready when you need indepen-
dent, unbiased, unimpeachable proof:
“THAT'S MY IDEA AND I HAD IT FIRST.”
Free info: (888) MY-VAULT. (888) 698-2858.

i Volume Il of all new

applications hand-
‘ book from ABB K-
‘ Flow graphically

illustrates coriolis

| flow process config-
‘ urations with ABB K-

‘ Flow flowmeter sys-

CAD/CAM Job Listings

Pro/ENGINEER - www.pejn.com
Unigraphics - www.ugjn.com
SolidWorks - www.swjn.com

I-DEAS - www.ideasjn.com
CATIA - www.catjn.com

| tem appropriate for

each application. Updated applications .

involving Mass, Density, Batching,

free to job-seekers:$100 for employers

Proportioning, and others are included
ABB Instrumentation, P.O. Box 20550

.
¥ 13

DIVISION OF RUHLE COMPANIES, INC. | | Rochester, NY 146029913 Have you visited the ==
99 Wall Street, Valhalla, NY 10595 Phone (800)82K-FLOW NEW NAS:: Ti'lt!C;l Briefs
web site .

* Renew or start .
your subscription

* Order Technical

For More lr}formation Circle No. 581

AS Applied Science Laboratories
175 Middlesex Tpk, Bedford, MA 01730

For More Information Circle No. 584

TECHNICAL FIBRE PRODUCTS

tel: 6172754000 ASLBA-S-L.com MATERIAL ADVANTAGE Emport Pac
: Z * Share Ideas in
. TFP is an Advanced Reader Forum
Eye aCklng Foer Nonworen B oot
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