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Take Measurem
With Absolute
Accuracy

When it comes to your measurements, don't
guess...know. Look for detailed absolute accuracy

specifications before you buy.

Choose National Instruments products to get up to
0.0127%' absolute accuracy backed by:
v NIST-traceable calibration certificates
v/ Hands-free user calibration with
autocalibration software
v Global calibration services through:
« National Instruments
« ANSI/NCSL Z540-1 and ISO Guide 25
Certified Metrology Labs

Calibration removes measurement uncertainties introduced
by temperature drift and time, and is required to deliver
the specified accuracy.

National Instruments data acquisition meets your

needs for accuracy and calibration so you can
Take Measurements, Not Estimates

INSTRUMENTS'
(800) 327.9894

Tel: (512) 794-0100 ¢ Fax: (512) 683-9300 ¢ info@ni.com

y NATIONAL

© Copyright 2000 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies.
+ Accuracy vs for NI 4351 voltage logger.
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Where do | fin.d foi :
Data Acquisition Products Online?

DRN Series
$295

Programmable Signal @® No.531

Conditioners/Transmitters

...o0f course

PC-TC6
%695

€iwe> No. 532

PCMCIA Cards
for Temperature ==
Measurement

For Product Literature
Visit our Website or
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Order Online! Over 100,000 Process Control Products Online!
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OM-MT20
389

Temperature
Input Module
for Palm
Computers

PCI-5500
199

Basic Unit 4 i

ice> No.583

Low Cost, HigF
Speed PCI Data %
Acquisition Board

INET Series
1480

Basic Unit
with Software

i) No. 584
High Precision Data

Acquisition Systems

Easy to Order
Fast Delivery!
1-888-76-6ME8K

e-mail:das@omega.com
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Microway Delivers Custom Linux/UNIX
Workstations and Beowulf Clusters for
High Performance Technical Computing!

Which Solution is Right for You?

e 750 MHz Dual Alpha UP2000 or 21264DP
e 500 MHz — 1 GHz Pentium III or Quad Xeon
e 500 MHz — 1 GHz Dual or Single Athlon

e Beowulf Cluster
Distributed Memory Parallel Processing

e Mpyrinet Gigabit Ethernet or Dolphin WulfKit
High Speed, Low Latency Backplanes

Microway Screame
Dual Alpha UP200C
750 MHz, 8MB Cache in RuggedRad
Chassis with Redundant Power Suppl

Satisfied customers have purchased Microway workstations since 1986. Our cost effective
Linux solutions have been chosen by universities, government research labs and ISPs world-
wide since 1996. Over the years Microway brand systems have become famous for their
quality and price/performance. Simultaneously, our Technical Support staff earned a reputa-
tion as one of the best in the industry. This means you can count on our experience to
configure a UNIX or Linux workstation or a Linda or Linux Beowulf cluster solution that is ide-
ally suited to your specific problem. This is why Microway was chosen by Los Alamos
National Laboratory to maintain the hardware on their 144-node Alpha &
Avalon cluster. It is also why the University of Wisconsin chose Microway W
to build their 100-node dual Pentium Il cluster. In addition to being an -

Intel Product Developer and AMD Athlon OEM, Microway was named Alpha Processor, Inc.’s
Top North American Channel Partner for 1999.

“To find a successful supplier of Linux solutions there are three things that you should know:
One, the supplier must be proficient in Linux, a master of understanding Linux’s superior-
ities; Two, the supplier must have a clear passion for hardware technology; Three, if you
found a supplier that knows both Linux and understands hardware solutions, congratula-
tions you have found Microway! When it comes to Linux and high performance, there's
only one way, and that’s Microway!”

— Bruce Faust, founder of DigitalScape and Carrera Computers

Microway 18 Node

Beo:?nlrz::::‘lvl?t;lwx:i::r:‘n:lMPl of the art RAID systems. If you need a quality product that is built to last, from a company that

Scalable o 1024 Nodes will be around to support you for years to come, Microway is The Number One Choice.

Microway custom configures Linux, NT and UNIX workstations, clusters and servers plus state

Find out why over 75% of Microway’s sales come from
repeat customers. Please call 508-746-7341 for a technical
salesperson who speaks your language!

Visit us at microway.com

®

Research Park Box 79, Kingston, MA 02364
For More Information Circle No. 552 508-746-7341 © i“fO@mkmw“Y'mm
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)
" Vespel

\ Forward Engineering™

N

g

THINK HE'S WITH IT. BUT TO THE GUYS IN R&D, CHUCK'S ALL THAT.

In your world, you're only as progressive as your latest design. That's why Vespel®was developed with the flexibility to help you
not only meet customer requirements but break new ground as well. After all, making things lighter, stronger, faster, and
subsequently more efficient, is what Vespel® Forward Engineering is all about. So, if you're looking to move your industry forward, think Vespel®
first. Chances are, you'll find the design process to be nothing short of, as the kids so affectionately put it, “the bomb! To find out what our

extensive new line of materials can do for you, go to www.dupont.com/vespel or call 1-800-372-7252. If you can dream it, we can make it.

The miracles < f science”
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I2 Reasons Why Algor
Should Be Your FEA Partner

atic Stress - Algor's linear sta-
tic stress product enables you to capture
complex assemblies, such as this valve
assembly, from a CAD solid modeler and
run a finite element arpah‘sns using fast
solver technologr. Typical loadings are
ressure, acceleration, temperature,
orce and prescribed displacements.

Transient Heat Transfer - The dynamic
effects of a transient heat transfer analy-
sis were needed for the time-dependent
temperature loading of this heat sink
assembly. Algor’s multiple load curves
for various loading conditions allow for
the simulation of the thermal event.

anical Even

with Linear Material Models - Algor's
MES with linear material models allows
you to represent a dynamic analysis
while solving for kinematics, deflections
and stresses of the structure. Analyses
using large CAD assemblies, such as
this rocker arm assembly model, can be
expedited by using kinematic elements.

Algor has been developing FEA software since 1978.

Steady Fluid Flow - Prescribed velocities
and pressures provide the loading for this
3-D steady fluid flow analysis of a pipe
with a gate valve. Algor's multiple load
curves allow for easy data entry for
adding loading such as gravity.

Nonlinear Static Stress - Algor’s nonlin-
ear product helps to accurately predict
large deformation and large strains
caused by static loading. As seen by this
water tank, buckling of a structure is one
type of failure that can be exposed.

p PNysICS pi

u le you to combine multiple
analysis types into one event. Resultant
forces from flow around this turbine were
calculated and then projected onto the
object for a structural analysis. Other mul-
tiphysics capabilities include combining
heat transfer with fluid flow, heat transfer
with static/transient stress and heat trans-
fer with fluid flow and stress.

Unsteady Fluid Flow - Unsteady fluid
flow of this ball valve system was ana-
lyzed using a 3-D CAD solid model.
Algor's unique processor solves for veloc-
ities and pressures throughout the
dynamic event, using a specialized mesh-
ing algorithm for high velocity gradients.

Linear Dynamic Stress- A modal analy-
sis is one of the linear dynamic stress
analyses performed on this suspension
bridge. Failure can occur when the load-
ing frequency is at the structure’s reso-
nant frequency. Algor’s linear dynamic
analyses accurately predict these fre-
quencies and dynamic effects

steady-state thermal processor hel
dict temperature distribution due to ther-
mal loading. Loading such as convection,
radiation, conduction, applied tempera-

tures and surface heat fluxes can be | A

added to an analysis for fast, accurate
results. In the case of this engine casing,
both conduction and convection were part
of the analysis of this 3-D solid model.

In 1984 Algor was the first company
to offer FEA on PCs, which have evolved into the NT workstations of today.
Algor offers the premier FEA software on PC workstations by combining ease-of-use and affordability.

Prices start at just $975 for INCAD DesignPak.

doors, masts, propulsion shafts, rudders,
exhaust uptakes and portholes, as
shown above.

ngs
can include: dead weight, thermal differ-
ences, pressure, wind , earthquake
loads, time history of forces/displace-
spectruT natural fre-

www.FEAINCAD.com - Getting started with INCAD DesignPak for FEA within CAD.

www.Algor.com - Full-featured FEA with Algor and InCADP/US,

www.PipePak.com - PipePak Piping Design and Analysis.

& ) Autodesk.

SOLUTION PARTNER

Registered Developer

CADKEY

SOLUTION PARTVER

*All trademarks may be trademarks or registered trademarks of their respective owners

)¢ ) Voyager

Member

PARAMETRIC
TECHNOLOGY
CORPORATION

Pro/PARTNERS

*ALGOR

Algor, Inc.
150 Beta Drive, Pittsburgh, PA 15238-2932 USA
Phone: +1 (412) 967-2700

Fax: +1 (412) 967-2781

California: +1 (714) 564-0844
Europe (UK): +44 (1784) 442 246

E-mail: info@algor.com

For More Information Circle No. 599 or Visit www.nasatech.com/599
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PRODUCT OF THE MONTH

The IESP and IESF Series of miniature
pressure sensors from CUI Stack,
Beaverton, OR, feature conductive
rubber that senses pressure
changes.

ON THE COVER

The S7505 three-color sensor from
Hamamatsu Corp. of Bridgewater, NJ,
provides distinct color separation for

all three colors: red, green, and blue.

The surface-mountable sensor is used

as a color-recognition and analysis device
in measurement instruments. For more
information on the $7505, see the New
on the Market section on page 75.

(Image courtesy of Hamamatsu Corp.)

Permissions: Authorization to photocopy items for internal or personal use, or the internal or
personal use of specific clients, is granted by Associated Business Publications, provided that
the flat fee of $3.00 per copy be paid directly to the Copyright Clearance Center (222 Rose
Wood Dr., Danvers, MA 01928). For those organizations that have been granted a photocopy
license by CCC, a separate system of payment has been arranged. The fee code for users of the
Transactional Reporting Service is: ISSN 0145-319X194 $3.00+ .00
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often use them to beat
the laws of flight

iInto submission.

Getting your designs off the ground means working with the laws of motion and gravity. Not an
easy task. Luckily, Carpenter can help. You'll find more than 400 grades of specialty alloys, titanum,
impact-resistant ceramics and other advanced materials. Parts-forming technologies that meet your
most demanding specs. And a battery of technical experts to conquer any design challenge. More
than materials, Carpenter has unmatched manufacturing expertise, extensive distribution, and R&D
that never stops. All of which allow you to turn the laws of flight to your advantage. For details, call
1-800-654-6543. Or visit www.cartech.com/aero

CARPENTER

Engineered Materials for a Changing World

2000 Carpenter Te y Corporation. All rights reserved DYNAMET « ENGINEERED S « SPECIALTY ALLOYS
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COMPUTER
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SIGNALS

ON A SINGLE
SCREEN

SUPERVIEW™. . .
FOR MAXIMUM FLEXIBILITY

Up to 10 computer and/or

vi%oc inputs

Independent scale, position & zoom
for each input

Overall system resolution up to
1600 x 1200

Inputs up to 1280 x 1024
Computer on video overlays

Control software
for Windows 95/98/NT

=

QUADVIEW™. . .
THE LOWER COST ALTERNATIVE

4 computer and video inputs
Full screen and quad mode
Graphics inputs to 1280 x 1024
Output to 1280 x 1024
Optional DVI digital output

Visit our web site www.rgb.com

RGB SPECTRUM®

a visual i

950 Marina Village Parkway
Alameda, California 94501

Tel: (510) 814-7000
Fax: (510) 814-7026 é-‘
E-mail:sales@rgb.com ‘EE
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www.storcase.com

PACK’EM, RACK’EM
AND POWER ’EM UP

: lmoSn‘rmN"‘ thenewmtelhgem‘
Case™, is ready to be implemented
into a RAI@ "@QD configuration. From integration to
1mplzmema, n, count on the platform-independent
InfoStation to perform flawlessly Some of InfoStation’s
features include: '

* Configurable backplane; supports up to (4) host interfaces
* (1), (2) and (4) channel configurations

* 1/O repeater module for multiple hosts and cascading

* (9) removable, Wide Ultra2 SCA drive carriers

* Self-monitoring with alarm

* User Interface (UI) module for monitoring,
reporting & set-up

* Software utility for UI functions via PC (InfoMon™)

* Redundant, hot swappable, self-monitoring blower
and power supply modules

* On-board SCSI RAID controller option

* SAN-support and Fibre to SCSI RAID CMD
(with CMD5 Titan™) pririt=

* Upgrade slots for future SES, NAS and SAF-TE modules
* 100% tested, 7-year warranty and FREE support

StorCase is so confident that youll be happy with
InfoStation that they are offering a 60 day trial period.
Purchase InfoStation, and if you're not completely satisfied
with its performance, just return it, no questions asked!
To find out more about this trial offer, or this pack, rack
and play enclosure, call a StorCase representative today at

(800) 337-8421.
Iz StorCase

T EC R N O LIGO Y

A Kingston Technology Company
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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
Information,
Communications,
and Intelligent
Systems;

Human Factors.
Carolina Blake
(650) 604-1754
cblake@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.

Jenny Baer-
Riedhart

(661) 276-3689
Jjenny.baer-
riedhart@dfrc.
nasa.gov

Goddard Space
Flight Center
Selected techno-
logical strengths:
Earth and
Planetary Science
Missions; LIDAR;
Cryogenic
Systems;
Tracking;
Telemetry;
Remote Sensing;
Command.
George Alcorn
(307) 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
merie.mckenzie@
Jjpl.nasa.gov

Johnson Space
Center

Selected techno-
logical strengths:
Artificial Intelli-
gence and
Human Computer
Interface;

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

(281) 483-0474
henry.l.davis1@jsc.
nasa.gov

Kennedy Space
Center

Selected techno-
logical strengths:
Fluids and Fluid
Systems; Mate-
rials Evaluation;
Process Engi-
neering; Com-
mand, Control
and Monitor
Systems; Range
Systems; Environ-
mental Engi-
neering and
Management.
Jim Aliberti

(321) 867-6224
Jim.Aliberti-1@
ksc.nasa.gov

Langley Research Marshall Space
Center Flight Center
Selected techno- Selected techno-
logical strengths: logical strengths:
Aerodynamics; Materials;
Flight Systems; Manufacturing;
Materials; Nondestructive
Structures; Evaluation;
Sensors; Biotechnology;
Measurements; Space Propulsion;
Information Controls and
Sciences. Dynamics;
Sam Morello Structures;
(757) 864-6005 Microgravity
s.a.morello@ Processing.
larc.nasa.gov Sally Little
(256) 544-4266
John H. Glenn sally.little@msfc.
Research Center nasa.gov
at Lewis Field
Selected techno-  Stennis Space
logical strengths: ~ Center
Aeropropulsion; Selected techno-
Communications; logical strengths:
Energy Propulsion
Technology; Systems;
High Temperature ~ Test/Monitoring;
Materials Remote Sensing;
Research. Nonintrusive
Larry Viterna Instrumentation.
(216) 433-3484 Kirk Sharp
cto@grc. (228) 688-1929
nasa.gov kirk.sharp@
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.

Joseph Allen
National Technology
Transfer Center
(800) 678-6882

Ken Dozier
Far-West Technology
Transfer Center

University of Southern

California
(213) 743-2353

Dr. William Gasko
Center for Technology
Commercialization
Massachusetts
Technology Park
(508) 870-0042

J. Ronald Thornton
Southern Technology
Applications Center
University of Florida
(852) 294-7822

Gary Sera

Mid-Continent Technology
Transfer Center

Texas A&M University
(409) 845-8762

Lani S. Hummel
Mid-Atiantic Technology
Applications Center
University of Pittsburgh
(412) 383-2500

Chris Coburn

Great Lakes Industrial
Technology Transfer
Center

Battelle Memorial
Institute

(440) 734-0094

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

NASA’s R&D efforts produce a robust supply of promising technologies with applications in many
industries. A key mechanism in identifying commercial applications for this technology is NASA’s
national network of commercial technology organizations. The network includes ten NASA field cen-
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium
(FLC) for Technology Transfer. Call (609) 667-7737 for the FLC coordinator in your area.

NASA Program Offices

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

Carl Ray

Small Business Innovation
Research Program (SBIR)
& Small Business
Technology Transfer
Program (STTR)

(202) 358-4652
cray@mail.hq.nasa.gov

Dr. Robert Norwood
Office of Commercial
Technology (Code RW)
(202) 358-2320
rmorwood@mail.hq.
nasa.gov

John Mankins
Office of Space Flight
(Code MP)

(202) 358-4659
Jjmankins@mail.
hg.nasa.gov

Terry Hertz

Office of Aero-Space
Technology (Code RS)
(202) 358-4636
thertz@mail.hq.nasa.gov

Glen Mucklow

Office of Space Sciences
(Code SM)

(202) 358-2235
gmucklow@mail.
hqg.nasa.gov

Roger Crouch

Office of Microgravity
Science Applications
(Code U)

(202) 358-0689
rcrouch@hgq.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 organizations
whose objectives are to establish joint spon-
sored research agreements and incubate
small start-up companies with significant

business promise.

Wayne P. Zeman
Lewis Incubator for
Technology
Cleveland,

'y

(216) 586-3888

B. Greg Hinkebein
Mississippi Enterprise for
Technology

Stennis Space

Center, MS

(800) 746-4699

Julie Holland

NASA Commercialization
Center

Pomona, CA

(909) 869-4477

Bridgette Smalley
UH-NASA Technology
Commercialization
Incubator

Houston, TX

(713) 743-9155

John Fini

Goddard Space Flight
Center Incubator
Baltimore, MD

(410) 327-9150 x1034

Thomas G. Rainey
NASA KSC Business
Incubation Center
Titusville, FL

(407) 383-5200

Joanne W. Randolph
BizTech

Huntsville, AL

(256) 704-6000

Joe Boeddeker

Ames Technology
Commercialization Center
San Jose, CA

(408) 557-6700

Marty Kaszubowski
Hampton Roads
Technology Incubator
(Langley Research Center)
Hampton, VA

(757) 865-2140

If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis
Center, (505) 277-3622.
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High Performance™
Do the math.

API offers a range of scalable high-performance
Alpha solutions for compute-intensive or 1/O
bound applications. High-performance API
platforms and Alpha technology simultaneously
deliver top scores in both dimensions. Contact
API to discuss your high-performance needs.
We work with the most knowledgeable

(- names in the HPC game.

Start your research at
www.alpha-processor.com
Then give us a call at

978-318-1117

Ap»
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Reader Forum

Reader Forum is dedicated to the thoughts, concerns, questions, and comments of our readers. If you have a comment, a question
regarding a technical problem, or an answer to a previously published question, post your letter to Reader Forum on-line
at www.nasatech.com, or send to: Editor, NASA Tech Briefs, 317 Madison Ave., New York, NY 10017; Fax: 212-986-7864.

Please include your name, company (if applicable), address, and e-mail address or phone number.

n response to your July Reader Forum’s

Technologies Wanted, I'd like to com-
ment on improved tires for wheelchairs.
Polyurethane is available in many differ-
ent grades of hardness, and has excellent
traction and wearability. The request was
for electrically non-conductive tire materi-
als to eliminate static build-up. In fact, I
think it should be electrically conductive
tires to allow static charge to dissipate.

Also, in your April issue, you featured a
tech brief on page 63, “Ultracapacitors
Store Energy in a Hybrid Electric Vehicle,”
from Glenn Research Center. It discusses
the advantages of electrochemical batter-
ies over conventional storage batteries for
a hybrid electric transit bus. I wonder if
the same technology could be suitable for
wheelchair battery chargers. If this battery
is as good as it sounds, it could be a real
breakthrough.

Norton T. Pierce
Consulting Engineer
978-369-2984

This may be an odd request, but our
company is looking for a portable de-
vice that would register the amount of
liquid inside a beer keg. We are in the
business of liquor auditing, and the
current method of measuring the usage
of beer is by weighing tapped kegs. It is
a backbreaking job. Any suggestions
would be welcomed.

A.A. Palacios Collins
BevincoGoldCoast@aol.com

(Editor’s Note: It’s certainly not an odd
request, and in fact, Andrea Wright of the
Air Force Research Laboratory (AFRL) at
Wright-Patterson Air Force Base, OH, has a
suggestion for you. According to Andrea,
companies such as Lucent and IBM have
been researching terahertz radiation, or

T-rays, which permit the nondestructive
evaluation of myriad opaque samples. Ap-
plications include detecting tooth decay,
reading text inside envelopes, counting al-
monds in packaged candy bars, and iden-
tifying raisins in cereal boxes. T-ray tech-
nology also can be used for seeing through
clothing to detect hidden weapons, inspect-
ing luggage, and detecting subsurface rust.
The AFRL has recognized the potential com-
bustion and fuel applications of Trays,
which permit the quantification of trace
water in jet fuel, since fuel transmits Trays
while water absorbs them. An Air Force-in-
dustry partnership with Picometrix of Ann
Arbor, MI, resulted in the development of a
commercial terahertz radiation system. For
more information on the technology, contact
Dr. J.R. Gord, AFRL’s Propulsion Direc-
torate’s Combustion & High Speed Systems
Branch, at 937-255-7431.)

/,J-',ederaI,S MLSerwce

.ﬁ‘

l" resource

for

‘e,ss onal Engmeeﬁ

p:// p’u‘b.fss.gsa.gov/ services/engineering
(703)305-6658
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ap Into

Celerity's Hig!ler
.

i

For More Intelligent 3G Wireless Amplifier and Digital Radio Testing

The CS2010 Wireless Test Set delivers an entirely new
level of power, speed and flexibility for power amplifier
and digital radio design. Essentially three products in
one, the modular CS2010W is an off-the-shelf "virtual"
test instrument that offers multi-carrier signal capability
at three levels of functionality:

CS2010 Vector Signal Generator RF, IF, baseband,
digital output. Performance exceeds any instrument on
today’s market - 50 times more memory (4,000MB), 5
times better resolution via 14 bit D/A’s, and 9 dB
improvement in dynamic range.

CS2010 Vector Signal Analyzer RF, IF, baseband and
digital input. Delivers the deepest acquisition memory
available - 4,000MB of seamless 14 bit capture.

CS2010 Vector Signal Generator/Analyzer All the
capability of the CS2010 VSA and the CS2010 VSG in
one package. By simply adding hardware and software

modules, the VSA or VSG can be upgraded to provide
multi-path fading, smart antenna testing, bit error rate
testing and protocol testing.

Utilizing a unique architecture, the CS2010W offers a
completely open test environment with selection of
functions (spectrum analysis, oscilloscope, digital pattern
generation/analysis), along with a series of digital and RF
multi-carrier waveform generation capabilities.

The CS2010W allows you to replace an assembly of
stand-alone test instruments with one box that does
everything, faster and better. At a price that makes you
market-competitive today and grows with your needs in
the future.

Whatever level you're involved at, your test capabilities
should be match your technology. Let us show you how
we can help. Check out the details at www.csidag.com
or call 888-274-5604 for more information.

CELERITY TEST INSTRUMENTS TAKE YOU THERE.

Celerity Systems

an |B communications company

10411 Bubb Road, Cupertino, CA 95014 + Phone (888) 274-5604 « www.csidaq.com
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Fast.
Reliable.
Safe.
Everything
automated
riveting
should bhe.

Introducing POPmatic
Point & Set™ the first
reliable auto-feed rivet
system.

POPmatic Point & Set, our new
auto-feed rivet system, delivers
what no riveting tool has before.
Consistent riveting at a rate
faster than any current hand
tool. Designed with a safe, self
loading hopper that holds up

to 2500 rivets, Point & Set
accelerates the riveting process
to previously impossible speeds,
meeting the requirements of
any production line. It's reliability
in an otherwise unreliable world.
For more information, call us at
203-925-4424 or visit us on the
web at www.emhart.com

Emhart
POPMATIC

A @ BLACKSDECKER COMPANY

CERTIFIED
1S0 9001 « QS 9000
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Who's Who at NASA

Dr. Robert L. Norwood,

Director for Commercial Technology,
Office of Aerospace Technology

r. Robert L.

Norwood is
responsible for
the overall strat-
egy and manage-
ment of NASA's
Commercial Tech-
nology program
and the strate-
gic leadership of
the NASA Small Business Innovation
Research/Small Business Technology
Transfer (SBIR/STTR) programs.

NASA Tech Briefs: What are the goals
of NASA’s Commercial Technology
program?

Robert Norwood: Our goals are to
fully utilize NASA’s technological re-
sources to strengthen the US economy
and improve the quality of life through
the creation of commercial technology
partnerships with US industry.

NTB: How is the program important
to NASA’s future?

Norwood: One of NASA’s missions is
to research, develop, and transfer ad-
vanced aeronautics, space, and related
technologies to US industry. Technol-
ogy commercialization will continue to
serve as an avenue for applying the
benefits of NASA technology to the
public good.

NTB: How much of NASA’s research
and development is performed under
contract with private industry?

Norwood: NASA contracts out about
80 percent of its R&D to the private
sector.

NTB: If a company is interested in
forming a partnership with NASA, what
is the best way to proceed?

Norwood: Any firm interested in
forming a partnership with NASA
should, as much as is practical, define
partnership objectives, delineate the

www.nasatech.com

resources to be provided by each party
to achieve a successful partnership,
identify key and committed personnel,
and provide a realistic schedule for
achieving a successful outcome. With
this information, timely and effective
partnerships can be accomplished.

NTB: What is the relationship be-
tween NASA’s Commercial Technology
program and the Agency’s SBIR/STTR
programs?

Norwood: NASA’s SBIR/STTR pro-
grams are managed within the Commer-
cial Technology program. The primary
focus of SBIR/STTR is to develop inno-
vative technologies for enhancing NASA
missions, with a strong secondary pur-
pose to assist small businesses in com-
mercializing that technology.

NTB: What have been some of the
most important developments to
emerge from the Commercial Technol-

ogy program?

Norwood: There have been many
commercial successes over the years —
well over a thousand of them have been
documented in Spinoff magazine alone. 1
would say that some of the most impor-
tant NASA contributions have been in
the medical field, where we continue to
make significant contributions. Many of
them are described on our web site at
www.nctn.hq.nasa.gov.

NTB: What have you found most re-
warding in your work with the program?

Norwood: The most rewarding part
of my work is to learn of a new product
or service that is successful in part be-
cause of the use of NASA technology,
or the knowledge that someone’s life
has been made better or easier through
the use of NASA technology.

A full transcript of this interview appears
online at www.nasatech.com. Dr. Norwood
can be reached at rmorwood@mail. hq.
nasa.gov.
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If you can think it, we can do it.

Embhart is a world leader in the design and supply of innovative fastening and assembly
technology. From concept through installation, whether you're manufacturing around

the corner or around the globe, Emhart provides cost-effective solutions for assembly
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UpFront
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UI Stack, Beaverton, OR, has introduced the Resin Molded Cover
(IESP Series) and the Flexible Board (IESF Series) miniature pres-
sure sensors that use a proprietary material called Inastomer. The
material provides both elasticity and conductivity, allowing the sen-
sors to continuously react to the degree of pressure applied. The IESP model
features fixed pin mounting terminals, and allows up to 5mA current to be
applied. It can be used for contact pressure applications such as water vol-
ume, and for pressure, load, and contact of mechanical equipment. The IESF
sensor is fastened with a pressure-sensitive tape and can mount to curved sur-
faces. Applications include clearance sensitivity, object contact, roll pressure,

or fingertip contact pressure.

THE

MONTH

For More Information Circle No. 748

NASA Immersed in New
Environment

ASA’s Intelligent Synﬂmis E!mronment (ISE) lmt:atwe

to enable g

www.nasatech.com

What's New Online

E ver wonder what happens to those
innovative NASA technologies
described in the ' pages of NASA Tech
Briefs? Now you can find out. When you
visit the NTB web site at www.nasatech.
com, you can access the online version of
Spinoff, an annual NASA publication that
describes how NASA-generated technolo-
gies have been successfully transferred to
commercial products.

Simply click on Spinoff Magazine under
the “Connect” heading on the home
page, and you'll have access to HTML
or downloadable
PDF versions of
dozens of articles
highlighting how
industry has
taken NASA in-
novations and
“spun-off” high-
tech products.

Sninoff 1995

L™
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NEW

PRODUCTS
FOR MATLAB

Have more time
toworkonthe =

C/C++ Graphics Library

really hard stuff. -

@ Optimization Toolbox

Now you can have more time to think, more time to explore, more time to solve

J\\ real problems. With MATLAB, you can analyze data and develop
=\ N\

& R\
s BN

\ \interactively. MATLAB integrates numeric computation,
T
N\

i \

> advanced graphics and visualization, and a high-level
T
programming language in a single environment.
MATLAB includes powerful visualization Companion products provide application-specific
features for creating images like this isosurface
of wind speeds over North America. tools that save you even more time.

Start now. Get product details, complete specifications, and application examples.

Learn how MATLAB can help you work smarter. For product

®
information, or to buy online, visit www.mathworks.com/ntbm. MAT LAB

MATLAB tools include

interactive signal | VW
A

e
analysis and filter D
@it b g
design, 2-D and 3-D = =i

plotting, and volume

visualization.

The

MATH

Visit www.mathworks.com/ntbm
Or Call 508-647-7000

We have a worldwide network of international representatives.

Visit our Web site at www.mathworks.com/eur for more information.
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= 2 Billion Samples per
Second Digitization on
one Channel

'  Simultaneous 1 GS/s
Sampling on 2 Channels

= Up to 8 Meg On-Board
Acquisition Memory

™ Wide Analog Bandwidth
= PCl Bus Card

= SDKs for C/C++,
MATLAB, LabVIEW
under Win 95/98/NT/2K

GageScope Software

World’s Most
Powerful
Oscilloscope
- Software

CALL 1-800-567-@69%

GaGa

A Tektronix Technology Company

Tel: 800-567-GAGE Fax: 800-780-8411
e-mail: prodinfo@gage-applied.com

Outside U.S. call 514-633-7447 or Fax 514-633-0770 ;

ww.gage-applied.com/ad/nasa900.htm
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S/Patitants

Qver 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:

Porous Article with Surface
Functionality and Method
for Preparing Same

(U.S. Patent No. 6,022,902)

Inventor: Steven L. Koontz, Johnson
Space Center

Solid phase supports are currently
used commercially for separation or
solid phase synthesis. In general, the effi-
ciency of solid phase synthesis and sepa-
ration processes depends on the surface
area of the solid phase material. Porous
materials offer the advantage of higher
surface area per unit volume than the
corresponding full-density solids, permit-
ting vastly improved synthesis and sepa-
ration performance per unit volume of
solid material. The method of the inven-
tors provides, through remote plasma
discharge, a mild way of introducing
functionality to a porous article, one that
has an exterior surface, a bulk matrix,
and pores extending from the exterior
surface into the bulk matrix. The pores
define an interstitial surface. The bulk
matrix is formed, at least in part, of the
same organic polymer comprising car-
bon and hydrogen atoms. The exterior
and interstitial surfaces are formed, at
least in part, of the same organic poly-
mer comprising carbon and hydrogen
atoms, which has been modified so that
some of the hydrogen atoms are
replaced with functional groups includ-
ing amino, hydroxyl. carbonyl, and car-
boxylic acid. The surface-functionalized
article may be used, for example, as a
solid support in organic synthesis or in
the chromatographic purification of
organic or biochemicals.

Method and Apparatus

for Improved Spatial

Light Modulation

(U.S. Patent No. 6,055,086)

Inventors: Colin Soutar and Richard
D. Juday, Johnson Space Center

Spatial light modulators (SLMs) oper-
ate by modulating a beam in two dimen-
sions by changing the intensity and/or
phase of the light wave in a controllable

manner. Many optical processing systems
utilize liquid crystal video displays as an
inexpensive and readily available alterna-
tive to SLMs. In the present invention, at
least one electrically controlled polarizer
unit and an analyzer unit are combined
with a pixelated birefringent medium
such as a liquid crystal video display. Both
the polarizer and the analyzer have a
number of available polarization states
that can be accessed by an electrical sig-
nal. The combination of the polarizer and
analyzer units makes it simple and fast to
reconfigure the modulation, described by
the Jones matrix of the spatial light mod-
ulator. A controller performs calculations
and supplies control signals to the polar-
izer unit, the analyzer unit, and the spatial
light modulator in order to obtain the
optical processing objective.

Secondary Wing System
for Use on an Aircraft
(U.S. Patent No. 5,992,796)

Inventor: Brian E. Smith, Ames
Research Center

The patent describes a secondary wing
system having a single pivoting canard
that can be deployed to augment the lift,
stability, and control of an aircraft during
various flight regimes, and that can be
conformally retracted into the fuselage
in order to minimize drag at high speeds.
The canard has an aerodynamically effi-
cient planform shape that reduces the
engine power required for low-speed
operation, thus resulting in lower noise
levels during takeoff, climbout,
approach, and landing. The retractable
canard has leading- and trailing-edge
control surfaces to enhance the aerody-
namic performance of the plane. The
system provides a novel assembly of
retractable fairings that streamline the
leading and trailing edges of the canard
when it is stowed, thus optimizing aero-
dynamic efficiency for high-speed flight.
The canard can be deployed and retract-
ed during flight. The deployment mech-
anism includes a circular mounting ring
and drive mechanism that connects the
canard with the fuselage and permits it
to rotate and to change incidence.

For more information on the inventions described here, contact the appropriate NASA Field
Center’s Commercial Technology Office. See page 12 for a list of office contacts.

www.nasatech.com
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B ptical Bench to Aid NASA

Satellite Instrument

Structure and optical bench
Composite Optics

San Diego, CA
858-621-5700-
www.coi-world.com

NASA's Jet Propulsion Laboratory (JPL) in Pasadena, CA, is
building the Tropospheric Emission Spectrometer (TES),
which is scheduled to launch in June 2003 aboard NASA’s
Aura Spacecraft. The spacecraft is part of NASA’s Earth
Science Enterprise, a series of satellite missions that will exam-
ine the earth’s environment and how it is changing.
Composite Optics designed, fabricated, tested, and delivered a
structure and optical bench for the TES.

TES is an infrared satellite instrument designed to measure
the state of the earth’s troposphere — the layer of the earth’s
environment that extends from the earth’s surface to about
ten miles in altitude. TES will obtain data on tropospheric
ozone and other gas molecules that lead to ozone formation.
From the TES data, NASA scientists expect to learn about the
interaction of ozone with other chemicals.

The composite technologies used for TES are the latest
examples of new generation lightweight and stable space

instrument platforms. These platform requirements are espe-
cially demanding due to the precise thermal control and
dimensional stability necessary for proper operation of the
sensitive optical instruments aboard. Thomas Glavich, project
manager at JPL, explained that TES “is one of JPL’s most com-
plex instrument structures ever attempted, and the testing of
it went perfectly. The testing of the structure was a critical pro-
gram milestone and it exceeded our expectations.”
For more information Circle No. 740

I sFD Models Improve Space

Station Module

TGrid and GeoMesh software
Fluent

Lebanon, NH

603-643-2600

www.fluent.com

Lockheed Martin engineers have developed a computa-
tional fluid dynamics (CFD) model to simulate climate con-
trol in the International Space Station (ISS). The model also
includes human metabolic inputs as boundary conditions
for a CFD model. It was created to evaluate and improve air-
flow and water vapor concentration in NASA’s TransHab
Module, the habitation module for the ISS. The inflatable
module will provide a home for up to six astronauts.

Concerns were raised about climate control within the
module, especially condensation build-up. CFD software was
used to model fluid flows within the module. IGES files were
exported from Pro/ENGINEER CAD software (from
Parametric Technology Corp. of Waltham, MA) into Fluent’s
GeoMesh CFD preprocessor program. TGrid was used to
extrude the geometry into a volumetric mesh.

Based on the results gained from the CFD models, engi-
neers added ten portable fans within the module, and dif-
fusers were added to all vents to re-direct airflow. Human
metabolic models, used as mass flow rate boundaries,
exhaled carbon dioxide and water vapor. With the new mod-
els, NASA was able to improve environmental conditions

no
no

www.nasatech.com

The fully inflated module in JSC’s vacuum chamber.

within TransHab, improving airflow and (‘Iiminaling con-
densation. The CFD software also has been used to analyze
the X-38 ISS escape module, designed at NASA’s Johnson
Space Center in Houston.

For More Information Circle No. 741
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The DEWE-3010 and DEWE-2010 completely
redefine what a data acquisition system should be.
Not just portable and rugged, but also open-
architecture, so you can upgrade the hardware and
software long into the future. With modular signal
conditioners you can mix and match to create your
own system with dozens of fast channels and up to
2048 slow/temperature channels!

EWERACK-16 and any PC

M DEWE-3010 Ultra-portable
@ complete system

BWIIL-STD-810c Shock/Vibration
W CE Mark, 1ISO-9000, ISO-14000

' M Portable PC Versions Available!
Available in both data recording and industrial

versions, Dewetron PC-based instruments really rock.
Plastic boxes just can’t compare. New built-in software
makes setup and recording easier than ever. With plug-
in modules for direct connection of every sensor — strain
gages, accelerometers, microvolts/volts/kilovolts, RTD’s
and thermocouples (9 types), LVDT's, string pots,
RPM and TACH signals from engines and turbines,
and even more. Plus 1000Vrms isolation,
exceptionally low noise, and multiple rangeffilter
selections on each plug-in module!

Please call toll-free at +1 (877) 431-5166
visit our website, or send email to:
werock@dewamerica.com

Dewetron, Inc.
Toll-free +1 (877) 431-5166
Tel: +1 (401) 364-9464

Fax: +1 (401)364-8565
Website: www.dewetron.com

All trademarks acknowledged as the properties of their owners
+ GERMANY « NETHERLANDS -+ SLOVENIA -« THE CZECH REPUBLIC « THE UK.
For More Information Circle No. 534



@ Commercialization Opportunities

Tunable Terahertz Source
Based on Near-Infrared
Diode Lasers

This apparatus could serve as a proto-
type of tunable far-infrared sources and
heterodyne up- and down-converters for
fiber-optic communication systems and
for testing infrared systems in general.
(See page 40.)

Highly Efficient Thermoelectric
Unicouples

Advanced unicouples with carefully tai-
lored combinations of thermoelectric ma-
terials are being investigated to develop
generators with relatively high conversion
efficiencies. Conversion efficiencies as
large as 15 percent have been predicted.
(See page 42.)

How IN THE WORLD CAN YOU GET
THE PERFECT SILICONE FOR YOUR
SPECIFIC NEEDS, NO MATTER HOW

CREATE IT . . . Nusil Technology partners with you from the outset with on-site, in-person
application engineering support. Working with you, Nusil creates silicone with the properties
specific to your individual application. Of course you need to ... BE SURE THEY
HAVE THE FACILITIES TO PRODUCE IT . . . Nusil’s facilities in North America and
in Europe are spacious, IS0-9001 certified, state-of-the-art labs and processing plants. From
small highly specialized orders, to large, off-the shelf ‘standard’ purchases, every batch is
tested for quality and consistency. Nusil has . .. THE EXPERTISE TO PRICE IT
RIGHT . . . As masters of silicone technology, Nusil has over 400 fully characterized silicone
formulations. Customizing these ‘standards’ to provide or impart specific properties affords
tremendous economies. AND THE GLOBAL REPUTATION TO BACK IT UP ...
Nusil’s people are known for being hands-on, can-do professionals. From creating the
aerospace industry’s most complete line of silicones for space flight to being the healthcare
industry’s trusted resource, Nusil’s reputation is second to none. At Nusil, we look forward to

being your . . . Creative partners in a material world.

Nusil Technology Nusil Technology - Europe
1050 Cindy Lane Atlantic Parc - Les Pyramides No. 5 nuSil SILICONE
Carpinteria, CA 93013 PA. de Maignon 64600 Anglet, FRANCE TECHNOLOGY

Telephone: (805) 684-8780
Fax: (805) 566-9905

... FIND THE RIGHT PARTNER TO

Telephone +33 (0)5 59 31 41 04
Fax +33 (0)5 59 31 41 05

LARGE OR
SMALL ...

Silicone just might be the most cost
effective substance to fulfill your
material needs. Better than

whatever you're using or

considering now. But first you have to

www.nusil.com
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Room-Temperature Infrared
Instrument Detects Trace Gases
A compact instrument is used in de-
tecting trace concentrations of CO as
low as 100 parts per billion. It can also
detect other trace gases, such as N;O,
CO,, HyCO, and CH,.
(See page 44.)

Personal Cabin Pressure Alarm
Compact instruments as small as per-
sonal pagers would warn users when air-
craft cabin pressure drops to dangerous
levels. Pressure below a certain level trig-
gers a 30-min. timer before the alarm is
triggered. Further drop in pressure can
trigger the alarm immediately.
(See page 46.)

Glass Cure Plates for Fabricating
Flat Composite Panels

Costs and maintenance are lower
when glass is used instead of aluminum.
(See page 56.)

Ultrasonic Bubble-Sizing
Instrument

An ultrasonic instrument developed
for measuring the sizes of bubbles in the
human body is expected to aid research
in decompression sickness and other
conditions associated with gaseous
emboli.
(See page 62.)

SiC/SiC Composites With
Improved BN Coating on Fibers
A new method of fabricating compos-
ites with improved boron nitride
fiber/matrix interfacial layers creates a
BN coating that helps to deflect cracks
away from the fibers.
(See page 69.)

Silica-Filled EPDM Rubbers as
Ablative Insulating Materials

Although these materials have been de-
veloped for use on solid-fuel rockets, they
may also be useful in environments for
short-time protection against high heat.
(See page 70.)

Graphite/Conductive-Epoxy
Electromagnetic Shielding

Performance results suggest that this
composite material can provide thinner
and lighter shields than aluminum
against EMI and be equally as strong.
(See page 71.)
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PHOTODIODES:

A Smart Motion Control Solution

The automotive industry is increasingly using
photodiodes to provide greater levels of automation
and product sophistication.

echanical and piezoelectric
motion control has already
reached nanometer-level pre-
cision and repeatability.
While some further improve-
ment in these areas can still be expect-
ed, a more commercially significant

trend is towards “smart” systems, where
feedback signals control motion using
microprocessors and DSP-based con-
trollers. The feedback signal is often
derived from some type of optical sen-
sor, frequently utilizing a photodiode.

ITh

Increased raffclvels add t the pressur on automative manufacurers to provide smarte cruis controls with colson avoidance features.

This article briefly reviews the technol-
ogy and advantages of photodiodes,
and then examines some emerging
applications in the automotive industry,
which is one of the fastest-growing mar-
kets for smart motion control systems.

A photodiode is a special type of

semiconductor diode that converts inci-
dent light into a useful electronic sig-
nal. The majority of photodiodes are
silicon-based and respond to light in
the 350- to 1000-nm 1.6, the
near-UV through near-IR. Like other

range,

www.nasatech.com

solid-state components, photodiodes
are small, simple, rugged, and reliable.
Moreover, advances in wafer fabrication
technology means they can be manu-
factured in high volume for relatively
low unit costs. Obviously, all these
advantages are direct benefits in a
motion control system.

Just as important for OEMs, photodi-
ode functionality and performance are
highly customizable. For example, by
fabricating small, low-capacitance de-
vices, the response can be as short as 300
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WIDE RANGE
OF QUALITY
MOTORS

The Maxon product line consists of quality high
efficiency DC motors, which are available with
gearheads, encoders, tachometers, and controllers.
Our products range from cost-effective ferrite
magnet motors to current state of the art rare earth
- 4 magnet mo-

< tors. Brushless
3 motors also
are offered.
Our patent-
ed rhombic
wound mov-
ing coil mo-
. tors offer sev-
eral advantages over conventional DC motors such
as much longer brush life and extremely low electri-
cal noise, low mechanical time constant for fast ac-
celeration, low current consumption for extending
battery life, no cogging for smooth rotation even at
low speeds, and linear speed-torque constants for
simple, accurate control.

Typical applications include air samplers, chart
recorders, miniature pumps, chopper wheels, laser
measuring devices, microscope stages, surgical de-
vices, data storage devices, vision systems, and print-
ers/labelers.

For more information, call or fax
Mr. James Talent,
Maxon Precision Motors, Inc.,
Burlingame, CA.
Tel: 800-865-7540, Fax: 650-697-2887.
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12 mm REDUCED
COST MOVING COIL
MOTOR

Maxon’s new A-
max 12 mm (0.47 in)
diameter motor de-
the perfor-
mance and lifetime
of a moving coil
motor, but at a re-
duced cost due to im-
proved automated manufacturing processes. The
patented rhombic moving coil design provides for
long life, low electrical noise, fast acceleration and
high efficiency. The ironless rotor allows for zero cog-
ging and simple accurate control. The motor is avail-
able either with a single shaft or with a passing shaft,
and is rated at .5 or .75 watts. Other standard options
include ball bearings/sleeve bearings, and termi-
nals/leads. The motor length is 20.6 mm (0.81 in)
and weighs in at 10 to 12 g (.35 to .42 oz) depending
on configuration. Several different windings are avail-
able to match desired speed with available voltage.
Ambient temperature range is from -30° to 85° C
(-22° to 185° F), while the maximum efficiency is up
to 71% depending on the winding. The maximum
continuous torque from the motor alone is up to
.99 mNm (.14 ozin). Matching gearheads are also
available with ratios ranging from 4:1 to 1,118:1 capa-
ble of delivering up to 530 mNm (75 ozin) of inter-
mittent torque. Matching encoders are also available.

livers

For more information, call or fax
Mr. James Talent,
Maxon Precision Motors, Inc.,
Burlingame, CA.
Tel: 800-865-7540, Fax: 650-697-2887.
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500 WATT BRUSHLESS MOTOR

Maxon's new “EC” series of brushless motors are electronically commu-
tated, thus enabling extremely long motor life, since there are simply no me-
chanical brushes to wear out. Hall effect sensors are built in to the motor
in order to provide feedback to the control electronics. By assembling the
motor such that the coils are outside the rotor, good heat dissipation and
high overload capability are attained. Diameter is 60 mm (2.4 in) while the
length is 173 mm (6.8 in). Continuous output power is 500 watts, while maximum
speed is 7,000 RPM. Ambient temperature range is -20° to 125° C (4° to 257° F). Uiilizing high-energy
neodymium magnets results in a very responsive mechanical time constant of 4 ms, while minimizing overall size.
Using electronic commutation allows for minimum electrical noise; in fact these motors are CE approved, signi-
fying electromagnetic compatibility in the European market. Motors are offered with both “Y” or “delta” con-
figurations to optimize performance. Complementing the motors are gearheads with ratios from 3.7:1 to
307.5:1 capable of 180 Nm (132 ft-Ib) of intermittent torque. Also offered are encoders, resolvers and brakes.

For more information, call or fax Mr. James Talent, Maxon Precision Motors, Inc.,
Burlingame, CA. Tel: 800-865-7540, Fax: 650-697-2887.
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maxon motor

IN ROBOTICS AND MACHINE AUTOMATION,
THERE'S ONLY ONE PERFECT MOTOR FiIT.

Finding the right high precision
motor starts with Maxon’s commit-
ment to customer service and
customer satisfaction.

We've simplified the design
process to cut your engineering
time, giving you distinct advan-
tages in meeting market
needs and opportunities.

Our Maxon
Selection Program (MSP)
software calculates your
drive solutions for you.
With thousands of motor
combinations ~ MSP
analyzes your needs based on
speed, torque, voltage, diameter,
and length - and generates detailed
data and diagrams - it weighs the
options and delivers the solution,
eliminating uncertainty without

MAXON.

compromise and error.

Our comprehensive catalog
covers Maxon’s complete product
line of DC brush and brushless
high precision motors ranging in
size from 6mm (0.2”) - 75mm
(3”), and from 0.5 - 500 watts

output power.
Maxon’s approach to
supporting your total drive
solution includes our exten-
sive selection of gearheads,
tachometers, encoders,

If your application demands a
cost-effective or custom motor,
we can manufacture it and deliver
anywhere in the world.

Our consistent quality is attest-
ed by ISO 9001 certification,
which applies not only to proven

resolvers, and velocity amplifiers.

quality in production, but also
in design/development and
servicing.

We're confident you'll find at
Maxon the combination of exper-
tise, responsiveness, and personal
commitment that ensures the best
possible motion solution.

maxon
PRECISION MOTORS

Maxon Precision Motors

838 Mitten Road

Burlingame, CA 94010

TEL: 650/ 697-9614 800/ 865-7540
FAX: 650/ 697-2887
http:/fwww.mpm.maxonmotor.com
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ps. On the other hand, other devices can
offer over 10 decades of linear response.
Also, photodiodes can be fabricated as
single elements or multielement arrays,
as well as position-sensing detectors,
where a duplex electrical signal indi-
cates the x-y centroid position of an
incoming light beam.

Photodiode manufacturers have also
supported the development of sophisti-
cated “smart” applications by offering
custom assemblies that incorporate
optics and/or amplifier and signal-pro-
cessing electronics. Indeed, many OEM
customers have found it more cost-effec-
tive to incorporate a photodetector sub-
assembly, in which the individual com-
ponents are all preassembled, aligned,
and fully tested. Modern packaging
techniques, such as plastic encapsula-
tion and surface-mount interconnects,
enable this integration to be provided in
an economical manner.

Two recent advances, the large-area
avalanche photodiode (LAAPD) and
the Filtrode®, both patented by Ad-
vanced Photonix, offer specialized per-
formance benefits for motion control
applications. The LAAPD uses internal
amplification to generate multiple
charge carriers from a single incoming
photon, yielding high sensitivity and
low-light performance characteristics
formerly only found in bulky, fragile
vacuum-tube-based detectors. The
Filtrode® is a photodiode in which a
thinfilm optical coating is deposited

Figure 1. The Filtrode is a photodiode that has a wavelength-sensitive filter directly on its input surface.

directly onto the detector’s surface,
enabling it to reject or accept specific
wavelengths (Figure 1).

Automotive Applications

Automotive  applications  place
unique demands on photonic devices.
Simple economics dictates that these
components must provide high reliabil-
ity, meaning years of service, at a low
cost. But at the same time they must
withstand constant vibration over a
range of frequencies. Also, devices out-

side the passenger compartment must
endure extreme changes in tempera-
ture and humidity, as well as exposure
to grit, oil, and dirt. Obviously this
necessitates excellent bonding and
packaging techniques. In fact, to supply
devices to the automotive market, com-
ponent manufacturers must meet a very
strict set of qualifications referred to as
QS 9000. These are similar in philoso-
phy to the widely used ISO 9000, but
even more stringent.

An interesting smart motion control

Object in Window Opening

Backreflection

Fan of Light

Window Sensor Unit

Figure 2. “Smart” power windows may incorporate wavelength-sensitive photodiodes to detect changes in the reflected intensity from an LED light source.
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problem in the automotive industry
involves power windows. At present,
power windows offer automatic travel
only in the opening direction: this fea-
ture allows a window to be fully opened
without the switch having to be contin-
uously held down. This “hands-free”
operation is obviously an advantage at
toll booths, drive-through services, etc.
Clearly, it would be just as advanta-
geous to have hands-free closing as
well. At present, this feature is not
offered because of the danger of caus-
ing trauma to an object—e.g., a child’s
finger—accidentally placed in the win-
dow’s opening; the switch must there-
fore be actively held down throughout
the entire range of travel.

Unfortunately, a simple mechanical
interrupt based on resistance pressure
is not a viable solution to this problem.
In order to force a good wind-rain seal,
the closing window is typically acceler-
ated over the last inch or two of travel.
Consequently, the reaction time of a
resistive-force-based loop would not be
fast enough to completely eliminate
the potential damage to a small finger.
Engineers are therefore developing
potential optical solutions.

One approach that has been investi-
gated uses a near-infrared light-emit-
ting diode (LED) located in the cor-
ner of the window. A low-cost cylinder
lens is used to fan the LED’s output to
produce a flat sheet of light that is par-
allel to the window and close to its
inner surface (see Figure 2). A photo-
diode-based sensor is located in the
same module, with wide-field optics to
gather light from the entire window
area. The system is set up so that any
sudden change—increase or decrease
—in the photodiode signal will mo-
mentarily disable the automatic win-
dow-closing system.

Eliminating False Positives

A significant limitation of this
approach is the number of false posi-
tives: the system can be fooled by sud-
den changes in the ambient light level,
such as would occur when passing
through the shadow of a building or a
large tree. The goal of system designers
is to reduce background effects while
still delivering one hundred percent
response to the industry-standard test:
a 4mm-diameter opaque tube placed
in the furthest corner of the window.

A possible solution that is currently
being investigated relies on wavelength
discrimination. Advanced Photonix’s
Filtrode technology offers an economi-
cal route to this goal. The light source
is an LED that emits over a narrow
wavelength band, and the Filtrode
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coating is designed to transmit only
this same wavelength band. This
approach not only improves discrimi-
nation by orders of magnitude, but pre-
serves the key goals of simplicity and
low cost.

Fully automated window operation
will also allow for smarter climate con-
trol. For example, the windows could
be programmed to close automatically
in response to rain falling on the car.
Also, when the temperature of a
parked car reaches a certain level, the
windows would open and close to regu-
late the interior temperature. Photo-
diodes would also be used to deter-
mine the temperature by measuring
the ambient near-infrared intensity at
two different wavelengths.

Photodiodes and Cruise Control

As cars become smarter, photodiode-
based systems may also play an increas-
ing role in controlling the motion of
the car itself. An early example of this
is the smart cruise control, already
available on some German luxury mod-
els. Here a photodiode is mounted on
the front of the car, together with an
LED sending unit. The photodiode
detects light that is reflected from
objects in front of the car, allowing
continuous ranging by measuring time
or phase delay.

In practice, the cruise control is set
at the desired speed. When an object
enters the lane in front of the car, the
cruise speed is lowered as necessary to
maintain a minimum distance. When
the vehicle in front accelerates or exits
the lane, the original cruise speed is
restored. In contrast to the automated
window problem, this collision avoid-
ance application utilizes basic high-
speed photodiodes, where rugged
packaging and low cost are the most
important design parameters.

Finally, looking even further into the
future, automotive engineers are
exploring the concept of “drive by
wire” and “drive by fiber.” Analogous to
the systems used in some airplanes, the
controls would no longer be mechani-
cally linked to the wheels and transmis-
sion, etc. Photodiodes are expected to
play a key role, not only in transmitting
information, but also as optical sensors
to monitor the steering and transmis-
sion functions.

For more information, please contact
the author of this article, Brock Koren,
president of Advanced Photonix, 1240
Avenida Acaso, Camanrillo, CA 93012;
(805) 987-0146; fax: (805) 484-9935;
e-mail: bkoren@advancedphotonix.com;
www.advancedphotonix.com.
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Rolling-Piston Compressor With Flow-Through Lubrication
Advantages are high efficiency and insensitivity to orientation.
Lyndon B. Johnson Space Center, Houston, Texas

The figure presents a simplified and
partly schematic view of a two-stage
rolling-piston compressor that is under-
going development for use as the prime
mover in a vapor-compression heat
pump. In comparison with equally rated
compressors used heretofore in vapor-
compression heat pumps, this compres-
sor would perform better, would operate
with higher efficiency, would be smaller,
and would weigh less. Unlike prior com-
pressors, this compressor could function
in any orientation with respect to the
gravitational field and/or acceleration,
or in the absence of gravitation and
acceleration.

Like most prior compressors, the pre-
sent developmental compressor is
designed to be part of a hermetic
vapor/liquid-flow system wherein a refrig-
erant fluid and a lubricating oil are
allowed to mix and flow together. In a typ-
ical prior compressor, a sump in the com-
pressor housing is used to collect and
hold most of the oil; this is necessary to
prevent fouling of control valves and heat
exchangers with excessive amounts of oil.
The oilretention function of the sump

depends on the proper orientation of the

sump with respect to acceleration and

gravitation. In contrast, the present devel-

opmental compressor does not contain a

sump; instead, as explained below, the

compressor operates with flow-through
lubrication, and oil is allowed to flow
throughout the system. There being no
sump and no need to concentrate oil ata
single location in the system, the com-
pressor and the rest of the system become
insensitive to gravitation and acceleration.

The rolling-piston concept was chosen
for development of this compressor for
several reasons:

* Rolling pistons can readily be designed
to operate at speeds greater than those
of reciprocating pistons; this makes it
possible to reduce sizes and weights of
moving components without reducing
throughput.

* The lubrication requirements of
rolling-piston compressors appear to be
minimal; a rolling-piston compressor
can operate satisfactorily, without a
sump, when lubricated by a small
amount of oil (an oil mist) circulated
with refrigerant.

® The requirement for low oil circula-
tion is consistent with the need to min-
imize the potential for fouling of heat
exchangers and control valves with oil.
* Rolling-piston compressors are quite
tolerant of the entry of slugs of liquid

— refrigerant or oil or both. Thus, in

comparison with other compressors,

rolling-piston compressors function
with less dependence on precise con-
trol of liquid inventories.

A typical preliminary design calls for
the developmental compressor to cir-
culate the refrigerant fluid between an
evaporator at a temperature of 240 K
and pressure of about 10 psi (=69 kPa)
and a condenser (radiator) at a tem-
perature of 295 K and pressure of
about 100 psi (=690 kPa) while trans-
ferring heat from the evaporator to the
condenser at a rate between 300 and
500 to 500 W. The refrigerant fluid
would likely be R-134a (tetrafluo-
roethane). The lubricant would likely
be a synthetic polyol-ester oil, the
amount of oil being of the order of 10
to 20 mass percent of the refrigerant/
lubricant mixture. The motor speed in
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This Two-Stage, Rolling-Piston Compressor offers potential advantages of better performance and less size and weight, relative to previously developed

heat-pump compressors.
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typical operation would be of the order
of 10,000 rpm.

Although the design calls for two
stages to develop the pressure ratios
needed for the required temperature lift
of 55 K, both stages can be contained in
a single housing, where they can be dri-
ven by one motor via one shaft. By suit-
able diversion of inlet and outlet flows,

the two pistons can be operated in series
(as two stages) to obtain a higher tem-
perature lift at a smaller flow rate, or the
two pistons can be operated in parallel
(as a single stage) for a somewhat lower
temperature lift at a greater flow rate.
Depending on the required evaporator
and condenser temperatures, a control
system can select either the series or the

parallel mode, whichever offers greater
efficiency. The motor speed can be var-
ied to control the capacity of the com-
pressor in either mode.

This work was done by Daniel L.
Fischbach, Russell Tetreault, Andrew C.
Harvey, William Leary, Nathan Longo, and
David H. Walker of Foster-Miller, Inc., for
Johnson Space Center. MSC-22888

Closed/Momentary-Opening/Closed Solenoid Valve

A poppet would be toggled between two “closed” positions.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed solenoid-actuated valve
would open for a short time to pass a
very small quantity of fluid. The valve
could be used to meter a specified total
quantity of the fluid through repeated
actuations.

In the operation of a typical solenoid-
actuated, momentary-opening valve of
older design, the solenoid is first actuat-
ed to magnetically pull a poppet away
from a valve seat to effect opening.
Shortly thereafter, the current in the
solenoid is turned off, allowing a spring
to halt the motion of the poppet away
from the seat and then push the poppet
back into the seat to effect closure. In
the proposed valve, there would be no
return stroke; instead, to effect momen-
tary opening, the poppet would be tog-
gled between two “closed” positions.
One advantage offered by this approach
would be that without a return stroke, a
shorter opening time could be achieved.
Another advantage would be protective
redundancy; if a leak were detected with
the poppet in one of the two “closed”
positions, one could simply switch the
valve to the other “closed” position.

In the proposed valve (see figure), a
poppet would be spring-loaded and
latched into either a rearward or a for-
ward “closed” position. The spring-load-
ing and latching action would be effect-
ed by a Belleville spring, which would be
stable in either “closed” position and
would snap (“oil-can”) between the two
stable positions when the poppet was
moved through the middle position.
Two armatures (magnetically permeable
plungers) would be mounted on the
poppet, separated by an inner yoke.
There would be two solenoids; a for-
ward-closing and a rearward-closing coil.

The armatures would be positioned,
relative to the solenoids, to configure
the magnetic-flux paths to obtain the
desired magnetic forces. The configura-
tion would be such that upon applica-
tion of electric current to the forward-
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or rearward-closing coil, the resulting
magnetic force would pull the poppet
toward either the forward or the rear-
ward “closed” position, respectively.
When neither coil was energized, the

force of the Belleville spring would hold
the poppet in whichever “closed” posi-
tion was reached most recently.

This work was done by George Yankura
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.

NPO-20596

Myoelectric Teleoperation for Robotics and Prosthetics
Thus far, it has been possible to distinguish myoelectric signatures of two different grips.

Lyndon B. Johnson Space Center, Houston, Texas

Johnson Space Center is sponsoring
continuing research on the use of myo-
electric signals to control dexterous
robotic and prosthetic hands. This
research is expected to advance the
state of the art beyond that of today’s
most common, commercially available,
myoelectrically controlled prosthetics
— clawlike devices, little altered since
the 1970s, that are restricted to motion
in one degree of freedom and are basi-
cally motorized hooks. Thus far, the
research has shown that by use of a suit-
able combination of electronic hard-
ware and software, it is possible to rec-
ognize the myoelectric signatures of at
least two different grips in real time,
with an accuracy of at least 90 percent.
While this level of performance is
below the nearly 100-percent accuracy
required for highly precise teleopera-
tion (e.g., for controlling remote
manipulators on the Space Station), it
is high enough to offer potential bene-
fits to the prosthetics community, and
hence would be well worth further
investigation. The fruits of this
research might eventually include com-
fortable, lightweight, and relatively
inexpensive prosthetic hands that
could act, in a nearly lifelike manner
and in real time, in response to the
myoelectric signatures of as many as six
different grips.

Experts in prosthetics generally agree
that the following five types of grips are
vital to a person’s daily activities:
¢ The three-jaw chuck or pincher grip,

used to hold small objects;

e The lateral or key grip, used to hold
and actuate a key in a lock;

® The hook grip, used to carry an item
like a book or a briefcase;

e The spherical grip, in which the
thumb and fingers are wrapped
around a sphere; and

® The cylindrical grip, in which the
thumb and fingers are wrapped
around a cylinder.

The designs of majority of commer-
cially available electrical hand prosthe-
ses generally address the need for only
a couple of these types of grips, and do
not provide for independent control of

Motion Control Tech Briefs, October 2000

fingers and thumbs. Most are capable
of chuck grips only. Designs of the
most advanced research models have

provided for chuck and key grips, with
options for spherical and cylindrical
grips provided through passive compli-
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Micro Mo Electronics is an OEM
supplier of fractional horsepower
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ance of fingers. All of these devices, at whatever level of sophistication, present
control and interface problems.

One of the problems is caused by the fact that available myoelectrically con-
trolled hands are limited to one-degree-of-freedom performance, although
some offer proportional gripping forces as well. Worse yet, the most complex
artificial hands are significantly larger and heavier than are human hands, and
therefore amputees experience difficulty in controlling them. Indeed, the
human hand is a complex mechanism that has 27 degrees of freedom and is
capable of a wide range of powerful and yet delicate movements with quick,
quiet, and smooth operation while exhibiting both high performance and effi-
ciency. Therefore, it has long been thought that, given constraints on size and
weight, it is well nigh impossible to design an artificial hand that performs at
the level of the human hand. However, as has now been shown by the research
reported here, it may be possible to construct a prosthetic hand that has multi-
ple degrees of freedom and that performs the key motions of a human hand
under control by processed myoelectric signals.

In this research, attempts were made to recognize, in real time, the myo-
electric signatures of as many as six different grips by use of frequency (and,
alternatively, time-frequency) techniques that “split” the signatures and by use
of artificial neural networks to recognize the signatures. The development of
an ability to distinguish among different grips would be a critical extension of
the state of the art, inasmuch as commercially available myoelectrically con-
trolled prostheses recognize only two usual states, i.e., “grip” and “open.” In
the research, various degrees of accuracy of recognition were obtained for var-
ious combinations of grips. The best results were obtained (accuracy >90 per-
cent) in distinguishing between the chuck and key grips. Inasmuch as it was
heretofore generally believed by experts in the field that it was not possible to
extract grip-signature information from myoelectric signals, this is a significant
achievement.

This work was done by I. D. Walker of Rice University for Johnson Space Center.
For further information, access the Technical Support Package (TSP) free on-line at
www.nasatech.com under the Electronic Components and Systems category.
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Formulation and Algorithm
for Multi-Flexible-Body
Dynamics

Subroutines can be executed independently

at different frequencies to optimize computer
performance.

Lyndon B. Johnson Space Center, Houston, Texas

An improved formulation of the dynamics of multiple flexi-
ble bodies coupled via joints, and an algorithm that imple-
ments the formulation, have been developed at Johnson Space
Center (JSC). A robot arm with multiple, somewhat flexible
links is a prime example of a dynamic system to which the for-
mulation and algorithm are intended to be applied. Other
potential domains of application could include spacecraft, air-
craft, industrial, automotive, and marine systems. The goal in
developing the formulation and algorithm was to increase the
efficiency of computational simulations of the dynamics of all
such systems.

Algorithms and computer programs that simulate dynamics
(“dynamics simulators” for short) have become necessary for
designing and operating increasingly sophisticated systems —
especially in the case of spacecraft. As simulated systems
become more sophisticated and more complex (thus increas-
ing the amounts of computation needed to simulate their
dynamics), increases in computational efficiency are needed to
keep computation times as short as possible.

machined

8b For More Information Circle No. 609
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Prior dynamics simulators, of which
there are many, can mostly be character-
ized as belonging to either of two ge-
neral methods: the recursive Newton-
Euler (NE) or the recursive projection
(Lagrange-Kane) method. An attempt
to base a dynamics simulator on either
method results in inherent computa-
tional inefficiency for either a flexible-
or a rigid-body problem for the follow-
ing reasons:
® The recursive projection method also
requires, among other things, the
computation of a system-level mass
matrix. In the case of a flexible-body
problem, a system-level mass matrix is
necessary for finding eigensolutions
and for performing the modal trunca-
tions necessary to reduce computation
time sufficiently for real-time applica-
tions. Therefore, the recursive projec-
tion method is better suited for a flexi-
ble-body problem. On the other hand,
because the recursive projection
method requires a system-level mass
matrix even though such a matrix is
not needed to solve a rigid-body prob-
lem, it is less computationally efficient
when applied to such a problem.

The recursive NE method does not
require the computation of a system-
level mass matrix and, because it does
not, it cannot be used by itself to
solve a flexible-body problem. On the
other hand, because it does not
require a system-level mass matrix, it
is more computationally efficient for
solving a rigid-body problem. In
order to be able to apply the recur-
sive NE method to a flexible-body
problem, it is necessary to perform
additional computations to construct
the system-level mass matrix.

Each of the recursive Newton-Euler
(NE) and recursive projection (La-
grange-Kane) methods requires (1)
both an inbound and an outbound
recursion pass and (2) incorporation,
into each dynamics simulator, of a tree-
branch-indexing scheme to track the
inbound and outbound recursions.
Unlike the formulations of recursive
NE and recursive projection dynamics
simulators, the formulation of the JSC
dynamics simulator is based solely on
body-to-body relations. As a conse-
quence, there is no concept of branches
in the algorithm; instead, there is only
the relation of the current body to the
previous body, as specified in a list of
bodies. As a further consequence, only
one recursion pass is necessary.

In the JSC dynamics simulator, the
base body of a given system structure
can be fixed or free. Each subsequent
body, if any, can be attached to its par-
ent body via joints characterized by any

Motion Control Tech Briefs, October 2000

combination of 3 rotational or 3 trans-
lational degrees of freedom. Each body
in the system can be wholly or partly
rigid or flexible in any one or all of
three dimensions.

The JSC dynamics simulator is
designed to partition data and associat-
ed computations for multiprocess, mul-
tifrequency computation: The algo-
rithm includes a set of subroutines that
can be executed independently, at dif-
ferent frequencies, to optimize the
computational performance in a given
application. All of the subroutines
work together to produce a complete
dynamical solution, but computation
time can be reduced, at the cost of
lower fidelity, by lowering the frequen-
cies of execution of some subroutines
or not calling the subroutines at all.

In the JSC dynamics simulator, the
number of operations to compute the
coefficients of a mass matrix has been
reduced significantly, relative to the cor-
responding numbers from all prior
dynamics simulators; because of this and
because all operations to construct a
mass matrix and forcing-function terms
are performed recursively, the execution
time is reduced tremendously. As
applied to a given flexible-body prob-
lem, the JSC dynamics simulator
requires only about one-third as many
computations (additions and multiplica-
tions) as do dynamics simulators based
on the NE and projection methods
applied to the same problem.

The JSC dynamics simulator relies on
the proven symmetry of the mass matrix
of a dynamic system to facilitate compu-
tation of elements in the upper left por-
tion of a system mass matrix — elements
that pertain to cross-coupling between
rigid- and flexible-body dynamics and
that are not easily computable in terms
of the lower left portion of the mass
matrix. This feature is an essential part
of the mathematical justification of the
single-pass recursion scheme.

The JSC dynamics-simulator formula-
tion and algorithm have exceeded
expectations at |SC, where computation
times for simulations of the flexible-
body dynamics of the space-shuttle
remote manipulator system (RMS) have
been reduced significantly below those
of a dynamics simulator based on the
recursive projection method. Similar
reductions in computation time are
anticipated for other applications.

This work was done by An Huynh of
LinCom Corp. for Johnson Space Center.
For further information, access the Tech-
nical Support Package (TSP) free on-line at
www.nasatech.com under the Mechanics
category.
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NEW PRODUCTS

Profile Rail System

Lee Controls Inc., Piscataway,
NJ, adds to its product line the
SBC Profile Rail System, de-
signed for use in automated
production lines, CNC ma-
chines, power transmission, and
any linear motion application
where high precision and com-
pact size are required. The system consists of LG
series rails and LG series blocks that are available
in four ranges, two for high load capacities and two
for ultrahigh load capacities. Standard lengths
begin at 6.5 in.; maximum length of a single rail is
120 in. The company says that the system’s two-
point ball contact design of the block and rail

assures smooth movement.
For More Information Circle No. 765

Brushless Servos
and Steppers

GE Fanuc Auto-
mation, Charlottes-
ville, VA, offers a new
family of brushless
] servo and stepper
modules. The S2K Series is available in servo ampli-
fier, servo controller/amplifier, and stepper con-
troller/amplifier versions. All S2K Series controllers
are available with standard DeviceNet™ communica-
tions and implementation, including ODVA-compli-
ant master/slave messaging services and peer-to-peer
support for multiaxis standalone systems. Other fea-
tures include multiple speed position moves, index
and phase synchronization, secondary position feed-
back, and digital and analog I/0.

For More Information Circle No. 766

NIST-Traceable
Torque Sensors
Transducer Tech-
niques Inc., Teme-
cula, CA, offers the
RSS (rotating) and
the SWS (reaction)
torque sensors. Available in ranges of 10-1000 ft.
lbs., they provide measurement of bolt or nut
wrenching torques. Both are bidirectional, so that
tightening and break-away torques can be mea-
sured, according to the company. Rated outputs
for both are 2 mV/V, with accuracies of nonlinear-
ity 0.25 percent, hysteresis 0.25 percent, and non-
repeatability 0.1 percent. The company says that
the sensing element incorporates bonded foil
strain gauges of the highest quality.
For More Information Circle No. 768

Analog Speed

Control Board
Intelligent Motion Sys-
tems, Marlborough, CT,
announces the OSC-462H
analog speed control board.
It features a digital oscillator
for accurate velocity control
with an output frequency of
up to 100 kHz, which will vary with the level of the 0-
to-+5 V DC input via a 10-kOhm potentiometer. The
speed control board is programmable using a 10-
command instruction set of 2- to 7- character
mnemonics. A single +12-to-+40-V DC supply pro-
vides power for both the OSC462H and its IMS
IB462H half/fullstep ultraminiature hybrid step
motor driver.

For More Information Circle No. 771

In-Line Flowmeter

The FlexMASSter®
ST98L in-line flowmeter
from Fluid Components
International, San Mar-
cos, CA, combines a
wide flow range with

accuracy and a streamlined feature set suited for low-
flow gas measurement, according to the company.
The device measures air flow from 0.0062 to 1850
SCFM to an accuracy of +1 percent of reading plus
+0.5 percent of full scale, and its repeatability is +0.5
percent. The no-moving-parts sensing element com-
prises two all-welded 316 stainless steel thermowells
that protect resistance temperature detectors
(RTDs). The in-line flow tube comes in a 1-in.-diam-
eter tube or 1-, 1.5-, or 2-in. schedule 40 pipe.
For More Information Circle No. 774

10b

Four-Axis
Stepper
Motor
Controller
Nippon Pulse
Motor Co. Lid.,
Radford, VA,
announces the
NPMC-5023-
4ISA four-axis stepper motor controller, a control
board that uses a high-speed PCL-5023 pulse genera-
tor chip. Key features include ISA-bus, 4-axis, high-
pulse-rate capability of 4.9 M pps for microstepping,
S-curve ramp-up and ramp-down, encoder feedback
inputs, and linear interpolation. Software using
Microsoft Windows helps provide quick setup and
testing, the company says.

For More Information Circle No. 769

Mechanical
Engineering
Software

Algor Inc., Pittsburgh,
PA, has added capabil-
memro ities to its Mechanical

Event Simulation (MES) software, providing new
ways to impose motion during analysis of mecha-
nisms and joints. The company says that new capa-
bilities provide engineers with the freedom to rotate
actuator elements and apply stop-and-start motion to
finite element analysis models. Through the use of
actuator elements, prescribed rotations, and pre-
scribed displacements, Algor says its Accupak/MES
and Accupak/VE analysis packages will enable engi-
neers to simulate more realistic and functional
mechanisms and joints.
For More Information Circle No. 772

Digital Force Gauge
Mark-10 Corp., Hicksville,
NY, makes available what it
calls the smallest digital
force gauge on the market
today. The 500-lb. Series
MG measures 3.7 x 2.5 x 1.5
in. It offers a multifunction
4-Y,-digit LCD with a set of
annunciators for peak force
indication, units of measurement, and low-battery
indication. It runs for 30 hours on a 9-V battery and
automatically shuts off if not used. Sampling rate is
30 readings per second. It is available in several mod-
els covering the ranges from 0-0.25 Ibs. to 0-500 Ibs.
Accuracy is 0.5 percent, calibrated with weights
traceable to NIST.
For More Information Circle No. 775

www.nasatech.com

Linear Servo
Actuator
Series
THK America,
Schaumburg, IL,
introduces the
linear servo actu-
ator (LSA) Sabre
Series. The com-
pany says that the series’ “plug-n-play” design enables
setup, from box to wired, in less than ten minutes. It
operates at up to 4m/sec at 0.3-micron digitized
encoder resolution (with the standard digital ampli-
fier) and at forces up to 1080 N. Its linear encoder
and magnets are fully enclosed for protection. THK
says that extremely rapid accelerations are achiev-
able, and the cable carrier is easily field-replaceable.
For More Information Circle No. 767

Single-Disc
Servo Class
Couplings
Zero-Max, Minnea-
polis, MN, expands
its lines of servo
class coupling with
a new single-disc model in eight sizes with torque rat-
ings from 8.84 to 885 in. lbs. The company says the
servo class couplings feature zero backlash, flexible
metal discs, and keyless clamp-type mounting hubs.
The single-disc design, according to Zero-Max, pro-
vides a smaller package with greater torsional and
axial stiffness than the current double-disc design
counterpart. The eight models, designated SD010
through SD080, offer a range of operating torques
and weights.

For More Information Circle No. 770

Severe
Duty
Motor
Power
Cables
C&M Corp.,
Wauregan,
CT, intro-
duces the FT4-certified severe duty motor power
cables, which the company says can withstand expo-
sure to chemicals, oils, abrasion, and extreme tem-
peratures. Suitable for flexing applications, severe
duty motor power cables can bear continuous
motion and bending requirements in an automatic
environment and do not need to be installed in con-
duits. The cables are available in a range of sizes,
from 18 AWG to 1/0 AWG.

For More Information Circle No. 773

Robotic Seam
Tracking Sensor
SenSolve Inc., Albu-
querque, NM, has inte-
grated its ST45 robot
seam tracking sensor

— with the Motoman®
MRC controller. The ST45 uses the company’s pro-
prietary fringing electricfield sensing technology to
track part features during processes such as robotic
arc welding. The sensors measure torch cross-seam
position, height, and work angle in real time using
the MultiDOF™ system to send corrections to the
MRC controller. Welding torch position is automati-
cally adjusted to eliminate errors due to fixturing or
part tolerances. The ST45 also locates the seam start-
ing position before arc initiation.

For More Information Circle No. 776
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Technology

2000 the 11th annual conference for technology partnerships, licensing,
and commercialization, will be held October 31 - November 2 at the Meydenbauer
Convention Center in Seattle, WA. Last month, we focused on some of the innovative
technologies that will be displayed by the Air Force Research Laboratory (AFRL) and
NASA's Kennedy Space Center. Here, we showcase more of the latest technologies

developed by the US Army, NASA, and the US Air Force.

Sponsored by NASA, NASA Tech Briefs, the AFRL, the Federal Laboratory Consortium Far West Region, and other
federal agencies and industry partners, Technology 2000 will be held in conjunction with the third annual Small
Business Tech Expo and the National Small Business Innovation Research (SBIR) Conference. For more information,

visit www.T2Kexpo.com.

Golden Triangle of Technology

26

ASA’s Jet Propulsion Laboratory (JPL), Pasadena, CA;

NASA’s Ames Research Center, Moffett Field, CA; and

NASA’s Dryden Flight Research Center, Edwards, CA,
will combine their technologies into an extensive exhibit that
illustrates NASA’s “Golden Triangle” of technology.

The Golden Tri-
angle of Technol-
ogy emphasizes
that three impor-
tant elements work
together, as do the
sides of an actual
triangle, where any
side can be the
base, and where
the sides intersect
at the vertices of
the triangle. The el-
ements of NASA’s
Golden Triangle
are biotechnology,
nanotechnology,
and information
technology.

The three centers’ ex-
hibits underscore the inter-
dependence of the sides of
the triangle. In many cases,
applications involve more
than one of the technolo-
gies; for example, a bio-
inspired use of chemical
sensors, the bio-inspired
application of polymers to
the creation of an “artifi-
cial muscle,” or the biologic applications of infrared
photodetectors.

Biotechnology — The Quantum-well infrared photodetec-
tor, QWIP, is a camera that uses highly sensitive arrays in in-
frared photodetectors. The camera, developed at JPL, features
a large-area, long-wavelength QWIP focal plane array that

NASA JPL's quantum-well
infrared photodetector (QWIP)
camera uses highly sensitive
focal plane sensor arrays that
give it greater sensitivity,
resolution, and stability
than previous infrared
cameras.

www.nasatech.com

gives it greater sensitivity, resolution, and stability than previ-
ous infrared cameras. An application recently receiving clear-
ance from the Food & Drug Administration (FDA) uses a
QWIP sensor in a device called the BioScan System™, devel-
oped by OmniCorder Technologies of Stony Brook, NY. This
application allows the non-invasive detection of breast cancer.
Studies have determined that cancer cells
exude nitric oxide, which causes changes
in blood flow in tissue surrounding can-
cer. The digital sensor detects the infrared
energy emitted, thus “seeing” the minute
differences associated with blood flow
changes. The JPL sensor also has been
used in terrestrial applications such as lo-
cating hot spots during fires, and it has po-
tential uses for search and rescue, spotting
faulty welds and blockages, and volcano
observation.

Also developed in a collaborative effort
between JPL and Caltech is the Electronic
Nose (ENose), which is designed to mon-
itor the air quality in human habitats such

as the Space Shuttle and the International Space Station. The
electronic nose operates similarly to a human nose — both
contain a large number of non-specific sensors. The JPL
ENose is an array of chemical sensors made from 16 different
polymer films. The polymers swell and shrink as the com-
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position of the air changes, with
these changes altering the electri-
cal resistance of the films. Elec-
tronic Noses have been applied
to environmental monitoring
and quality control in such fields
as food processing and medical
diagnosis.

Developed at NASA Ames, S2K!
(Sensors 2000!) is a high-perfor-
mance workgroup that provides
directed, advanced biosensor and
bioinstrumentation systems tech-
nology in support of NASA’s life
sciences space flight and ground-
based research and development.
S2K! is developing pill-shaped bio-
telemeters for measuring physio-
logical parameters during life sci-
ences experiments aboard the
International Space Station’s Grav-
itational Biology Facility. Eventu-
ally, this family of devices could be
used to monitor animal health pa-
rameters, and the performance of
self-contained biological systems.

Nanotechnology — Emerging
nanoscience and nanoengineering advances will be show-
cased by NASA Ames. Focusing on the promise of this
nascent field, the nanotechnology display will highlight
carbon nanotubes, computational nanotechnology,
biosensors, protein nanotubes, and computational- and
opto-electronics.

The advanced miniaturization technology enables new
science and exploration missions for which ultra-small
Sensors, power sources, communication, navigation, and
propulsion systems with very low mass, volume, and power
consumption are needed. Nanotechnology presents a new
spectrum of opportunities to build device components
and systems for entirely new space architectures that will
reach the global commercial marketplace as well.

Information Technology — A new method and system
for design optimization that incorporates the advantages
of both neural networks and traditional response surface
methodology has been developed at NASA Ames. The
method employs a unique strategy called parameter-based
partitioning of the given design space. In the design pro-
cedure, a sequence of composite response surfaces based
on both neural networks and polynomial fits is used to tra-
verse the design space to identify an optimal solution. Sev-
eral illustrative applications of the method to aerodynamic
design optimization will be shown.

Ames also will demonstrate FutureFlight Central, a full-
scale airport operations simulator that has the look and
feel of an actual air traffic control tower cab. Currently in
use by San Francisco International Airport and Los Ange-
les International Airport, FutureFlight Central supports
cost-benefit studies, provides a stable platform from which
new requirements can be derived, enables information
sharing among multiple users, and tests software perfor-
mance, safety, and reliability under realistic conditions.

FutureFlight Central can be configured to support sub-
systems that may exist in some airport facilities, but not in
others. The facility, located at NASA Ames, is the world’s
only walk-in, fullscale, 360-degree airport simulator, allow-
ing users to evaluate new tower positions, runway configu-

FutureFlight Central at NASA Ames is the world's only walk-in, full-scale,
360-degree airport simulator, allowing users to evaluate new tower positions,
runway configurations, and aircraft movements before new construction begins.

rations, and aircraft movements before new construction
begins. The simulator’s artificial world changes in real time,
with weather changes and aircraft landing and taking off.

U.S. Army Technology Opportunities

The Team APG Business Development Office represents
the U.S. Army’s leading scientists, technicians, and analysts at
the Aberdeen Proving Ground (APG) in Maryland. With
more than 50 major organizations, 57,000 acres of instru-
mented test ranges and laboratories, and the capability to pro-
vide a broad range of technologies, Team APG is prepared to
meet virtually any technical challenge.

Also represented at Technology 2000 will be the U.S. Army
Soldier and Biological Chemical Command (SBCCOM), ded-
icated to developing, acquiring, and sustaining soldiers, sol-
dier support, and biological and chemical defense technol-
ogy, systems, and services. SBCCOM also provides for safe
chemical weapons storage, environmental remediation, and
domestic preparedness implementation. Many technology
transfer opportunities exist for potential partners in coopera-
tive ventures, and SBCCOM facilities are available for use in
cooperative programs.

AFRL Research Highlights

From virtual reality to laser-propelled space vehicles, the Air
Force Research Laboratory takes the Air Force’s investment in
science and technology and creates improved warfighting ca-
pability. Since 1997, the AFRL — the Department of Defense’s
largest laboratory — has pursued leading-edge technologies in
such diverse areas as air vehicles and satellites; aero, rocket,
and space propulsion; munitions and directed energy; sensors
and information; materials; and training and protection. The
AFRL will display some of the latest technologies from di-
rected energy, human systems, information, materials and
manufacturing, propulsion, sensors, and space.

www.nasatech.com



€D Special Coverage: CAD/CAE/PDM

True Integration Puts System-Level
Simulation into Component-Focused CAD

Mechanical design simulation tools that are truly CAD-integrated deliver
advanced simulation technology at an affordable price.

Savvy manufacturers competing in a
global marketplace undoubtedly have
invested in a myriad of software and
hardware systems for computer-aided
design, manufacturing, and engineering
(CAD/CAM/CAE), as well as product
data management (PDM) and enter-
prise resource planning (ERP).

Those same manufacturers probably
have also spent tens of thousands of dol-
lars on training, support, and mainte-
nance of these computer resources — all
with the aim of reducing time to market
and improving quality in new
product development.

In the design-for-manufactur-
ing realm, an engineering team
is likely deploying the latest me-
chanical design automation
tools. New products are now cre-
ated using realistic 3D solid
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Getting Answers Early

Consider just these two new product
examples: seat restraints for next year's
vehicle designs and the latest cellular
phone models. These products must
meet mission-critical design require-
ments and stringent production sched-
ules. If a manufacturer can’t deliver qual-
ity products on time to demanding
customers, there are plenty of competi-
tors who can, and who will. And this cold,
hard reality probably holds for most man-
ufacturing industries.

i

models, which allow engineers
to investigate the form and the
fit of a design long before bend-
ing any metal or cutting any

®

Wi

plastic in the prototyping phase.

This computer-aided ap-
proach already should be reap-
ing important benefits for
manufacturers. When a physi-
cal prototype of a design is fi-
nally built and tested, the parts
usually fit, assembly interfer-
ences are less of a problem,
and getting it right the first
time is a realistic goal.

But after investing all of this
time and money on the tech-
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nology and support resources

required, there’s at least one

critical question about a new me-

chanical system design that must
wait to be answered by hardware
prototypes: Does it work?

A new product that jams,
breaks, or fails even after un-
dergoing extensive design,
testing, and production proce-
dures is an expensive mistake
that can cause a manufacturer
to miss a critical window of
market opportunity.
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Figure 1: Dynamic Designer mechanical design simulation tool from
Mechanical Dynamics is integrated inside Unigraphics Solutions’
Solid Edge CAD software.
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Figure 2: This image was created using Dynamic Designer seamlessly
integrated with SolidWorks 99 CAD software from SolidWorks.

Why let it happen? The smart ap-
proach is to address issues of functional
performance early in the design cycle
— at the same time the form and fitof a
design is investigated and perfected. In
this way, design mistakes can be found
and corrected when the cost of address-
ing them remains low.

The bottom line is this: If one has the
right tools to investigate the functional
performance of a design at the same time
its form and fit is evaluated, one would
have all of the pieces needed to start truly
realizing the long-promised
time-saving, cost-cutting, and
quality-improving benefits of
digital product development.

Proven Simulation
Technology

Available today is CAD-em-
bedded mechanical design sim-
ulation technology that’s fully
up to the task of answering the
“does it work?” question. The
most sophisticated of these soft-
ware solutions also provide in-
formation needed to answer
another important question
about a design: Will it break?

The underlying technology
for these products was devel-
oped more than two decades
ago and has gained wide-
spread acceptance by large
companies’ engineering
teams developing complex
products such as automobiles,
aircraft, and space vehicles.
These organizations have
learned that by investigating
the functional aspects of their
designs on the computer, be-
fore building expensive physi-
cal prototypes, they can de-
liver better new products to
market faster. At the same
time, they have been able to
reduce their overall develop-
ment costs while evaluating
many more design alterna-
tives than before.
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Today’s mechanical design simula-
tion products take design geometry
created in CAD in the form of wire-
frame, surfaces, and solids that repre-
sent an assembly of moving parts. The
user can then add special motion-re-
lated items such as joints, springs, mo-
tion generators, and forces to produce
a complete motion model. The user
simulates the assembly’s motion over a
period of time, calculating the dis-
placement, velocity, acceleration, and
reaction forces for each part in the as-
sembly. This information can be used
to produce animations and calculate
interference (“Does it work?”).

Mechanical design simulation also
can generate operating loads needed for
structural analysis (“Will it break?”)
using finite element analysis (FEA) soft-
ware. In this way, the technology serves
as a valuable complement to FEA.

CAE tools that are truly CAD-inte-
grated — not just stitched on through
clumsy interfaces for exchanging design
geometry between software packages —
deliver the same advanced simulation
technology at a price affordable by even
the smallest manufacturing organization
or engineering workgroup.

What's more, since designers call up
the simulation software’s functionality

from directly within their familiar CAD
environment, they get answers to their
design performance questions without
having to learn new software or taking
extra steps to transfer data.

Preserve as You Upgrade

There are embedded mechanical de-
sign simulation solutions for high-end
CAD environments (such as CATIA, I-
DEAS, Unigraphics, and Pro/ENGI-
NEER), as well as for the most popular
mid-range CAD systems (Autodesk Me-
chanical Desktop, SolidWorks, and
Solid Edge).

In the mid-range arena, CAD-embed-
ded simulation software provides in-
creasingly sophisticated answers to the
“Does it work?” question. One easily can
upgrade within the product family, and
as the upgrade is done, a manufacturer
preserves its investments in training and
previously created information because
all of the products share a common user
interface and data structure, and all in-
teract with the CAD system in the same
manner.

The most basic CAD-embedded me-
chanical design simulation software al-
lows functional evaluation of designs
containing linkages, motors, actuators,
springs, and other basic components.

Designers create realistic animations of
their mechanical assemblies in opera-
tion, then check for interference among
all components.

More advanced solutions allow de-
signers to evaluate assemblies with
added complexity, including cams,
gears, latches, and contact. Designers
not only can create animations and de-
tect moving interference, they also can
obtain basic performance information
such as linear and angular displace-
ments, and part velocities and accelera-
tions. These data can be studied graphi-
cally and through XY plots.

The top-of-the-line CAD-embedded
mechanical design simulation software
provides capabilities at the next level, al-
lowing designers to size motors
and actuators, determine power con-
sumption, and generate loads for FEA.
This gives a design team the most com-
plete answer to the “Does it work?” ques-
tion, while also providing structural
analysis data critical to determining
“Will it break?”

For more information, contact the author
of this article, Alan Wegierika, director of the
Design Technologies Division of Mechanical
Dynamics, Ann Arboy, MI; Tel: 734-994-
2500; or visit www.designtechnologies.com.
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¢ MDICE: Software System for Multidisciplinary Computing

Programs for different disciplines can readily be incorporated as needed.
John H. Glenn Research Center, Cleveland, Ohio

The Multi-Disciplinary Computing En-
vironment (MDICE) is a software system
for multidisciplinary analysis of complex
engineering equipment, processes, and
systems. Currently MDICE supports a va-
riety of disciplines, including parametric
computer aided design (CAD), grid gen-
eration, computational fluid dynamics
(CFD), computational structural dynam-
ics (CSD), active controls, and visualiza-
tion/animation.

MDICE has been developed by CFD
Research Corporation with funding from
NASA Glenn Research Center and AFRL
Air Vehicles Directorate at WPAFB.

While the growing need for multicom-
ponent and multidisciplinary engineer-
ing analysis has been understood for
years, lack of integration among com-
puter programs that serve different disci-
plines has posed a major obstacle to such

File Users

Runnhing

analysis. The existence of many different
formats for the various data files con-
tributes to the general difficulty. The de-
velopment of MDICE has addressed
those issues.

MDICE is an extensible program suit-
able for integration of analysis programs
from several engineering disciplines.
MDICE was developed by extending a
prior software system, called “Visual Com-
puting Environment” (VCE), that had
been developed to enable coupling
among various flow-analysis codes. VCE
has been used with success in analyzing
aircraft-engine components. The MDICE
system is currently being applied to a
large variety of multidisciplinary analysis
problems for aerospace applications.
Other application areas, such as automo-
tive, electronics, manufacturing and
MEMs design, are under development.

W Print Msq
& Post Msg
W Dump Core

Globals

Quiput

Working Directory

[/hosts/proton01 /proj /vcesd/agard_modal_analysis/fe

Command Line Arguments

The MDICE approach is to provide a
computing environment in which many
computer programs operate concur-
rently and cooperatively to solve a multi-
disciplinary problem. Execution of each
computer program is controlled by an
engineer via a graphical user interface
generated by MDICE (see figure). Once
running, these programs communicate
with each other and with MDICE via a
set of standard function calls. Like the
execution of each program, the man-
agement of the communications among
the application programs is fully con-
trolled by the user. MDICE takes care of
all data transformations necessary for
data exchange between dissimilar appli-
cations and disciplines.

Integration of a particular application
program into the environment is ac-
complished by making the application
MDICE-compliant rather
than writing the code to
communicate with a small
set of other, predetermined
programs. An MDICE-com-
pliant application program
can run under the control
of MDICE and communi-
cate with any other MDICE-
compliant application pro-
gram.

The use of MDICE makes
it possible to avoid the need
for a giant, monolithic code
that one might otherwise
attempt to develop to pro-
vide all the services needed
in a given situation. Such
large programs are difficult
to develop and maintain
and, by their very nature,
tend not to be up to date.
The MDICE approach both
accommodates and relies
upon the reuse of previ-
ously developed codes that
have been validated and
have a high level of end-
user familiarity.

The MDICE environ-

The Application Control Panel is a graphical user interface for setting up and controlling a computational simulation.
Through this interactive display, a user can select an application program, select the computer on which the applica-
tion program is to be run, specify a directory in which the program is to be run, and specify any command-line argu-
ments that might be required by the program.
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ment enables flexibility in
that one can readily ex-
change one application
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program for another; thus, each engi-
neer can select and apply the software
best suited to the task at hand. Efficiency
is achieved by use of parallel, distributed
computing architectures utilizing het-
erogeneous software and hardware. Ex-
tensibility is achieved by providing for
the addition of new application pro-
grams without modifying or deleting ap-
plication programs that have already
been integrated into the environment.
A large number of engineering analysis
programs from a variety of disciplines and
sources have been integrated with MDICE.
Examples for CAD are CFD-GEOM
(CFDRC), Unigraphics (Unigraphics Solu-

tions), and Pro/ENGINEER (Parametric
Technology Corporation). CFD applica-
tions include CFD-ACE, CFD-ACE+, CFD-
FASTRAN (all CFDRC), NPARC, ADPAC,
CORSAIR (NASA Glenn), Cobalt, ENS3D-
AE (AFRL), CGNSfv (Northrop Grum-
man), Splitflow (Lockheed Martin), and
others. Structural analysis codes include
FEMSTRESS (CFDRC), NASTRAN (Mac-
Neal Schwendler Corp.), and ANSYS
(Ansys Inc.).

Typical applications include multifi-
delity, multidimensionality, and multi-
component CFD analysis, fluid-structure
interaction, parametric geometry and
analysis, active controls, and in general

any application involving moving and
deforming  computational grids.
Planned applications include optimiza-
tion, aero-servo-elasticity, and aero-ther-
mal-elasticity.

This work was done by Charles Lawrence
of Glenn Research Center; Vincent J. Har-
rand, Gerry Kingsley, and John M. Siegel of
CFD Research Corp.; and Joel J. Luker of the
Air Force Research Laboratory. For further in-
Jformation, visit CFDRC’s MDICE website at
www.cfdrc.com or access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Information
Sciences category.

LEW-16830

¢3 Electronic Storage and Retrieval of Engineering Documents

Drawings can be retrieved from a remote central site, manipulated, and printed locally.

John E. Kennedy Space Center, Florida

The KSC Electronic Documentation
System (KEDS) is a computer-intranet
system at Kennedy Space Center (KSC)
for the storage and retrieval of engineer-
ing drawings and other engineering doc-
uments that have been officially released.
Prior to the development of the KEDS,
microfilm copies of engineering docu-
ments were stored in an archive at the

Engineering Document Center (EDC) in
the KSC headquarters building; engi-
neers and drafters had to travel from re-
mote sites to the EDC to view microfilm
images of drawings, and the cost of ful-
filling requests for documents (including
printing paper copies) was considerable.

The KEDS makes it possible for cus-
tomers at remote locations equipped

newer and
better ways of
attaining air and
space superiority
on the horizon, like
the F-22 Raptor and
Eurofighter Typhoon, our
allied forces continue to
maintain a keen edge over
adversaries. Now, in the 21st
century, fiber optic technology will
make it possible to find, track and target

anything that moves on the Earth’s surface—
critical for the expeditionary aerospace force.

RIFOCS manufactures fiber optic test equipment and com-
ponents for the communications and military/aerospace industries.
Whether it’s for land, sea, air or space, RIFOCS is an ISO9001 and
MIL-1-45208A certified full-service provider with a proven track record.

shop online @ www.rifocs.com

RIFOCS Corp. INT+1-805-389-9800 « Fax. INT+1-805-389-9808 L
sales@rifocs.com * www.rifocs.com
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with personal computers running any
Windows operating system to retrieve
the documents via the World Wide Web
(WWW), view the documents, and gen-
erate paper copies on their own com-
puter printers. Microfilm copies of doc-
uments are mounted on Hollerith
aperture cards that are punched with
data that identify the documents. The
aperture cards are then scanned to digi-
tize the images and the resulting image
data are stored on a scan-server com-
puter. Once a document has thus been
scanned into the KEDS, there is no fur-
ther need to handle either the original
paper copy or a microfilm copy other
than to place it in the archive. There-
after, requests for the document copies
can be fulfilled from the scanned, digi-
tized version of the document.

The KEDS document data are eventu-
ally transferred from the scan-server to a
file-server computer, where they are
stored in a read-only format. The file
server is a DEC VAX computer located
within KSC’s Internet “firewall,” which
allows access by KSC personnel and
other authorized customers only. The
KEDS utilizes the standard Transmission
Control Protocol/Internet Protocol
(TCP/IP) for efficient transfer of elec-
tronic requests from, and images to, cus-
tomers’ personal computers. An applica-
tion program for viewing KEDS scanned
images was developed by, among other
things, incorporating a commercial
viewer program, with suitable regard for
licensing requirements. The KEDS
WWW home page provides a fully auto-
mated software-download feature, elimi-
nating the need for costly technical-sup-
port visits to customer sites.

NASA Tech Briefs, October 2000
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A customer can gain access to the
KEDS through any standard WWW
browser program. Once the KEDS home
page is displayed on a customer’s com-
puter screen, the customer can obtain
instructions for downloading and con-
figuring the KEDS viewer software. The
KEDS server gathers identifying infor-
mation entered by the customer via a
download-request page; this informa-
tion is stored in a data base. Once the
customer has downloaded and config-
ured the viewer software, the customer
types in a number that identifies a pack-
age of engineering documents; in re-

sponse, a list of available drawings
and/or other documents is displayed.
When the user selects the drawing sheet
or other document from the list, the
viewer software is invoked automatically.

The user software provides options for
panning, zooming, rotating, printing,
and cut-and-paste operations on a dis-
played KEDS image. By use of the cut-
and-paste option, the image can be in-
serted easily into documents produced
by other Windows-based application
programs, including spreadsheet and
word-processing programs. The stan-
dard Windows printer-interface forms

can be used for local and/or networked
printing of any view of a drawing.

This work was done by Donna L. Pancho,
Richard Hall, and Dale L. Hirchert formerly
of EG&G Florida, Inc., for Kennedy Space
Center. For further information, access the
Technical Support Package (TSP) free on-line
at www.nasatech.com under the Information
Sciences category.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to the Technology Programs and Commercial-
ization Office, Kennedy Space Center, (407)
867-6373. Refer to KSC-11958.

3 Software Assists in the Development of Optimization Models

This program automates much of the model-development process.

John E. Kennedy Space Center, Florida

Optimization Modeling Assistant
(OMA) is an expert-system computer
program that assists its users in the de-
velopment of mathematical and algo-
rithmic models for optimization. As
used here, “optimization” refers to a
suite of powerful decision-support tech-
niques that enable the modeling of any
decision-making environment in terms
of the objectives, the decisions that po-
tentially influence the objectives, and a
set of constraints that bind the deci-
sions. Optimization analysis helps deci-
sion makers in identifying decisions
that optimize their objectives. Do-
mains in which optimization modeling
are applied include real-time schedul-
ing, logistics, planning, and financial
management.

Unfortunately, difficulties inherent in
the construction of optimization models
have prevented the realization of the full
potential of optimization modeling in
these and other domains. These difficul-
ties include the following:

* Often, optimization models for a given
domain address aspects of the domain
that are invisible to casual observers.

* Optimization analysis is expensive be-
cause it demands highly specialized
skills. A major hurdle is that domain
experts are typically not expert in the
techniques of optimization, and vice
versa.

® Because of a lack of a comprehensive
decision-support software environ-
ment, optimization-based decision-
support systems typically depend on
building custom solutions for different
domain situations. It is often necessary
to redesign such a system as the envi-
ronment evolves or the requirements
change.

34

OMA (see figure) helps to overcome
the difficulties by utilizing knowledge-
based-systems techniques to automate
much of the model-design process.
Though OMA can be used by itself, it is
designed to be integrated into a more
comprehensive decision-support soft-
ware environment. OMA assists users in
developing structured optimization
models from possibly unstructured do-
main descriptions. The intended users
of OMA include both domain experts
and optimization experts who lack ex-
pertise in each others’ specialties.

OMA reuses domain models to auto-
matically generate optimization models.
Domain models can be process models
or ontology models. In a given applica-
tion, OMA guides its user(s) through a
step-by-step process, according to a struc-
tured methodology, to generate relevant
and solvable optimization models from
structured domain models. OMA ex-

tracts, from both the user(s) and the do-

main models, the information (e.g.,

goals and parameters) necessary for gen-

erating optimization models. OMA then
automatically generates and validates the
optimization models for the application.

The results of the validation subprocess

can be used to identify information miss-

ing from the optimization models, to
identify unsatisfiable constraints, and to
identify circular definitions.

The main benefits of using OMA in-
clude the following:

* Improved automated support for cap-
turing domain-expert descriptions of
systems, situations, and problems;

¢ Increased productivity in the selection
of optimization techniques and in the
design and execution of optimization
models;

* Enhanced communication between
domain experts and optimization ana-
lysts; and

ACQUISITION OF KNOWLEDGE

OPTIMIZATION MODELING

The Conceptual Architecture of OMA accommodates two distinct processes — acquisition of knowl-
edge and optimization modeling. The architecture is modular, so that OMA can evolve and be inte-

grated with other decision-support software tools.

www.nasatech.com
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* Reduced dependence on optimization
experts to design and use optimization
models for decision-support activities.

This work was done by Perakath C. Ben-
jamin, Satheesh Ramachandran, and

Madhav Erraguntla of Knowledge Based

Systems, Inc., for Kennedy Space Center.

For further information, access the Techni-

cal Support Package (TSP) free on-line at

www.nasatech.com under the Information

Sciences category.

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

Perakath Benjamin

Knowledge Based Systems, Inc.

1408 University Drive East

College Station, TX 77840

Refer to KSC-12135, volume and number
of this NASA Tech Briefs issue, and the
page number.

3 Interface Program for Generation of

Computational Grids

Marshall Space Flight Center, Alabama

Computer Aided Grid Interface
(CAGI) is a computer program that serves
as an interface between computer-aided
design/computer-aided manufacturing
(CAD/CAM) programs and computa-
tional fluid dynamics (CFD) programs.
CAGI reads Initial Graphics Exchange
Specification (IGES) files from CAD/
CAM programs and converts from
CAD/CAM geometries to nonuniform ra-

tional B-splice (NURBS) surfaces to be
manipulated or written out in forms ap-
propriate for generation of grids for CFD.

This work was done by Tzuyi Robert Yu
and Bahrat Soni of Mississippi State Univer-
sity for Marshall Space Flight Center. For
[further information, contact Larry Gagliano,
MSFC Software Release Authority, at (256)
544-7175 or larry.gagliano@msfc.nasa.gov.
MFS-31302

% Software Predicts Impacts of Orbital

Debris on Spacecraft

This program performs impact simulations faster than do

conventional hydrocodes.

Lyndon B. Johnson Space Center, Houston, Texas

The EXOS computer program numeri-
cally simulates impacts of orbital debris on
spacecraft. EXOS can be used to simulate
meteoroid- and orbital-debris-impact
damage to commercial satellites, and to
simulate effects of weapons on personal
and vehicular protection systems. With
further development, the simulation tech-
nique employed in the EXOS package
could be adapted for use in structural ap-
plications; for example, to simulate
crashes in evaluating designs of vehicles.

EXOS includes a preprocessor sub-
program, an analysis code, and a simple
rezoner subprogram, for use in simulat-
ing large-strain thermoelastic-plastic
continuum dynamics, including contact-
impact effects. Commercial graphics
codes are used to postprocess simulation
data. EXOS implements a hybrid parti-
cle/finite-element method and is an al-
ternative to prior Lagrangian, Eulerian,
and particle-based impact codes.

In the present method, Hamilton’s
equations are applied to a system of trans-
lating, deforming, and thermomechani-

NASA Tech Briefs, October 2000

cally interacting physical particles, to ob-
tain a three-dimensional hydrodynamical
model for shock-physics simulations. The
method is energy-based and, hence, sim-
ple to formulate, with no need to consider
continuum balance laws, interpolation
functions, or weighted-residual solution
techniques. Inasmuch as equations of par-
ticle kinematics, energy functions, and
constraints are fully Lagrangian in form,
the method makes it possible to avoid the
diffusion problems typically associated
with interpolation on space-fixed meshes
and the stability problems observed in
some moving interpolations.

Although previous methods have in-
volved limited use of entropy states, total-
entropy variables appear in this method
as generalized coordinates for the parti-
cles, subject to nonholonomic thermal
constraints that describe conduction of
heat and dissipation of energy. Addi-
tional nonholonomic constraints on the
particle coordinates and deformation
gradients are introduced to represent
mechanical interaction of the particles;

www.nasatech.com
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this approach makes it possible to avoid
the introduction of essentially Eulerian
potential-energy functions or the remap-
ping of data between the particles and a
grid to quantify collision forces. Finally,
the use of a fully Lagrangian frame of ref-
erence means that no mixing or partial

pressures are needed to represent the
multimaterial case.

EXOS is a three-dimensional imple-
mentation of the aforementioned particle
method with an extension to include a fi-
nite-element-based description of materi-
alstrength effects, suitable for use in the

Immediately Before Impact

. Shortly After Impact
Y
EFP
0.8200 z
0.7321

Long After Impact

These Images Are Results of a Computational Simulation of hypervelocity impact of an aluminum

sphere on an aluminum plate.
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simulation of hypervelocity impacts. In
comparison with conventional contin-
uum hydrocodes that have been used pre-
viously to solve orbital-debris-impact prob-
lems, EXOS is faster and more robust.
Although numerous codes have been
used in the past to simulate impacts of me-
teoroids and debris on spacecraft shields,
in general they have proven very difficult
to apply to three-dimensional simulations.

The figure presents selected results
from an EXOS simulation of the impact
of an aluminum sphere of diameter 0.953
cm on an aluminum plate of thickness
0.1143 cm at a speed of 6.56 km/s and an
angle of 45°. The first image depicts the
situation immediately before impact, the
second image shows the situation 6.6 ps
after impact, and the third image shows
the resulting hole in the plate. The color
contours depict accumulated plastic
strain. The results of simulation have
been found to be in substantial agree-
ment with a radiograph taken in an ex-
periment that corresponds to the simula-
tion and that was reported in NASA
Contractor Report 4707 (by A. ]J. Pieku-
towski, dated February 1996).

Johnson Space Center is working
closely with the University of Texas to val-
idate the use of EXOS in predicting the
results of hypervelocity impacts on space-
craft shields. In the course of this verifi-
cation process, EXOS has been modified
and improved. The verification process
was continuing at the time of reporting
the information for this article.

Johnson Space Center is taking advan-
tage of the stability and speed of EXOS to
perform shield-impact simulations at its
Hypervelocity Impact Technology Facility.
Other agencies and companies involved in
effects of hypervelocity impacts and pro-
tection of spacecraft could benefit from
this code. With further development, its
range of applications could be expanded.

This work was done by Eric P. Fahrenthold
of the University of Texas at Austin for John-
son Space Center. Further information is
available in the article, “Hamiltonian Parti-
cle Hydrodynamics,” by E. P. Fahrenthold and
J- C. Koo, published in the journal Computer
Methods in Applied Mechanics and Engineer-
ing, Volume 146 (1997), pp. 43-52.

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

Eric P. Fahrenthold, Professor

Dept. of Mechanical Engineering

University of Texas

Mail Code C2200

26th Street and San Jacinto

Austin, TX 78712

Refer to MSC-22979, volume and number
of this NASA Tech Briefs issue, and the
page number.
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There are easier decisions than choosing this waveform generator. But not many. Not when, at such low

cost, you can get an 80 MHz waveform generator that can produce standard waveforms, arbitrary wave-
forms and pulses. That has sweep, burst, modulation and external clock reference. And comes from
Agilent Technologies.

It's the Agilent 33250A Function/Arbitrary Waveform Generator. Now in one instrument, you have all
the flexibility you need to complete your design. Along with an easy-to-use graphical color display/inter-
face and built-in help system. Should you ever require it, you also have the help of another engineer, just
by calling our toll-free number.

For more information on the Agilent 33250A, you can call for a data sheet. Or visit our web site for an
interactive overview. With nearly double the performance and the same price as its nearest competitor,
it's one waveform generator you shouldn’t have to think twice about.

- Agilent Technologies
“*" Innovating the HP Way

©2000 Agilent Technologies ADEP3466013/NT *U.S. list price. * *In Canada, call 1-877-894-4414, Ext. 7157.
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@ Special Coverage: CAD/CAE/PDM

Algor, Inc., Pittsburgh, PA,
has released PV/Designer
pressure vessel design soft-
ware that can be added to
any Algor software package.
It generates FEA models for
pressure vessel and piping
component analysis, enab-
ling users to generate com-

el mon intersecting piping or
cylindrical structures. Models can be exported as a trimmed-
surface IGES file.

The software features pop-up windows such as the Geometry
Definition screen, in which the analyst can generate an entire pipe
with a single intersecting cylinder or individual angular segments.
The segments can be pieced together with other generated models in
a CAD solid modeler. All settings are automatically saved so different
variations of a component can be created, altered, and analyzed for
what-if scenarios. Other features include the capability to place
flanges at ends of segments, and reinforcing pads at the intersections.

For More Information Circle No. 711

Upperspace Corp., Pryor,
OK, has released Design-
CAD 3000 2D/3D CAD
software, which provides
2D drafting and 3D model-
ing capabilities. The pro-
gram features shading and
rendering, with textures,
texture-mapping, multiple
independent light sources,
and 3D animation. Draw-
ings can be imported from and exported to a variety of graphic file
formats. With VRML output, users can place a 3D model on web
pages and allow others to view, rotate, and animate the drawing with
a web browser.

The program’s 3D modeling capabilities include solid subtraction,
union, intersection, and interference checking. Solids can be created
using linear extrusion, circular sweep, and patches. The software also
supports multiple views of multiple files and is compatible with
Windows 95/98/NT /2000.

For More Information Circle No. 707

MSC.Enterprise Mvision
web-based engineering
data software from
MSC.Software Corp., Los
Angeles, CA, is a client-
server software that
enables users to retrieve a
variety of engineering
information for use with
CAD/CAE programs via a
standard laptop or PC
and phone-line connec-
tion. The database product is part of the MSC.visuaINASTRAN
environment with web-based access that allows engineers to per-
form graph creation and manipulation, and create custom-format-
ted input data for analysis programs.

Applications include management of loads, CAE and damage-
repair data, and publishing of searchable data on standard parts.
Users can apply a variety of search mechanisms, as well as retrieve tex-
tual, graphical, numerical, or image data.

For More Information Circle No. 706

The MathWorks, Natick,
MA, has introduced
Stateflow® 3.0 and
Stateflow Coder 3.0 logic
design software for con-
trol and DSP engineers
and embedded systems
designers. Stateflow 3.0
allows users to incorpo-
rate temporal logic con-
2 7 ] ditions into complex,
event-driven embedded systems. Both programs employ an event-
scheduling mechanism for code generation of event-driven systems.
An additional enhancement is the ability to define functions using
flow graphs.

Enhancements enable engineers to automatically generate high-
structured, readable code. Other features include temporal condi-
tions that express the time-dependent behavior of the systems, and
full-featured subcharts. Both programs are available for Windows and
UNIX platforms.

For More Information Circle No. 709

Design-Expert 6.0 design of
experiments software from Stat-
Ease, Minneapolis, MN, allows
users to screen for vital factors,
locate ideal process settings, and
discover optimal product formu-
lations. The release offers
expanded design and analysis
capabilities for mixture, process,
and/or categorical factors. It
also features six tools for gener-
ating and graphing propagation
of error (POE).

The software includes a con-
text-sensitive help system to sim-
plify interpretation, and interactive graphics and plots to make
response visualization easy. Optimization features allow users to max-
imize desirability for dozens of responses simultaneously.

For More Information Circle No. 708

EMbassy Works wire harness
design software from Linius
Technologies, Westborough,
MA, allows electromechanical
assembly engineers to design
and document wire harness
and cable systems within the
SolidWorks 3D CAD environ-
ment. It features harness path
definition that enables effi-

: cient layout of harness and
cable paths. Automatic calculauons provide wire length and bundle
diameter data in a format that is continually updated whenever the
design changes.

By using Wire List Import capabilities, wires are automatically cre-
ated by importing a configurable ASCII from/to list, or may be added
or changed manually. EMbassy Works also includes manufacturing
and back-end functions, like the optional EM~Nailboard and
EM~Report modules to streamline the creation of manufacturing
documentation.

AT

For More Information Circle No. 710
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MSC.visualNastran Office 2Go arrives pre-installed on
your new computer. It's a complete package that includes
solid CAD, motion analysis, and simulation capability. Now

you can simulate hassle free anywhere you want 2Go.

www.mscsoftware.com/offers or call 1.800.642.7437 x2500.
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Electronic Components and Systems

A far-infrared signal is generated by the heterodyne method.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The figure schematically depicts a het-
erodyne photonic apparatus built around
three continuous-wave, near-infrared
diode lasers. This apparatus generates
electromagnetic radiation at an ad-
justable, precisely defined frequency in
the terahertz range. The spectral width of
the signal is less than about 1 MHz. The
apparatus could serve as a prototype of
tunable far-infrared sources and hetero-
dyne up- and down-converters for fiber-
optic communication systems and for test-

ing infrared systems in general. Other po-
tential uses lie in infrared spectroscopy
for remote sensing and in research on
low-energy light/matter interactions.

The three diode lasers operate at wave-
lengths near 850 nm. Each diode laser is
packaged with a collimating lens, a reso-
nant-cavity assembly tunable in length
(and thus in frequency) by means of a
piezoelectric transducer (PZT), and other
optics to circularize and couple the laser
output to an optical fiber. All the optical

€ Tunable Terahertz Source Based on Near-Infrared Diode Lasers

components, including the optical fibers,
are polarization-maintaining.

The three diode lasers are parts of a
master-oscillator subsystem that generates
two laser beams at different wavelengths
near 850 nm. These beams are used for
two-frequency injection seeding of a sin-
gle semiconductor tapered optical ampli-
fier. The output of the amplifier is fed to
a photomixer, wherein the final output
terahertz signal is generated. Thus, the
overall photonic system can be character-
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This Tunable Heterodyne Photonic Apparatus generates a spectrally narrow signal at precise frequency in the terahertz range.
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ized as a photomixer pumped by a pho-
tonic master-oscillator/power-amplifier
(MOPA) subsystem. Typically, the system
is operated at a power-amplifier output
power level of 30 mW, yielding a terahertz
output power of =0.1 pW. At present, the
output level must be limited to prevent
thermal failure of the photomixer; if this
limitation could be overcome, then the
power amplifier could be operated at its
maximum output level of 500 mW, mak-
ing it possible to generate about 10 pW of
terahertz output.

The frequencies of lasers 1 and 2 are
controlled by locking them to different
longitudinal modes of a reference cavity

in the form of an ultra-low-expansion
(ULE) Fabry-Perot etalon. This is accom-
plished by the Pound-Drever-Hall tech-
nique, which is a frequency-modulation/
optoelectronic feedback control tech-
nique for stabilizing the frequency of a
laser. The frequency modulation for this
purpose is effected through electro-opti-
cal modulators driven at frequencies of
120 and 80 MHz, respectively.

The difference frequency between
lasers 1 and 2 is discretely selectable in in-
crements equal to the free spectral range
(FSR) of the reference cavity (increments
of about 3 GHz). Laser 3 is heterodyne
phaseocked to laser 2, offset in fre-

True. EDT’s data

interface boards are
exceptionally fast. But when
years of planning and research
are at stake — not to mention
millions of dollars - speed is
only half the equation.
Scientific and technological
breakthroughs demand
dependable performance.

EDT masters the challenge
with products featuring simple
and practical designs.

Built to tough military
specifications, they

handle the most

advanced camera

This is rocket science...
So much rides on superior imaging.

Engineering Design Team, Inc.

1100 NW Compton Dr., Suite 306, Beaverton, Oregon 97006
Phone: 1-800-435-4320 ¢ Fax: (503) 690-1243
email: info@edt.com ¢ www.edt.com

specifications. And our latest
models come complete with
PCI/RCI fiber-optic interface for
flawless image transfer and total
flexibility in locating your
computer.

It isn’t rocket science when
it comes to selecting the best
interface cards. Contact EDT
today and see how our products
provide the extraordinary
performance your work
demands... with engineering
customer-support that
ensures seamless
integration
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quency by an amount established by a tun-
able microwave synthesizer that operates
in the frequency range of 3 to 6 GHz. The
difference frequency between the lasers 1
and 3 — the final output frequency in the
terahertz range — is the sum of the mi-
crowave offset frequency and an integer
multiple of the FSR of the reference cav-
ity. The microwave offset frequency is
locked to a reference source accurate to
within a fractional error <10, The accu-
racy of the final output frequency is de-
termined by the accuracy of measure-
ment of the FSR (within about +50 kHz)
and by any dc offset in the electrical por-
tions of the lock loops. The ULE material
in the reference cavity has a coefficient of
thermal expansion of -2 X 10 (°C), re-
sulting in frequency stability (with respect
to temperature) comparable to that sta-
bility of a good quartz reference oscillator
in a conventional microwave source.

This work was done by Herbert Pickett, John
Pearson, Serge Dubovitsky, Pin Chen, Geoff
Blake, and Shujii Matsura of Caltech 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
Components and Systems category.
NPO-20636

SHighly Efficient

Thermoelectric

Unicouples

Thermal-to-electric
conversion efficiencies as
large as 15 percent have been
predicted.

NASA’s Jet Propulsion Laboratory,
Pasadena, California

Advanced unicouples that contain
carefully tailored combinations of ther-
moelectric materials are being investi-
gated in an effort to develop thermo-
electric power generators that would
operate with relatively high energy-con-
version efficiencies between heat-source
temperatures of about 1,000 K and heat-
sink temperatures of about 300 K. [A
thermoelectric unicouple is a part of a
thermoelectric generator; a unicouple
comprises one electron-conduction (n-
type) leg and one hole-conduction (p-
type) leg thermally connected in paral-
lel and electrically connected in series.]
Thermoelectric generators have no
moving parts, are reliable, can operate
unattended in hostile environments,
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An Advanced Thermoelectric Unicouple is made of high-performance p- and n-type materials, each
positioned and dimensioned so that it is exposed to a temperature interval in which its thermoelec-
tric performance is maximized. The relative lengths of the segments shown here to scale are chosen
to obtain a predicted overall thermal-to-electrical energy-conversion efficiency of about 15 percent.
Fabrication and testing of the predicted prototype unicouple is in progress.

and are environmentally benign; be-
cause of these characteristics, they are
particularly attractive for extracting elec-
tric power from waste heat from such di-
verse sources as geothermal power
plants, industrial heat-generating
processes, and automobile exhausts.

To achieve high thermal-to-electric
energy-conversion efficiencies, it is de-
sirable to operate thermoelectric devices
over large temperature gradients and to
maximize the performances of the ther-
moelectric materials in the devices.
However, no single thermoelectric mate-
rial is suitable for maximizing the effi-
ciency over the entire range between the
contemplated source and sink tempera-
tures. Therefore, the approach taken in
designing the present advanced thermo-
electric unicouples involves the use of
different thermoelectric materials, each
of which exhibits optimum performance
in a different portion of the tempera-
ture range.

The figure schematically depicts a
thermoelectric unicouple of the present
type optimized for a source temperature
of 973 K and a sink temperature of 300
K. This unicouple is made of high-per-
formance thermoelectric materials, in-
cluding (1) previously known state-of-
the-art materials, (2) novel p-type alloys
based on Zn,Sbs and CeFe,Sb,, and (3)
novel n-type alloys based on CoSbs. Each
of the p and n legs comprises segments
of the various materials joined both ther-
mally and electrically in series.

In general, the relative positions and
lengths of the segments in each leg of a
unicouple like this one must be chosen,
taking account of the thermal conduc-

NASA Tech Briefs, October 2000

tivities of the materials, so that each seg-
ment is exposed to that portion of the
source-to-sink temperature range for
which the material of that segment ex-
hibits its maximum thermoelectric per-
formance. In addition, the ratio between
the cross sections of the n and p legs
must be chosen to optimize overall per-
formance in the face of differences be-
tween the thermal and electrical con-
ductivities in the two legs. To a first
approximation (ignoring contact resis-
tances and other relatively small effects),
the energy-conversion efficiency of the
unicouple depends on the ratios among
the lengths of the segments but not on
the overall length of the legs. However,
the overall electrical and thermal resis-
tances and the output electric power do
depend on the overall length of the legs.

This work was done by Thierry Caillat,
Alex Borshchevsky, Jeff Snyder Jean-Pierre
Fleurial, Andrew Zoltan, and Leslie Zoltan
of Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, access the
Technical Support Package (TSP) free on-line
at www.nasatech.com under the Electronic
Components and Systems category.

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
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Mail Stop 122-116

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240
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Test and Measurement

{®» Room-Temperature Infrared Instrument Detects Trace Gases

Times for measuring concentrations of gases can be as short as a few seconds.
Lyndon B. Johnson Space Center, Houston, Texas

A compact, portable, mid-infrared,
laser-based instrument that operates at
room temperature has been developed
for use in detecting trace concentra-
tions of CO or any of several other
gases in air. The instrument utilizes in-
frared absorption spectroscopy in a
sample cell which either holds an air
sample or is exposed to an airflow. The
laser beam that interrogates the cell is
formed by difference-frequency gener-
ation (DFG) in a bulk nonlinear opti-
cal medium excited by two laser beams.

The figure shows the optical layout
of the instrument. One of the laser in-
jection sources is a diode-pumped,
nonplanar, monolithic ring neody-
mium: yttrium aluminum garnet
(Nd:YAG) laser with 750-mW output
power at a wavelength of 1,064 nm. In
the terminology of nonlinear optics, it
is the ‘signal’ laser. Another injection
source is a 100-mW GaAlAs diode laser
that operates at a wavelength of 865

nm, commonly referred to as the
“pump.” The laser diode is packaged
with a thermistor, a thermoelectric
cooler, and a monitor photodiode.
This choice of lasers was motivated
primarily by their capability of reliable
single-frequency, low-noise operation
over long times in the presence of vi-
bration and of changes in temperature
and humidity.

The output of the diode laser is col-
limated by a multielement lens. Both
the diode laser and the lens are
mounted on fixtures that ensure pre-
cise long-term alignment with mini-
mum sensitivity to vibration. After col-
limation, the diode-laser beam
(pumping beam) passes through a
compact 40-dB isolator, then through a
half-wave plate, then through an
anamorphic prism pair, emerging as a
vertically polarized beam that is nearly
mode-matched to the signal laser beam
for efficient DFG.

The pump and signal beams are
combined by a dichroic beam splitter
and focused by a lens, at nearly normal
incidence, into the nonlinear optical
medium, which is an uncoated crystal
of periodically poled lithium niobate
(PPLN). The crystal is zcut and con-
tains eight strips with domain grating
periods ranging from 22.4 pm to 23.1
pm in 0.1-pm steps. For difference-fre-
quency mixing to produce an idler
beam at a wavelength of 4.6 pm, the op-
timum period was found to be 22.9 pm
at room temperature. The idler beam
is the one that is used to probe the sam-
ple cell.

The idler beam is collimated by an
uncoated CaF, lens, then separated
from the pump and signal beams by a
germanium filter. The idler beam is
then directed into the sample cell,
which is a multipass cell aligned for 92
passes between mirrors separated by 20
cm to obtain an effective path length of

i 65 cm i
Sample Cell /’4_’_%"‘"
= __——-E—‘ Paraboloidal
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This Instrument Measures the Mid-Infrared Absorption Spectrum of a trace gas in the sample cell. The concentration of the trace gas is then computed
from the measurement data.
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about 18 m. The multiple passes are
used to increase the measured optical
absorption by the trace gas of interest,
so that the trace-gas-measurement sig-
nal can substantially exceed detector
noise and optical interference. An off-
axis parabolic mirror collects the idler
beam at the output of the cell, and fo-
cuses it onto an HgCdTe photodetector
maintained at a temperature of —-65 °C
by a three-stage Peltier cooler. In the
output of the photodetector, absorp-
tion signals take the form of amplitude
modulation. The output of the detec-
tor is digitized by a data-acquisition
card that serves as an interface to a lap-

top computer. The card is also used to
control a small mechanical shutter to
block the signal beam for 10 seconds
every three minutes for taking “dark”
readings.

The spectroscopic information col-
lected by the computer consists of the
photodetector output voltage as a func-
tion the laser-frequency-control voltage
(the signal used to control the current
supplied to the diode laser and thereby
control the pump wavelength). A time
trace of the photodetector output volt-
age is a function of time averaged over
10 to 1,000 sweeps minus dark voltage.
The time trace can be converted to a
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wavelength trace, once the pump fre-
quency as a function of time is known.
Depending on the number of sweeps
used to generate the average, the spec-
trum can be updated at intervals that
range from 1 to 20 seconds. At any
point in the frequency scan, the con-
centration of the absorbing gas species
of interest can be calculated by apply-
ing the Beer-Lambert law.

The entire instrument including
power supplies and electronics is con-
tained in an aluminum case that mea-
sures 31 by 31 by 656 cm. The instru-
ment draws less than 50 W of electric
power and can be operated from car
batteries. The instrument has been
shown to be capable of detecting CO in
air at atmospheric pressure at mole
fractions as low as 100 parts per billion,
with a precision of 1 part per billion
and an accuracy of 0.6 percent at an av-
eraging time of 10 seconds. The use of
a diode laser equipped with an exter-
nal cavity could enable tuning over a
wave-number range of 700 cm™, mak-
ing it possible to detect several trace
gases, including N,O, CO,, SO,, Hy,CO,
and CH,.

This work was done by Konstantin P.
Petrov, Robert F. Curl, and Frank K. Tittel
of Rice University for Johnson Space Cen-
ter. For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com under the Test
and Measurement category.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive license
Jor its commercial development should be
addressed to the Patent Counsel, Johnson
Space Center, (281) 483-0837. Refer to
MSC-22864.

@®Personal Cabin

Pressure Alarm

Aircraft crewmembers would
be alerted to prevent hypoxia.

John F. Kennedy Space Center,
Florida

Compact instruments, similar in ap-
pearance to common personal pagers,
have been proposed for warning air-
craft crewmembers that cabin air pres-
sure has decreased to a potentially dan-
gerous level. An instrument of this
type, called a “personal cabin pressure
monitor and warning system”
(PCPMWS), implements a warning
protocol consistent with Federal Avia-
tion Administration (FAA) require-

NASA Tech Briefs, October 2000
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ments for commercial flight crews to
(1) use supplemental oxygen after a 30-
minute exposure to a cabin pressure al-
titude between 10,000 and 12,000 ft
(about 3,050 and 3,660 m), or (2) im-
mediately when the cabin pressure alti-
tude exceeds 12,000 ft. The PCPMWS
would provide both 10,000- and 12,000~
ft warnings. The elapsed time between
these two warning altitudes could also
serve as an indication of the rate of de-
compression, and thus of the urgency
of the situation.

A PCPMWS is a state-of-the-art sys-
tem which incorporates recent ad-
vances in sensors, low-power electronic
circuitry, and high-density packaging
of electronic circuitry. A production-
model would be small, robust, and
highly accurate. A PCPMWS contains a
battery, an internal temperature-com-
pensated pressure monitor, a micro-
processor, an audio alarm, a vibrating
alarm, and visual displays that would
include a flashing light-emitting diode
and a digital display or bar graph that
would indicate the current cabin pres-
sure altitude. The display would also
serve as an indicator of the condition
of the battery and functioning of the
system when a momentary “TEST” but-
ton was pressed. Because a PCPMWS is

a safety device, the user must depress
the power switch for several seconds in
order to power down the unit.

If a PCPMWS senses a cabin pressure
altitude above the 10,000-ft trigger
point, the audio, vibrating, and visual
alarms will temporarily activate and
start a 30-minute timer. If a pressure al-
titude between 10,000 and 12,000 ft is
detected for 30 minutes or more, or
immediately upon detection of a pres-
sure altitude of 12,000 ft or more, all
alarms will activate. A “TEMPORARY
ALARM RESET” button will silence the
alarms for 5 minutes. If the pressure
condition causing the alarm is still pre-
sent after the 5-minute period, the
alarms will again sound. The user can
configure the unit not to repeat the
alarms, if so desired. Since the supple-
mental oxygen rules for general-avia-
tion pilots are slightly different than
for commercial operators, the unit will
automatically select the applicable
pressure altitude trigger points when
the user selects the type of flight oper-
ation intended.

The PCPMWS is useful for both pres-
surized and nonpressurized aircraft op-
erations. The device would serve as a
reminder to the crew when supplemen-
tal oxygen is required for nonpressur-

ized aircraft, and serve as a warning
when the required safe cabin pressure
altitude has been compromised in a
pressurized aircraft. The main advan-
tages of a PCPMWS are its portability
and independence of other aircraft sys-
tems. Since the PCPMWS architecture
is microprocessor-based, pressure alti-
tude, temperature, and local pressure
indications can be displayed in any
convenient units of measure. Thus, it
could serve as a supplemental or emer-
gency pressure altimeter or pressure
monitor for a balloon, glider, or other
nonpressurized aircraft. The micro-
processor could also calculate the rate
of change of altitude, so that the
PCPMWS could also serve as a supple-
mental rate-of-climb indicator.

This work was done by Jan A. Zysko of
Kennedy Space Center. For further in-
formation, access the Technical Support
Package (TSP) free on-line at www.
nasatech.com under the Test and Measure-
ment category.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive license
for its commercial development should be ad-
dressed to the Technology Programs and Com-
mercialization Office, Kennedy Space Center;
(321) 867-6373. Refer to KSC-12168.
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A Tale of
Corrosion mm
Sealed
Connector

Bags

Cristel’s experience and subsequent analysis upon finding corrosion on

connectors in sealed storage bags supports a change to a military specification.

hose in the industry

know that connec-
tor component suppli-
ers at all levels follow
prescribed procedures
when manufacturing
electrical connectors.
These procedures af-
fect molding, plating,
epoxy formulation and
curing, wire manufac-
ture, assembly, testing,
and packaging and
storing. And for years
the procedures served
the industry without
incident.

But in 1997 Cristek
discovered sporadic
cases of corrosion in
M83513-style connec-
tors. In these cases,
the corrosion on the
electrical connectors
was found when the
prewired connector
assemblies were re-
moved from factory-
sealed bags. In all
such cases, the cor-
roded parts were ter-
minated to wire per
MIL-W-22759/33, the
insulation being ethyl-
ene-tetrafluoroethyl-
ene (ETFE).

It is ironic that even
with many controls
and requirements this

Ila

ﬂﬂ\xﬁg\‘ A KA,

Two electrical connectors with date codes 9614 (a) and 9615 (b). Both are nickel-plated alu-
minum shells with gold-plated copper contacts. Both were in original sealed bags until re-
moved in 1997. Both were built with components with the same lot numbers. The only differ-
ence is that 9614 was built with M22759/11 wire and 9615 with /33 wire. Note that the shell on
date code 9615 is visibly corroded while date code 9614’s is not.

A closeup of the cross section of corrosion salts on a gold-plated nickel-underplated copper
contact. The fluorine had attacked, reduced, and removed nickel from under the gold, creating
a nickel-fluoride salt on the contact surface.

www.nasatech.com

corrosion was caused
by wire insulation
which was compliant
with all military speci-
fications and passed
all requirements. The
usual reaction to cor-
rosion found on a wire
harness that has been
in storage for a while
would be to assume
that the part was pack-
aged or stored incor-
rectly, and that there
was an isolated conta-
mination  problem.
Historically, the solu-
tion has been to scrap
the product without
in-depth analysis.

When the problem
was first reported to
Cristek, more than 500
connector assemblies
dating from 1994 to
1997 were inspected
from finished-goods
stock. Sporadic corro-
sion was found on some
connectors, while oth-
ers with the same date
codes had no corro-
sion. The only factor
shared by corroded and
uncorroded connectors
was the presence of
M22759/33 wire.

Tests and analyses
were conducted to try

Electronics Tech Briefs, October 2000
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FIGURE 6

SEM/EDS GRAPH OF CORROSION ON CONTACT

to find the cause of the corrosion. Ad-
vanced research techniques, including ion
chromatography, scanning electron mi-
croscopy (SEM), and Fourier transform in-
frared (FTIR) analysis, were applied to ex-
amine the wire insulation, the epoxy, the
contacts and their plating, and finally the
packaging bags.

The results indicated that the wire insu-
lation was outgassing fluorine ions that at-
tacked most of the exposed metals and
plating on the connectors. Fluorine is a
very corrosive element in certain forms—
e.g., hydrofluoric acid—including simply
as ions.

In the process of this investigation,
Cristek discovered that the excess fluorides
and other volatiles could be greatly re-
duced by subjecting the wire to elevated
temperatures. Cristek implemented a
bake-out program for all assemblies with
[:; insulated wire before packaging. At first
this appeared to be a viable solution to the
outgassing problem. It was discovered,
however, that the process did not always
prevent the corrosion, and the bake-out
was discontinued early last year. Instead,
Cristek disqualified the wire manufacturer
whose wire was positively traced to the cor-

Liiue: 150
Deadtime: 0%
Surfa of torreled pon wabadt

it counks

Scanning electron microscopy (SEM) graph of the corrosion salts on the contact cross section. Ele-
ments present are carbon, oxygen, nickel, fluorine, aluminum, and silicon. Corrosion is assumed to

be nickel fluoride.

rosion in most cases.

Unfortunately, this move does not guar-
antee that some other wire manufacturer
will not change the “recipe” for its insula-

ONLINE CATALOG: www.rafhdwe.com
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tion and cause this or similar problems in the future. MIL-W-
22759 does not define or restrict the volatiles that can outgas
from wire insulation. Also, end users were not previously aware
that this wire insulation outgases appreciable amounts of po-
tentially reactive elements, such as fluoride, chloride, and sul-
fate. In fact the military aerospace industry has considered this
wire to be “bullet-proof” for a number of years.

Although the ETFE wire meets the MIL-W-22759 specifica-
tion, it may have excessive or nonpolymerized fluorides pre-
sent that, when trapped in close proximity to metal surfaces as
they were in the sealed poly bag, outgas at room temperatures.
Highly corrosive fluorides, such as hydrofluoric acid, will attack
metal surfaces and cause severe corrosion. It seems reasonable
to expect that the wire specification should address this poten-
tial problem and impose limitations on the allowable out-
gassing.

In reality there is no quick, reliable, cost-effective test for
corrosive outgassing of wire insulation. The end user has no
control over this problem, and no guarantee that any lot of
wire from any manufacturer will not outgas excessive corrosive
elements. It is also unknown how much outgassing would cause
problems like corrosion.

The optimum solution would be to change MIL-W-22759 to
define and limit corrosive outgassing. Cristek supports this ef-
fort to publicize the problem with this wire by sharing infor-
mation at symposia and technical meetings, by releasing a
GIDEP industry alert, and by publishing articles in trade jour-
nals such as this one. Cristek also supports the request that the
specification be changed.

For more information, contact the authors of this article, June
Cabourne, senior project manager (714-618-2008; e-mail:
Jjune@ceristek.com) or Cristi Cristich, president and CEO of
Cristek Interconnects (714-618-2001; fax: 714-535-4897; e-mail:
cristi@cristek.com); www.cristek.com.
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Microelectromechanical SPDT Sw1tches
With respect to isolation, insertion loss, and bandwidth, these would

surpass other RF switches.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Microelectromechanical single-pole,
double-throw (SPDT) switches with pre-
dominantly planar configurations have
been proposed for use in radio-fre-
quency (RF) circuits. These switches
would have overall dimensions of the
order of a few millimeters and would be
fabricated by micromachining tech-
niques compatible with those used to
fabricate microelectronic circuits; as
such, these switches would be attractive
for incorporation into inexpensive,
highly integrated electronic circuits.
Moreover, because of their fundamen-
tally electromechanical character and in
contradistinction to semiconductor
switches, these switches are expected to
exhibit minimal intermodulation distor-
tion and very low power dissipation.

The simplest switch of this type (see
Figure 1) would be an assembly of (1) a
T junction between an input signal path
and two output signal paths and (2) two
electrostatically actuated microscopic
reed contacts — one on each output
path — close to the junction. In a nor-
mal operational condition, one reed
contact would be closed (“on”) and the
other open (“off”). In this condition, the
switch would provide an excellent dc
and low-frequency block between the
input line and the “off” output line, and
an excellent conductive path between
the input line and the “on” output line.
However, as determined in a computa-
tional simulation, the isolation between
the input line and the “off” output line
at a frequency of 30 GHz would be only

about 28 dB — a level that is considered
mediocre in the industry.

The placement of a second reed con-
tact directly after the first on the output
lines would improve the isolation, but
only by about 15 dB across most of the
band from dc to the maximum design
frequency (e.g., 30 GHz). A much more
significant increase can be obtained by
placing that second contact at a quarter
wavelength of 30 GHz; this would yield an
improvement over the single contact case
of more than 30 dB across the entire band.

The increase in isolation at 30 GHz can
clearly be attributed to the impedance
transformation of the second-contact
open circuit to a short directly after the
first contact. However, the high isolation
across the rest of the band is the result of
the unique circuit created by the topol-
ogy. At frequencies between dc and the
maximum design frequency, the open-
circuited contacts and section of trans-
mission line between them act as two very
small capacitors in series with a low-pass
filter between them. This low pass filter
characteristic provides the high isolation
at the intermediate frequencies.

Following similar reasoning, one
could increase the isolation further by
placing a third set of contacts at a quar-
ter wavelength from the second contact
(see Figure 2). Yet rather than placing
the third contact at a quarter wavelength
of the maximum fundamental fre-
quency, if one desires to suppress second
harmonic leakage, both the second and
third contacts can be placed at a quarter

TOP VIEW OF SPDT SWITCH

77

MAGNIFIED VIEW A-A OF OPEN CONTACT

Output Line 2

Input Line I

Output Line 1

TOP VIEW WITH REEDS REMOVED TO SHOW
GAPS BETWEEN INPUT AND OUTPUT LINES

T

MAGNIFIED VIEW A-A OF CLOSED CONTACT

Figure 1. Microelectromechanical SPDT Switches configured generally like this one would offer ad-

vantages over semiconductor switches.
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wavelength of the second harmonic fre-
quency to achieve an ultra-broadband,
low-loss SPDT switch. This can be done
with minimal effect on the performance
at the fundamental frequency. For the
dc-to-30-GHz case, computer simula-
tions reveal 84 dB isolation at 30 GHz
and 68 dB at 60 GHz; insertion loss at 30
GHz is predicted to be about 0.5 dB.
This level of performance would exceed
any other known RF SPDT switch.

This work was done by Sam Valas of Cal-
tech for NASA’s Jet Propulsion Labora-
tory. For further information, access the
Technical Support Package (TSP) free on-line
at www.nasatech.com under the Electronic
Components and Systems category.

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-20663, volume and number
of this NASA Tech Briefs issue, and the
page number.

Output Line 2

Input Line

Output Line 1

Note: d = Quarter Wavelength at
Second Harmonic of
Maximum Design Frequency

Figure 2. Multiple Contacts at Properly De-
signed Intervals would provide superior isola-
tion between the input line and the “off”-side
output line.
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Reactl\;é-lon Etchmg of Smooth Vertical Walls in Slhcon

These walls are suitable for low-loss optical waveguides.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

An advanced technique of deep re-
active-ion etching (DRIE) has been de-
veloped for fabricating smooth vertical
walls in silicon wafers. These walls are
suitable for use as bounding surfaces of
optical waveguides in photonic and op-
toelectronic devices. The roughness of
a typical 8-pm-high vertical wall surface
of a waveguide made by this technique
is <20 nm; by keeping the roughness at

such a low level, one helps to ensure
that the waveguide is capable of low-
loss optical transmission.

The specific DRIE technique, de-
noted the “Bosch” technique, involves
repeated exposure of a photoresist-
masked silicon wafer to (1) an etchant
(SFs + C,F3 ) plasma in alternation with
a passivant (C,Fs) plasma. To ensure ver-
tical, smooth walls, it is necessary to in-

Wi

for anyone

who designs

for assembly.

Less is more.

Less parts, less assembly steps, less
assembly time — all yield more productivity
and more cost reductions. To achieve this,
designing for assembly (DFA) is critical.

PEM® products are made for DFA. Just
punch or drill a hole and press a PEM
fastener into place. PEM self-clinching
fasteners install permanently into thin
sheets. There are fewer parts and fewer
total pieces to handle during assembly
which translates into cost savings. We
also offer threadless and multi-function
fasteners to further meet your DFA needs.

These include SNAP-TOP®
(shown in photo above)
standoffs which eliminate
the need for screws,
locating pins for quick
alignment of mating
parts, P.C. board fasteners
and many others.

For automated installation, our line of
PEMSERTER® presses quickly install PEM
fasteners, further reducing assembly time.

For a complete PEM"calalog, call:

1-800-237-4736

v_'_ 1

|
s 4

Visit us on the Worldwide Web:
hitp://www.pemnet.com

Clinch it with PEM

FASTENERS & PRESSES

% 0
S &
©2000 PENN ENGINEERING * P.O. Box 1000 * Danboro, PA 18916-1000 -90
6a For More Information Circle No. 486

MATERIALS

vestigate, in detail, the effects of varia-
tions in all photoresist and DRIE
process parameters and then to exert
tight control over these parameters.
Among other things, this means that the
photoresist process parameters must be
chosen to obtain perpendicular pho-
toresist side walls. The power levels of
the plasma apparatus in the etching and
passivating steps, the durations of these
steps, the total number of etching-and-
passivating cycles, and the pressures and
rates of flow of the SFs and C,F; gases
must also be investigated in detail and
then controlled to obtain vertical walls
with low roughness.

Ranges of parameters that have been
investigated in a DRIE apparatus at
NASA’s Jet Propulsion Laboratory are
the following:

® Total process time — 10 to 30 minutes;

® Pressure — 5 to 40 millitorr (0.7 to

5 Pa)

® Durations of etching and passivating

steps — 4 to 10 seconds;

® Rate of flow of SFs gas during etch-

ing step — 100 to 180 standard cubic
centimeters per minute (sccm);

* Rate of flow of CsFsgas during etch-

ing step — 30 to 70 sccm;

® Platen power during etching step —

12to 16 W;
® Coil power during etching step —
575 to 650 W;

* Rate of flow of CsFs during passivat-

ing step — 90 to 140 sccm;

¢ Platen power during passivating step

—0to2W;
® Coil power during passivating step
— 575 to 650 W.

This work was done by Chi Wu, Stephen
Vargo, and Tasha Turner of Caltech for
NASA'’s Jet Propulsion Laboratory. For
Jfurther information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Materials
category.

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-20756, volume and number
of this NASA Tech Briefs issue, and the
page number.
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FABRICATION

Pondermotive forces from patterned laser beams are used to arrange

micron-sized particles.

Marshall Space Flight Center, Alabama

A developmental apparatus and
process for the fabrication of photonic
devices utilize intense, focused laser
light projected and/or diffracted in con-
trolled patterns. The apparatus and
process can be used in a microgravita-
tional environment to form microscopic
three-dimensional device structures
(e.g., filters or other periodic structures
with characteristic dimensions of the
order of a wavelength of light). The ap-
paratus and process could also be used
on Earth to fabricate devices with two-di-
mensional structures.

The apparatus is designed to gener-
ate and control the pondermotive ef-
fects of intense laser light on molecules
and other small particles. These effects
include radiation pressure and optical
trapping forces, and are accompanied
by secondary effects like dipole/dipole
interactions. The process exploits these
effects in order to arrange large num-
bers of such particles in patterns that
correspond to the microscopic pho-
tonic-device structures that one seeks to
fabricate.

The apparatus (see figure) includes a
compact laser that generates a high-
power-density beam, plus optics for ei-
ther focusing the beam to a spot of ad-
justable size or else forming the beam
into a desired pattern. The apparatus
also includes a sample cell wherein the
device is to be formed, external equip-
ment (not shown in the figure) that pro-
vides controlled flows of depositional
and fixative gases to the sample cell, mi-
croscopes fitted with video cameras for
monitoring what happens in the sample
cell, and three-dimensional (x,y,z) trans-
lation stages for the sample cell and for
the optical components.

If, for example, a device is to be de-
posited on a glass plate, then the process
begins with the preparation of a sample
cell made from that plate (which be-
comes the rear plate of the cell) plus a
second plate. The rear plate can be
treated to enhance the adhesion of par-
ticles that are to be deposited on it. The
two plates are separated by a small gap
and sealed together at their edges to
form the cell. A suspension of particles

(typically with sizes of the order of 1 pm)
is prepared and put into the cell. The
laser is focused into the cell from the
front side (in a gravitational field, this
must be the top side). The pondermo-
tive effects (plus gravitation, if any) push
the particles onto the rear plate and
arrange them in the desired pattern.

The process is not yet well defined. Pre-
liminary experimental data have shown
that crystallization in two-dimensional
patterns can be achieved by controlling
particle patterns as described above, but
motion of the suspending fluid tends to
disrupt the crystallization. Future devel-
opment efforts would have to address this
issue, plus the issue of fixation to make
the processed material more stable.

This work was done by Laurence Malley
and Sergei Krivoshlykov of ALTAIR Center,
LLC, for Marshall Space Flight Center.
For further information, contact the company
at altairctr@aol.com.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to the Patent Counsel, Marshall Space Flight
Center; (256) 544-0021. Refer to MFS-31360.

Gradient-Index-
of-Refraction
(GRIN) Lens

Optical Collimator
Fiber

Micropositioner—s-

Focusing Optics

Microscope

llluminator —

llluminator

Video Camera

C

Laser
Filter

Computer for Recording
and Processing Images

Video Camera

An Intense Patterned Laser Beam is made to pass through the sample cell, wherein microscopic particles are suspended in a fluid. The pondermotive forces
exerted by the laser beam on the particles arrange the particles in patterns corresponding to that of the beam.
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PE16 - Inductive Proximity Switch

ducts.com

B

pro

16mm Cube Switch
| Ideal for use in
| Office Machines, as
| Interlocks and as Limit Switches

sordon

e-mail: Sales@gordonproducts.com
phone: 800.315.9233

i fax: 203.775.1162

» GORDON

- @ Pro ted
67 Del Mar Dr. * Brookfield, CT 06804-2494

Send Literature Circle No. 446 Have Salesman Call Circle No. 447

SWAP ONE
FOR THREE

IN SWITCHING
POWER
OUTPUT
CAPACITORS

I
Type 330 is an ultra long life, radial-leaded aluminum
electrolytic capacitor that excels as a switching power
supply output capacitor, and as a UPS system battery
stiffening capacitor. Diameters up to 1", capacitance
to 33,000, ripple currents to 16 A, voltage to 250 V,
ESL of 12 to 16 nH. Its remarkable 10,000-hour load
life capability at 105°C is able to replace three or four
of the 12.5 mm diameter capacitors routinely at the
output of switching power supplies. Samples are
available. Cornell Dubilier, 140 Technology  Place,
Liberty, SC 29657; (864) 843-2277; Fax: (864) 843-3800;
cde@cornell-dubilier.com; www.cornell-dubilier.com

CORNELL
CDE DUBILIER

Your Source For Capacitor Solutions

For More Information Circle No. 487 or visit www.nasatech.com/487

Making Submicron
Features by Ion
Etching Through PMMA Masks

The proper choice of materials and process
parameters is critical to success.

NASA’s Jet Propulsion Laboratory,
Pasadena, California

FABRICATION

Experiments have shown that a substrate can be patterned
with submicron features by the following procedure:

1. Coat the substrate with a layer of poly(methyl methacrylate)
[PMMA], which will serve as an electron-beam resist to be
patterned into an etch mask.

2. Pattern the PMMA by electron-beam lithography.

3. Ion-etch through the PMMA to transfer the pattern to the
substrate.

The procedure has been used to fabricate a 600-nm-pitch
diffraction grating; it could also be used to form submicron
features on semiconductor and other devices.

Prior to the development of this procedure, it was known
that submicron features can be produced in a PMMA resist by
exposing it to an electron beam, then developing it. However,
the transfer of submicron features from a PMMA mask to a sub-
strate by either dry or wet etching had not been demonstrated.
As a result of the development of the present procedure, it is
now known that success in the transfer of submicron features
de'pends on the proper choice of the substrate material(s), the
thicknesses of the substrate and PMMA, the etching method,
and the etching conditions.

The substrate for the 600-nm-pitch grating was a 100-nm-
thick gold film on a 5-nm-thick chromium layer on a quartz
disk; the Cr and Au films were deposited on the disk in an elec-
tron-beam evaporation system. A PMMA resist 120 nm thick
was spun onto the Au surface.

The 600-nm-pitch grating pattern was imparted to the
PMMA by use of an electron-beam lithography machine. The
electron-beam dose in the exposed regions was about 200
pC/cm2, and the beam current was 5 nA. Following the elec-
tron-beam exposure, the pattern in the resist was developed
by use of a 1:3 mixture of methyl isobutyl ketone and iso-
propyl alcohol.

The ion etching technique used to transfer the pattern to
the substrate could be characterized, more precisely, as
milling by a beam of argon ions. The etching was performed
in an argon-ion-milling system that included an ion-beam
source in a vacuum chamber that was capable of evacuation
to a base pressure of 4 x 10 torr (=5 pPa). During operation
of the ion-beam source, the pressure of argon in the system
was raised to 2 x 10~ torr (=0.03 Pa) by addition of argon gas
to the chamber at a controlled rate. This operating pressure
was chosen to be high enough to generate a sufficient popula-
tion of ions to obtain the desired beam current density, but not
so high that the beam would be excessively dispersed through
collisions with gas molecules.

The ion-beam-generating potential was 1.5 kV. The total
beam current was 10 mA. The beam was spread over a cross
section approximately 5 cm in diameter. The etching time was
about 2 minutes.

This work was done by Thomas George, Richard Muller, Paul
Maker, and David Barsic of Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, access the Technical Support Pack-
age (TSP) free on-line at www.nasatech.com under the Materials
category.

NPO-20649
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Scanning Probe

Subnanometer Precision

o -

.lt’bAsition Encoder Yields

TEST &
MEASUREMENT

A novel device measures position in real time.
NanoWave Inc., Billerica, Massachusetts

In today’s manufacturing world, the
need for ultraprecise position measure-
ment and control grows as feature sizes
shrink in the semiconductor industry and
the world of microelectromechanical sys-
tems (MEMS) impinges on conventional
manufacturing. Now NanoWave, a start-
up company with roots at MIT, has an-
nounced that its subnanometer precision
measurement technology is ready for li-
censing and commercialization.

The NanoWave scanning probe posi-
tion encoder (SPPE) will enable manu-
facturing equipment to move and be
controlled in real time at subnanometer
or atomic levels of precision, with the ca-
pability of reliable measurement over 12
inches of travel — a key requirement for
the semiconductor industry as it moves
to 300-mm wafer fabrication.

The SPPE comprises four primary
components: the head unit with oscillat-
ing scanning probe microscopy (SPM)
probe; the holographic grating or refer-
ence scale with a highly periodic signal
structure; the active gap-distance control
system; and the signal processing unit,
which measures position in real time, re-

liably and precisely, with NanoWave’s
patented phase-tracking system.

The sensor probe is oscillated with a
sub-quarter-micron amplitude at a con-
stant high frequency above the pat-
terned holographic grating, which has
an extremely small grating period (100-
278 nm). The probe senses the field
generated between its edge and the grat-
ing surface. This is amplified by a sensor
amplifier. Meanwhile the SPM probe os-
cillation is detected by an independent
sensor from which the reference signal
is synthesized. This output is mixed with
the SPM output, converting the position
information into a phase-modulated sig-
nal referenced by the synthesized signal.

The numerical phase-tracking detec-
tion method provides digital interpola-
tion simultaneously and yet allows an ac-
curate phase accumulation as the grating
scale moves in the X direction. Thus
highly repeatable and superfine-resolu-
tion position encoding becomes possible
in an ordinary atmospheric environment.

A line-patterned holographic grating
is used for applications requiring mea-
surement and control in the X and Z

Probe oscillation signal

axes. A dot-patterned grat-
ing is used for applica-

F Y tions requiring measure-
Sy ment and control in X, Y,
l and Z directions (Figure

I Scanning signal

Phase tracking
detector

1). When multiple probes
are placed above such

)

grating scale o B

Gap actuator
displacement

Position measurement results
in XY, Z direction

gratings, one can measure
the motion in up to six
axes with an atomic level
+ of precision in each axis
(Figure 2).

Among applications fore-

NanoWave scanning probe positioning encoder.

Figure 1. Schematic of the three-axis configuration of the

seen are semiconductor
chip positioning at 50-nm
rule, optical and DVD disk

Table top

\

actuation assembly /

Holographic grating scale  gppp heed
(three probe configuration)

\ actuation assembly

Re!erenbe frame

mastering, diamond turn-
ing of aspherics, and micro-
electromechanical systems
(MEMS).

This work was done by Dr.
Tetsuo Ohara, president and
CEO of NanoWave Inc. For
Sfurther information about li-
censing and commercializa-
tion of this technology, contact
Renee Buck at NanoWave, 20
Bankside Dr., Billerica, MA
01821; (978) 663-NANO
(6266); fax: (978) 663-9941;

\
Y motion linear bearing/

Figure 2. One application of the multiprobe SPPE in controlling

movement of a laboratory table.
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email: info@nanowave.com;
Www. nanowave.com.

www.nasatech.com

ELECTRICAL
CONDUCTIVE
ADHESIVES

Designed To Your
Specifications

MASTER BOND EP76M EPOXY

B High conductivity

B Thermal shock resistant

B Durable, high strength bonds

B Water and chemical resistant

B Convenient packaging

B Long storage
stability without
refrigeration

W Repairability A%

Call or write:
Master Bond Inc.
154 Hobart Street
Hackensack, NJ O7601

201-343-8983

Master Bond Inc.

Adhesives, Sealants & Coatings

NONDESTRUC-
TIVE HIGH-
TEMPERATURE
MATERIALS
TESTING

Mathis Instruments Ltd.’s TC Probe™, winner of a 1999
R&D 100 award, and Hot Disk™ are thermal property
testing instruments for R&D and QA/QC environ-
ments. Key features: rapid results in 30 seconds, direct
thermal conductivity 0.001-500 W/m-K & wide temper-
ature capabilities -250° C to 900" C. Key measurements
include thermal conductivity, diffusivity, effusivity, pene-
tration time, thermal inertia and heat capacity. Mathis
Instruments Ltd., 8 Garland Court, Fredericton, New
Brunswick, Canada E3B 6C2. Tel: (506) 457-1515; fax:
(506) 462-7210; e-mail: info@MathisInstruments.com
or visit our Website at www.MathisInstruments.com.
Mathis Instruments Ltd.

For More Information Circle No. 581

ELECTRONIC
COMPONENTS
DISTRIBUTOR

Mouser Electronics features its new
catalog with 107,000+ electronic
products including semiconduc-
- tors, passive components, electro-
™1 mechanical devices, wire/cable con-
nectors, potentiometers, power supplies, and much more.
These products are provided by 200+ leading suppliers in-
cluding 3M, AMP, Amphenol, Kemet, Seiko, STMicro-
electronics, Spectrol, and Vishay. View, subscribe, or down-
load our complete catalog at www.mouser.com. Secure
online ordering. Complete line card and much more.
Mouser Electronics (a TTI Inc. company), 958 N. Main St.,
Mansfield, TX 76063; (800) 346-6873; (817) 483-6828; fax:
(817) 483-6899; e-mail: catalog@mouser.com.
Mouser Electronics

For More Information Circle No. 582
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frequency measurement, data analysis, analog control, PID control, and communications.

For More Information Circle No. 750

Touchscreen Embedded Controller

Mosaic Industries, Newark, CA, offers the SmarTouch
Controller™, a C-programmable embedded com-
puter with a built-in graphical user interface. The
controller provides real-time control of dozens of
analog and digital I/O lines, and combines a high-
contrast 128 x 240 pixel display and a 5 x 4 touch-
screen. It commands eight 12-bit analog input chan-
nels, eight 8-bit analog inputs, eight 8-bit D/A lines,
24 digital 1/0, 4 high-currem drivers, and two RS
232/485 ports. Precoded 1/0 drivers facilitate data
acquisition, pulse width modulation, motor control,

Micropower
Operational
Amplifiers
The MCP6XX family of
four 2.5V micropower
operational amplifiers
- from Microchip Tech-
nology, Chandler, AZ, features a supply current of 25

P

microamperes maximum with a single supply opera-
tion over the 2.5 - to 5.5-V range and a low bias current
of one picoampere. The amplifiers offer offset voltage
of less than 250 pV and are available in single (model
MCP606), dual (model MCP608), quad (model
MCP609), and single with a chipselect capability
(model MCP607). All devices are fully specified from
—40° to 85 °C with power supplies from 2.5 Vto 5.5 V.

For More Information Circle No. 752

CompactPCl
CPU

The CP603 mod-
el Mobile Pent-
ium TI® - based
6U CompactPCI
CPU, from PEP
Modular Comput-
ers, Pittsburgh, PA, utilizes a Pentium III processor in
a 370-pin flipchip pin grid array package. Operating
at a clock speed of up to 850 MHz, the board features
a 64-bit CompactPCI interface, which permits data
transfer rates of up to 264 Mbytes/sec. The CPU
offers a high-definition AGP/VGA graphics con-
troller with 4 Mbytes of video RAM, two Fast Ethernet
interfaces, one Ultrawide SCSI interface, and a slot
for PMC mezzanine modules with 3.3-V capability.

For More Information Circle No. 755

USB
Connectors
Ranoda Elec-
tronics, Sunny-
vale, CA, an-
nounces its
line of Uni-
versal Serial Bus (USB) connectors, configured per
the “A” version of the standard. It offers four in-line
pins of brass or phosphor bronze, plated with nickel
and finished with a gold flash. Two pins are intend-
ed for power, and two for signals over twisted pairs.
The connectors feature a bandwidth of 12 Mbits/sec
or better. Ranoda says this performance level sup-
ports connectivity among high-performance person-
al computers, Internet service providers, and high-
speed data storage units.

For More Information Circle No. 758
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Process Display
The D5600 process
display series from
DigiTec, Lancaster,
PA, complements
level, position, pres-
sure, temperature,
or thickness transducers. It comes in a 2" high or
4"high red LED with a 5 - or 7 - digit resolution.
Operating from 95 to 265 VAC at 45 to 400 Hz, the
unit features 2 SPST relay outputs and RS422 com-
munication output, which is a continuous output at
1200 baud, ASCII format. The D5600 has two SPST
relay outputs and an RS422 communication output
standard, and an optional four-pushbutton program-
ming box.
For More Information Circle No. 753

Surface Mount
Inductor
Datatronics Romo-
land, Romoland,
CA, introduces the
DR339-X  Series
Inductors for DC-
DC converter and switching power supply applica-
tions. With an inductance range from 0.47 to 100
pH and a rated current from 19.0 to 0.47 A, the
inductor series is applicable for use in computers,
telecommunications, medical devices, and instru-
mentation. The DCR value is 0.0097 to 1.1090
ohms, and the series offers height profiles as small
as 0.197" and overall footprint profiles from 0.347"
% 0.237". Custom inductance valves are available on
quUCS[.

For More Information Circle No. 756

High-Precision
: \! [ 8 Gauges
bJ The 9530-NT Ultra-
= Gage® and 9505-NT

UltraGage™ from
ADE Corp., West-
wood, MA, measure 8,700 data points in less than 60
seconds. The company says this number of data
points provides the high precision required for mea-
suring thickness and shape and calculating stress.
The 9505-NT UltraGage characterizes thin-film
stress and wafer shape for patterned and monitor
wafers. It correlates with x-ray diffraction, the only
direct measure of thinfilm stress. The 9530-NT
applies ADE-industry standard metrology to back-
grind, etch, and lap processes that reduce wafer
thickness to as little as 150 p.
For More Information Circle No. 759

www.nasatech.com

Adapters for
SSOP Devices
Aries Electronics,
Frenchtown, NJ, in-
troduces its line of
Correct-A-Chip® a-
dapters which allow
new SSOP devices
to be used on boards designed for the older-tech-
nology SOWIC packages without board rework or
redesign. The SOWIC-t0-SSOP adapters are available
in a 20-pin version with other pin counts available in
the near future (14-, 16-, and 24-pin). The adapters
have an operating temperature range of -55 °C to
125 °C. Pins are hardened brass alloy with tin-lead
plating.

For More Information Circle No. 751

Embedded Vision
Engines

Imaging Technology,
Bedford, MA, offers
the NetSight™ embed-
ded vision engines, giv-
ing OEMs a choice of
development environ-
ments — from an operating system based on
Microsoft® Windows CE or Windows NT to a range
of machine vision software tools and applications,
including ITI's MVTools™, MVTools CE, SMART
Search™, and Sherlock™. The unit is designed for

use in automated semiconductor and electronics
manufacturing equipment, such as robotic wafer
sorter/handlers, cluster tools, wafer probes, and
back-end IC manufacturing equipment.

For More Information Circle No. 754

Thermal
Modeling
Software
Flomerics, Southbor-
ough, MA, releases
the FLO/EDA, a new
Web-based software product for the rapid creation of
thermal models of printed circuit boards. FLO/EDA
reads Intermediate Data Format data files, a format
supported by all major electronic design automation
software vendors, including Cadence, Mentor
Graphics, and Zuken-Redac. The IDF file contains
details of the board shape (including any cutouts or
unusual shapes) as well as component size and
placement. FLO/EDA matches each component
against a central database and adds the required
thermal information.

For More Information Circle No. 757

Air Conditioners

The Pro-Ozone air
conditioners  from
Rittal Corp., Spring-
field, OH, are offered
in two performance
classes — 8000 BTU
or 10,000 BTU, cool-
ing heat loads in the middle and upper levels of the
spectrum. All units are available with the same
dimensions (59" H x 15.75" W x 11.4" D), offering
users varying cooling capacities with a common

mounting cutout. The internal air cycle design con-
tains increased distance (max. 1200 mm) of air
intake and outlet. Standard rated operating voltages
are 230 V and 115 V single phase 50/60 Hz, and 400
V and 460 V 3-phase 50/60 Hz.

For More Information Circle No. 760
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>I Software

Software Predicts Noise From
Rotor-Wake/Stator Interactions

V072 is a computer program that predicts the noise gener-
ated by the interaction between the rotor-blade wake (fan
wake) and the stator vanes of a turbofan engine. The program
is a combination of subroutines from prior NASA programs,
with many added features.

Limits on aircraft noise near airports are becoming more
stringent. Noise associated with fans is a significant portion of
the noise that emanates from modern turbofan engines. In
order to reduce noise from fan stages, engineers rely on accu-
rate computer programs to predict noise from new blading
and duct designs. V072 is useful because it quickly predicts
inlet and aft sound-pressure and power levels.

In V072, the computation of noise is divided into two parts:
a rotor-wake calculation and the stator-noise-response calcula-
tion. First, VO72 uses a semiempirical mathematical model of a
wake to calculate the characteristics of the rotor wake at the
leading edge of the stator. The fan stage is modeled as a con-
stant-area annulus with the rotor blades and stator vanes rep-
resented as twisted flat plates. Empirical rotor-wake profiles are
superimposed on a two-dimensional, analytically calculated
mean flow. The wake model can be augmented by simple tip-
and hub-vortex models. Wake harmonic magnitudes and am-
plitudes are then calculated at the leading edge of the stator.

SEAL'MASTER
INFLATABLE SEALS

We invite your sealing problem questions
...we’ll offer fitting solutions!

RSVP

PROGRAM
==
Obtain this handy form
to identify and explain a
new application or an
old problem. Complete
form and send to us.
We'll respond with a
prompt recommendation
for a custom-built,
fabric-reinforced,
elastomeric inflatable
seal.

For a “Deucedly Clever” solution,
« send us your sealing problem.

Let us hear
from you

SEAL MASTER CORPORATION
today!

Infiatable seals and other custom rubber products

368 MARTINEL DRIVE, KENT, OH 44240-4368 USA
800.477.8436 * 330.673.8410 » FAX 330.673-8242
E-mail: info@sealmaster.com » www.sealmaster.com

50 For More Information Circle No. 425

The results from the wake-model calculation are then auto-
matically fed as input to an analytical noise-prediction routine.
More specifically, the unsteady flow predicted in the wake-
model calculation is used to calculate the total harmonic
power levels propagating upstream and downstream in the en-
gine duct. The noise-prediction routine calculates inlet and aft
sound-pressure and power levels for the blade-passage-fre-
quency tones and their harmonics, along with complex radial
mode amplitudes. The code can calculate the noise from ei-
ther a fan-wake/outlet-guide-vane interaction or a fan-
wake/core-stator interaction.

Although V072 is based partly on many simplifying assump-
tions about the fan geometry and the flow through the fan
stage, V072 is nevertheless a useful software tool for designing
to minimize fan noise. (The simplifications incorporated in
the code make it unsuitable for analyzing cases that involve
transonic or supersonic fan-tip speeds.) This program runs
quickly on modern Unix workstations, making it possible to
predict noise for many new designs in a timely manner, and
thereby reducing the number of experiments needed to prove
noise-reduction concepts.

This program was written by David Topol and Douglas C. Mathews
of United Technologies for Glenn Research Center For further in-
Jformation on this code, please wvisit the following web site:
http: //www.gre.nasa.gov/WWW/5900/5940.

Inquiries concerning rights for the commercial use of this invention
should be addressed to NASA Glenn Research Center, Commercial
Technology Office, Attn: Steve Fedor, Mail Stop 4-8, 21000 Brookpark
Road, Cleveland, Ohio 44135. Refer to LEW-17065.

€3 Software for Obtaining Ideal SAR Chirps

A computer program introduces a predistortion into the
chirp signal used to frequency-modulate a synthetic-aperture-
radar (SAR) signal at the transmitter. The predistortion is in-
tended to compensate for distortions introduced by nonideal
performance of the various pieces of SAR equipment — espe-
cially the transmitter. More specifically, the predistortion is in-
tended to make the signal in the receiver an ideal SAR signal
in that it exhibits optimum correlation performance. The pro-
gram is run as a calibration routine. It is used in conjunction
with a closed calibration loop that includes the SAR transmit-
ter and receiver, plus an arbitrary-waveform generator (AWG),
which generates the predistorted chirp under computer con-
trol. The program causes the AWG to adjust the predistorted
chirp iteratively until the chirp in the receiver differs from an
optimum or reference chirp by less than a prescribed small
measure of error. In a test in which a bad elliptical filter was
used to simulate (with respect to distortion) the transmitting
and receiving equipment of an SAR system, the program suc-
ceeded in generating a simulated receiver chirp within less
than 1 dB of optimum.

This program was written by Andrew Berkun 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 Software category.

This software is available for commercial licensing. Please contact
Don Hart of the California Institute of Technology at (818) 393-3425.
Refer to NPO-20420.
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Before You Buy FEA

Participate in the live software demonstration
and ask your questions in real time every week

or watch past demonstrations by visiting

www.éTechlLearning.com

Algor’s intera re demonstrations range in topics from * d
About FEA” to “Motion and Impact Using Algor's Mechanical Event Simulation vs. Motion
Load Transfer” to illustrate how Algor software meets your engineering needs.
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Watch Free, One-Hour, Live Software Demonstrations

What You See is
What You Get

The images shown here
were extracted from actual
webcast footage. The TV
quality you see here is the
same quality you will see
on your desktop computer
screen if you have a T1, DSL
or cable modem connec
tion, or you may request a
webcast on CD-ROM.

Weekly on Important FEA Topics

Join Algor weekly each Tuesday at 10 a.m. Eastern Time at www.é£TechLearning.com to learn
about Algor’s Finite Element Analysis and full Mechanical Event Simulation software and our

InCAD products for doing FEA within CAD. Viewers can phone or e-mail questions to be answered
by Algor engineers during the Webcast. Past demos are available on the same site on demand.

Schedule a Customized Software Demo
to See Why Algor Software is the Right Choice for You

Call your Algor representative today at +1 (412) 967 - 2700 to schedule your customized soft-

ware demonstration at www.éTechLearning.com. At your convenience, Algor engineers will
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@ Mechanics

& Interlocking Wing-Leading-Edge Thermal-Protection Tiles

These tiles are shaped to prevent damage at inter-tile gaps.
Ames Research Center, Moffett Field, California

Insulating tiles with interlocking shaped
gaps have been developed for use in pro-
tecting the leading edges of the wings of
aerospacecraft against excessive heating
during hypersonic flight (including re-
entry into the atmosphere). Other ther-
mal-protection systems have been studied
for this application, including those based
on active transpiration cooling and heat-

probability of using
these systems in the
near term on the
surfaces of commer-
cially operated re-
usable launch ve-
hicles is low.
Currently, the lead-
ing-edge surfaces

sink concepts. These systems have been on such vehicles as
described extensively in literature during  the space shuttle or-
the past thirty years and recently have biter and X-34 reus-
been proposed for use on two hypersonic able launch vehicle
vehicles: the National Aerospace Plane use reinforced car-
(NASP) and the Slender Hypervelocity  bon/carbon and/or
Aerothermodynamic Research Probe ceramic tiles with a
(SHARP). However, because these systems  straight gap config-
are very heavy and are expensive (millions  uration. In st

of dollars) to fabricate and to install, the  gap tile systems, itis (1,260 °C) in an arc-jet flow.

)\

Figure 1. Damage Occurred in the Gap of a model of a straight-gap pair of
tiles without filler that was subjected to a surface temperature of 2,300 °F
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Assembled Interlocking Tiles

Disassembled Interlocking Tiles (Modular Design)

Disassembled Interlocking Tiles (Wedge Design)

Assembled Interlocking Tiles (Modular Design) During Successful
Test in Arc Jet at Surface Temperature Near 2,400 °F

necessary to use gap
fillers to prevent hot
boundary-layer gases
from flowing through
the gaps and creating
what is known as noz-
zle flow. Because of
the limitations of the
materials available for
making gap fillers,
the straight gap con-
figuration is restricted
to temperatures no
more than about
2,000 °F (=1,090 °C).
Without a gap filler, the
high-energy bound-
ary-layer gases that are
generated along a
stagnation streamline
(leading edge) during
entry into the atmos-
phere would cause
major damage to ad-
joining tiles and
would cause over-
heating of the struc-
ture underlying the
tiles. Figure 1 shows
an example of dam-
age in the gap of a
model of a straight-

Figure 2. Interlocking Tiles, when properly shaped, are less vulnerable to damage in the gaps than are straight-gap tiles.
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gap pair of tiles with-
out filler.

The interlocking-tile concept (see Fig-
ure 2) was proposed to prevent damage
in the gaps between tiles. A suitable in-
terlock configuration divides a gap into
regions of subsonic and supersonic flow
regimes. The flow in the portion of the
gap in the area of the stagnation stream-
line is subsonic. The flows in the portions
of the gap in the outer portions of the
tile (these portions are called bleed
gaps) are in the supersonic regime of the
affected leading-edge component. This
concept substantially reduces the tem-
peratures down the side wall of the gap
by reducing the pressure drop through
the gap below a value that can generate
nozzle flow. Two patented configurations
of this type, called wedge and modular,
have been proposed for protecting the
leading edges of wings on commercial
aerospace vehicles. Tiles of these config-
urations have withstood arc-jet-flow tests
at surface temperatures above 2,800 °F
(greater than about 1,540 °C), without
incurring damage in their gaps.

This work was done by David A. Stewart
of Ames Research Center.

This invention has been patented by NASA
(U.S. Patent No. 5,772,154). Inquiries con-
cerning nonexclusive or exclusive license for its
commercial development should be addressed to
the Patent Counsel, Ames Research Center,
(650) 604-5104. Refer to ARC-14031.

NASA Tech Briefs, October 2000
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Manufacturing/Fabrication

E Glass Cure Plates for Fabricating Flat Composite Panels
Costs are lower than those of aluminum cure plates.
Goddard Space Flight Center, Greenbelt, Maryland

Glass plates are used as cure plates in
a modified process for the fabrication of
flat composite-material (matrix/fiber)
panels. In the unmodified previous ver-

sion of the process the cure plates were
made of aluminum.

A cure plate provides a smooth, flat
surface on which a polymer resin and re-

Vacuum Bag and Fitting, Sealed to Aluminum Plate

Aluminum Plate

inforcing carbon
fibers are laid up.
The layup is then
vacuum-bagged on
the cure plate, and
the polymer is cured
by heating the en-
tire assembly in an
autoclave.

To be useful as
cure plates, alu-
minum plates must
be machined and
polished to the re-
quired flatness and

Glass Plate

The Glass Plate provides the smooth surface needed to form a composite-

material panel.

smoothness. Both
the cost of materi-

{147 North Main Streel

{South Deerfield, MA 81575 USA
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iEmail: cases@hardigg.com
Hwww.hardigg.com
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1150 9001 Certified
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al and the cost of finishing are consid-
erable. In addition, because aluminum
is soft, it is easily scratched; hence,
when an aluminum cure plate is used
repeatedly, costly resurfacing is neces-
sary to maintain an acceptable cure
surface.

In the modified process, an aluminum
plate is used as a substrate for curing,
but no attempt is made to maintain its
surface finish. Instead, a glass plate is
simply laid on the aluminum plate, so
that the glass surface becomes the cure
surface. The glass plate should be at
least 1/4 in. (6.4 mm) thick, and the
glass should be of a tempered or heat-re-
sistant type.

A polymer resin and fibers are laid
up on the glass plate. A vacuum bag
that extends past the edges of the glass
plate is placed over the layup, and is
then sealed to the aluminum substrate
(see figure). Then the bag is evacu-
ated, and the resin is cured in the tra-
ditional way.

Glass cure plates offer several advan-
tages over aluminum ones:
® Glass plates as supplied by manufac-

turers are adequately flat and smooth;

no additional surface finishing is nec-
essary.

® The cost of a glass plate is only about 5
percent of the cost of an aluminum
plate of similar size and surface quality.

® Glass is expendable and can be re-
placed economically if damaged,
whereas aluminum must be resurfaced.

® Being harder than aluminum, glass is
less vulnerable to scratching and
gouging.

® The CTE (coefficient of thermal ex-
pansion) of glass matches the CTE of
composite materials more closely
than does the CTE of aluminum. The
cure cycle, therefore, subjects the
composite to less stress and risk of
damage.

This work was done by James E. Baker of
Goddard Space Flight Center. For further in-
Jformation, access the Technical Support Pack-
age (TSP) free online at www.nasatech.com
under the Manufacturing/Fabrication

category.
GSC-14040

NASA Tech Briefs, October 2000



‘\@ightySat Soarswith
L™ FTHSI‘and Nme Other

.
Cpé
S
g

Spectrum Astro is pleased to congratulate the U.S. Air Force Research

Laboratory on the flawless launch and continued good health of its
MightySat II.1 satellite. Since its picture-perfect launch on July 19,
2000, MightySat Il.1 has carried out all initial functions with a robust
performance that honors the exceptional efforts of the AFRL and

its many teammates: Luna, SEAKR, Kestrel, Orbital Sciences, SMC/TE, the Aerospace
Corporation, the Naval Research Laboratory, Composite Optics and Jackson & Tull. Together,
we’re breaking new ground by enabling the transition of some of the nation’s most
advanced technologies in imaging, communications and space control from the laboratory
to space flight operations. With innovative bus components that are lighter, smarter, and
more efficient than the current standards, and stand-alone experiments that include a
Fourier Transform Hyperspectral Imager, MightySat Il.1 ensures a high-payoff return for
this joint Defense Department Space Test Program and AFRL mission. What's more, this
space-based platform is flexible enough to deliver the technological edge again and again
over the course of the MightySat Il multi-mission program. Reliably and affordably. And
with performance that is worthy of the name, MightySat.

AFFORDABILITY THROUGH INNOVATION

SPECTRUMASTRO

Contact Dan Toomey in the Program Development Office

1440 N. Fiesta Blvd. * Gilbert, AZ 85233 * Phone 480.892.8200 * FAX 480.892.2949

For More Information Circle No. 578 or Visit www.nasatech.com/578




@ Modifications of a Hydrazine Fueling Procedure and Equipment
Workers could safely wear less-restrictive protective garments.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A combination of procedure and
equipment for loading liquid hy-
drazine into a spacecraft fuel tank that
contains a diaphragm or bladder would

be modified, according to a proposal.
The purpose of the modifications is to
enable fueling technicians to work
safely, during all but a small part of the
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www.truetime.com
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loading process, in less-restrictive pro-

tective attire.

Heretofore, for reasons too compli-
cated to describe in this article, the task of
loading hydrazine into fuel tanks that
contain diaphragms has posed such a
high risk of leakage and spillage of hy-
drazine that technicians engaged in this
task have been required to wear protec-
tive garments called Self-Contained At-
mospheric Protection Ensemble (SCAPE)
suits, which are bulky and which restrict
movement so much as to make the sim-
plest tasks difficult. Recently a combina-
tion of equipment and a procedure that
entails the wearing of lessrestrictive, less-
protective splash suits has been devel-
oped; however, this combination is appli-
cable only to tanks that do not contain
diaphragms. The essence of the proposal
is to modify this recently developed com-
bination to make it safe to load a tank that
contains a diaphragm while wearing
splash suits instead of SCAPE suits during
most of the loading process.

The proposed modifications address
two concerns that bear on safety —
again, for reasons too complicated to de-
scribe in this article. These concerns are
the following:

1. A pressurant gas (ordinarily, helium)
is used. This gas must be prevented
from entering the spacecraft fuel tank
on the fuel side.

2. The equipment includes, among
other things, a fuel-supply tank and a
transfer tube called the “flexline.”
Once the spacecraft fuel tank has
been loaded, the flexline must be
purged with the pressurant gas to
blow liquid hydrazine back into the
fuel-supply tank.

According to the proposal, the equip-
ment would be modified by three addi-
tions: (1) a liquid/gas detector would be
incorporated into the flexline between
the fuel-supply tank and a service valve
on the spacecraft fuel tank, (2) an auto-
mated valve controlled by the liquid/gas
detector would be incorporated into the
flexline between the service valve and
the liquid/gas detector (see figure), and
(3) a new purge fitting would be in-
stalled at the service valve.

NASA Tech Briefs, October 2000
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SIMPLIFIED DETAIL OF PURGE FITTING

A Liquid/Gas Detector, an automated valve controlled by the detector, and a new purge fitting would
be added to the equipment designed previously for loading a tank that does not contain a diaphragm.

The liquid/gas detector would indi-
cate whether the flexline holds liquid
hydrazine or pressurant gas. The lig-
uid/gas detector could be a capaci-
tance, optical-density, flotation, or
other sensor. If the fuelsupply tank
were to become depleted during a
transfer of liquid hydrazine from the
fuel-supply tank to the spacecraft fuel
tank, then the pressurant gas would
begin to travel along the flexline to-
ward the spacecraft fuel tank, posing a
risk that the pressurant gas might un-
desirably enter the spacecraft fuel tank
on the fuel side. To prevent the pres-
surant gas from entering the spacecraft
fuel tank, the liquid/gas detector would
generate a command to close the auto-
mated valve as soon as it sensed the ar-
rival of helium gas. As a result, the por-
tion of the flexline between the
liquid/gas detector and the spacecraft
fuel tank would be occupied by liquid
hydrazine; that is, the pressurant-
gas/liquid-hydrazine front would have
been prevented from traveling farther
along the flexline.

www.nasatech.com

At this point, it would be necessary to
close the service valve: This operation
would have to be performed in a SCAPE
suit because there would be liquid hy-
drazine under pressure behind the ser-
vice valve; in other words, the technicians
would be only one service valve away from
liquid hydrazine under pressure. Next,
the liquid/gas detector would be turned
off, causing the automated valve to open.
The pressurant gas would then be sup-
plied through a ball valve and the purge
fitting; the flow of helium would push the
liquid hydrazine in the flexline back into
the fuelsupply tank. The remaining
cleanup of the hydrazine-contaminated
pressurant gas in the flexline could then
be performed in a manner similar to that
of the unmodified combination of proce-
dure and equipment.

This work was done by John Houseman of
Caltech for NASA’s Jet Propulsion Labo-
ratory. For further information, access the
Technical Support Package (TSP) free on-line
at www.nasatech.com under the Physical
Sciences category.

NPO-20679
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@Ultrasonic Bubble-Sizing

Instrument

Bubbles associated with decompression
sickness can be detected noninvasively.

Lyndon B. Johnson Space Center, Houston, Texas

An ultrasonic instrument has been developed for measuring
the sizes of bubbles in the human body. A primary example is
that of bubbles associated with decompression sickness (the
“bends”); these bubbles consist mostly of nitrogen and can
occur in both blood vessels and extravascular tissues. The bub-
bles can lodge (embolize) in vessels in the lungs and else-
where, causing any of a variety of pathological conditions.
Gaseous emboli that cause decompression sickness pose a seri-
ous risk of injury to aviators, astronauts, divers, and other indi-
viduals who are exposed to varying environmental pressures.
Gaseous emboli can also be serious complications of car-
diopulmonary bypass operations, introduction of air during
cardiotomy, and cavitation bubbles generated by replacement
heart valves.

The present instrument can be expected to aid research on
decompression sickness and other gaseous embolic events by
providing a capability to: (1) distinguish between gaseous and
thrombotic emboli, and (2) measure the sizes of gaseous em-
boli noninvasively. It could be useful in research on heart
valves, development of coronary-bypass machines, and car-
diotomy.

The physical basis of the instrument is the use of ultrasound
to excite the resonant behavior (oscillatory expansion and con-
traction) of gaseous emboli. The resonant behavior is a func-
tion of the bubble diameter and has been well characterized
analytically, so that little or no calibration of the instrument is
needed. Nongaseous (e.g., thrombotic) emboli do not display
the same resonant characteristics as do gaseous emboli; this
difference can be a means for distinguishing between the two
types of emboli.

The instrument includes several ultrasonic transducers. One
of them, denoted the pump transducer, is driven at a relatively
low ultrasonic frequency (f;,) and is used to excite the funda-
mental vibrational mode of any bubbles that may be present.
The other transducers are operated at a higher carrier fre-
quency (f) in a pulse/echo mode and are part of an ultrasonic
imaging subinstrument used to observe bubbles as they res-
onate. The instrument also includes signal-processing and
-analysis equipment.

To interrogate the measurement volume for a particular
bubble size, one simultaneously insonifies the measurement
volume with (1) a pump signal with f;, set at the resonance fre-
quency for that bubble size and (2) the higher-frequency imag-
ing signal. Properly excited, the bubbles respond nonlinearly
to the ultrasonic signals. In this case, they act as signal mixers;
consequently, measurable signals at f + £, and f- f, are present
in the high-frequency return signal if and only if there is a
gaseous bubble with a fundamental resonance frequency equal
to f,. The range of bubble sizes of interest is scanned by vary-
ing f, frequency over the appropriate range.

This work was done by Patrick |. Magari, Robert Kline-Schoder, and
Brant Stoedefalke of Creare, Inc., forJohnson Space Center. For fur-
ther information, access the Technical Support Package (TSP) free on-
line at wuw.nasatech.com under the Physical Sciences category.

This invention is owned by NASA, and a patent application has
been filed. Inquiries concerning nonexclusive or exclusive license for its
commercial development should be addressed to the Patent Counsel,
Johnson Space Center, (281) 483-0837. Refer to MSC-22980.
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3 Analyzing Time Series Using EMD and Hilbert Spectra

Complicated sets of data can be decomposed into finite collections of intrinsic mode functions.

Goddard Space Flight Center, Greenbelt, Maryland

A recently developed theoretical and computational method
is especially well suited for analyzing time-series data that rep-
resent nonstationary and nonlinear processes. The method
stands in contrast to classical methods, including Fourier analy-
sis, that are generally applicable only to periodic or stationary
data that represent linear processes. The present method is
based principally on the concept of empirical mode decompo-
sition (EMD), according to which any complicated set of data
can be decomposed into a finite (and often small) number of
functions, called “intrinsic mode functions” (IMFs), that admit
well-behaved Hilbert transforms.

This decomposition method is adaptive and, therefore,
highly efficient. The main innovations embodied in this
method are (1) the introduction of the IMFs, which are based
on local properties of the signal to be analyzed and which give
meaning to the concept of instantaneous frequency; and (2)
the introduction of instantaneous frequencies for complicat-
ed sets of data, which frequencies eliminate a need for spur-
ious harmonics to represent nonlinear and nonstationary
processes.

Without going into detail that would exceed the scope of
this article, an IMF can be loosely defined as an oscillation
mode that is embedded in the data to be analyzed and that is
associated with a local time scale of the data. An IMF need not
be a narrow-band signal; it can be amplitude- and/or fre-
quency-modulated and can even be nonstationary. The formal
criteria for identifying an IMF are that (1) in the whole set of
data, the numbers of extrema and zero crossings must be equal
or differ by 1 at most, and (2) at any point, the mean value of
the envelope defined by the local maxima and the envelope
defined by the local minima must be zero.

The decomposition for a given set of data is based on direct
extraction of the energies associated with various time scales
and can be viewed as an expansion of the data in terms of the
corresponding IMFs, which are derived from the data. The ex-
pansion can be linear or nonlinear, as dictated by the data, and
it is complete and almost orthogonal. Most important, because
the IMFs are derived from the data, the expansion is adaptive.

The locality and adaptivity are necessary for expanding non-
linear and nonstationary time series. The local energies and
the instantaneous frequencies derived from the IMFs through
Hilbert transforms can be used to construct a full energy-fre-
quency-time distribution of the data. Such a distribution is de-
noted a Hilbert spectrum.

The EMD is based on three assumptions: (1) the signal has
at least two extrema — at least one maximum and at least one
minimum, (2) the characteristic time scale is defined by the
time between the extrema, and (3) if the data are devoid of ex-
trema but contain inflection points, then the data can be dif-
ferentiated once or more times to reveal extrema. Final results
can be obtained by integration(s) of the components.

The essence of the EMD is to identify the intrinsic oscillatory
modes by their characteristic time scales, then decompose the
data accordingly. The time scales are identified as the intervals

NASA Tech Briefs, October 2000

between the successive alternations of local maxima and min-
ima and by the intervals between successive zero crossings. The
interlaced local extrema and zero crossings contribute to the
complicated set of data to be analyzed: one undulation rides
on another, and they, in turn, ride on still other undulations,
and so on. Each of these undulations defines a characteristic
scale of the data; it is intrinsic to the process.

The IMFs are extracted from the data in a sifting process
(see figure). By virtue of the definition of “IMF”, the decom-
position can be effected simply by use of the envelopes defined
by the local maxima and minima separately. Once the extrema
are identified, all the local maxima and minima, respectively,
are connected by a cubic spline line as the upper and lower en-
velope, respectively. The upper and lower envelopes should
cover all the data between them. Their mean is designated as
myo. The difference between the data and my, is denoted the
first component, given by hy = X(#)-m, where X(?) is the
datum at time ¢

Ideally, Ay, should be an IMF. In reality, overshoots and
undershoots are common; they can generate new extrema
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The Original Data Are Sifted in the multistep process described in the text
to obtain the first IMF component.

and shift or exaggerate previously discovered extrema.
There can remain negative local maxima and positive local
minima. Thus, it becomes necessary to repeat the sifting,
using hy, as the data: &, = hy—my,, where m, is the local
mean of the upper and lower envelope of k. In general, it
may be necessary to perform the sifting k times to arrive at
the first IMF component, ¢, = ky;, = hy1—my; In the exam-
ple of the figure, it is necessary to repeat the sifting up to
k =9 to obtain the first IMF component; that is, ¢, = k.

The first IMF component should be the one associated
with the shortest time scale in the data. The second
IMF component (¢) associated with a longer time scale,
is obtained by sifting the first residue signal
n = X(#)=¢. In general, the nth IMF component (¢, for n>1),
associated with a time scale longer than that of the (n-1)st
component, is obtained by sifting r, = r,,—¢,. The sifting
can be stopped when either of the following criteria is sat-
isfied: (1) ¢, or r, becomes smaller than a predetermined
minimum value of substantial consequence or (2) 7, be-
comes a monotonic function from which no more IMF can
be extracted. The sift process can be used as a time-domain
filter.

This work was done by Norden E. Huang and Steven Long of God-
dard Space Flight Center. For further information, access the Tech-
nical Support Package (TSP) free on-line at www.nasatech.com under
the Information Sciences category.

This invention is owned by NASA, and a patent application has
been filed. Inquiries concerning nonexclusive or exclusive license for its
commercial development should be addressed to the Patent Counsel,
Goddard Space Flight Center; (301) 286-7351. Refer to GSC-13817.
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i?- Books & Reports

@ Development of Progressive-Failure-
Analysis Software

A report discusses the development of the GENOA-PFA
computer program, which was described in “Software for
Simulating Progressive Fracture in Braided PMCs” (LEW-
16845), NASA Tech Briefs, Vol. 24, No. 3 (March 2000),
page 52; and “Update on a Progressive-Failure-Analysis Soft-
ware System (LEW-16858)" NASA Tech Briefs, Vol. 24, No. 7
(July 2000), page 67. To recapitulate: GENOA-PFA (a com-
mercial version of the CODSTRAN program) implements a
progressive-failure methodology. On the bases of material-
property data, finite-element mathematical models, and ser-
vice conditions, GENOA-PFA simulates the progression of
damage ultimately leading to fractures in matrix/fiber com-
posite materials, including complex ones in which the fibers
are incorporated in two- or three-dimensional weaves or
braids.

This work was done by Frank Abdi of Alpha Star Corp. and Levon
Minnetyan of Clarkson University for Glenn Research Center. 7o
obtain a copy of the report, “Development of GENOA Progressive Fail-
ure Parallel Processing Software Systems,” access the Technical Support
Package (TSP) free on-line at www.nasatech.com under the Materials
category.

Inquaries concerning rights for the commercial use of this invention
should be addressed to NASA Glenn Research Center, Commercial
Technology Office, Atin: Steve Fedor, Mail Stop 4-8, 21000 Brookpark
Road, Cleveland, Ohio 44135. Refer to LEW-17045.

e b
Surface and Gas Temperatures via
Multiwavelength Pyrometry

A report describes experiments using multiwavelength
pyrometry to determine the surface temperature of the
end tip inside a BeO cylinder that is part of a probe de-
signed to measure high-temperature gases. The cylinder is
heated by the gas into which it is inserted, and the gas
temperature is related to the tip temperature via a mathe-
matical model of the probe. The probe was tested in two
atmospheric burner experiments. The measured interior
temperatures were 1,360 and 1,745 K. Available tempera-
ture information on the burner flame is lower, being at
1,300 and 1,580 K, respectively. This was so because the
thermocouples performing the measurement were posi-
tioned at the cooler periphery of the jet to avoid being de-
stroyed by hot gases at the burner’s central flow, the hot
temperature of which the BeO probe was successful in
measuring.

This work was done by Gustave Fralick and Daniel Ng of Glenn
Research Center. 7o obtain a copy of the report, “Pyrometric Gas
and Surface Temperature Measurements,” access the Technical Sup-
port Package (TSP) free on-line at www.nasatech.com under the
Physical Sciences category.

Inquiries concerning rights for the commercial use of this inven-
tion should be addressed to NASA Glenn Research Center, Commer-
cial Technology Office, Atin: Steve Fedor, Mail Stop 4-8, 21000
Brookpark Road, Cleveland, Ohio 44135. Refer to LEW-16972.

NASA Tech Briefs, October 2000

Tribology for Aerospace Applications

“Tribology for Aerospace Applications” is a textbook and
reference source written for designers of rotating machin-
ery; users and designers of such mechanical components as
bearings, gears, and seals; tribologists; university and indus-
trial researchers; and students of machine design. The book
incorporates information from more than 900 references
spanning over 50 years of technological advances. The titles
of the chapters are “Tribology Fundamentals,” “Solid Lubri-
cants,” “Self-Lubricating Polymer Composites,” “Liquid Lu-
bricants,” “Traction Lubricants,” “Rolling Bearing and Gear
Lubrication,” “Rolling Bearing and Gear Materials,” “Fluid
and Gas Film Lubrication,” “Engine Seals,” and “System Life
and Reliability.”

This book was coauthored and edited by Erwin V. Zaretsky of
Glenn Research Center in collaboration with the staff of Glenn
Research Center and the Society of Tribologists and Lubrication En-
gineers. Copies of the book can be ordered from Society of Tribologists
and Lubrication Engineers, 840 Busse Highway, Park Ridge, IL
60068-2376; telephone (847) 825-5536; fax (847) 825-1456.

Inquiries concerning rights for the commercial use of this invention
should be addressed to NASA Glenn Research Center, Commercial
Technology Office, Attn: Steve Fedor, Mail Stop 4-8, 21000 Brookpark
Road, Cleveland, Ohio 44135. Refer to LEW-17028.
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@ Special Coverage: Composites and Plastics

Advances in Plastics
Influence Design

New materials technology and advanced plastics have spurred the growth of
many new products, including the lead screw with plastic nut.

dvances in materials have accounted

for the growth of many new indus-
tries. Lead screw systems using polymer
nut technology have been developed to
the current state of the art largely in the
past 20 years. The advent of inexpensive,
high-performance, bearing-grade poly-
mers has fueled the linear motion mar-
ketplace with the ability to move loads
quickly and accurately.

No such advance in materials has
been seen in the recirculating ball bear-
ing screw industry. This has resulted in
only evolutionary changes in the origi-
nal design from the 1950s. Ball screw
technology is based on the recirculating
ball mechanism, while polymer lead nut
technology relies heavily on the proper-
ties of the mating materials to produce
the desired thrust load. Since the mate-
rials themselves are doing more, fewer
components are required, simplifying
the design and reducing costs.

Plastics Come of Age

In 1960, one of the most important
engineering plastics became available
under the trademark Delrin®. Delrin is
a homopolymer acetal resin, synthe-
sized through the polymerization of
formaldehyde. It was termed the most
“metal-like” plastic due to its strength
and rigidity, allowing it to perform
many functions that only metals had
performed previously. Al-

Because the materials do more, the mechanism
of a typical polymer lead nut is simplified.

This allows for production in a wide variety

of geometries to meet specific application
requirements.

The ability to compound PTFE into a
polymer such as acetal and mold shapes
to net size is a powerful tool for design-
ers. This technology has spurred the
growth of many new products, one of
which is the lead screw with plastic nut.

Lead Nuts Go Plastic

The plastic nut industry began to bur-
geon in the early 1980s as it became
clear to the marketplace that there was a
definite application for this technology.
Unlike recirculating ball bearing screws,

lead screws could be produced in soft
stainless steel. This allowed for their use
in clean and environmentally harsh en-
vironments. The nut itself became the
bearing, using internally lubricated plas-
tics to provide surprising high load ca-
pability. System complexity was reduced
by using the properties of the plastic it-
self to do the work. Best of all, these
clean, precise, and simple devices were
considerably more cost-effective than
traditional ball bearing technology —
anywhere from one-half to one-fifth the
cost of a comparable ball screw. But with
any technology, the boundaries of load
and speed were pushed.

In the 1970s, two new plastics arrived
on the scene. They offered “PV” (pres-
sure velocity) limits of five to ten times
that of acetal. PV is a measure of a mate-
rial’s ability to be dynamically loaded.
The more load that is applied to a mate-
rial, the lower the sliding velocity that it
can handle, and vice versa. The PV limit
of a material is the point at which fric-
tion-generated heat can no longer be ex-
pelled at a rate to prevent the material
from overheating. Torlon®, a poly-
amide-imide, and a polyimide known as
Vespel® arrived on the scene just in
time. They can both be compounded
with lubricants such as PTFE and func-
tion well as bearing materials with the
additional advantage of having high PV
limits. Unfortunately, they are

though the base acetal resin is
well suited for many structural
applications, the addition of a
filler into the resin would soon
make it an important bearing-
grade material.

By itself, the fluorocarbon
family is a poor structural ma-
terial, with a tendency to creep
under load even at room tem-
perature. But when the PTFE
fluorocarbon — more com-
monly known as Teflon® — is

Relative Cost

Plastics Performance vs. Relative Cost

20 40 60 80
PV Limit*10° (psi-fpm)

100

much more expensive than ac-
etal and are not readily mold-
able due to their high melt
temperatures (in the neighbor-
hood of 800 °F).

As recently as the late 1980s,
a plastic known as PEEK be-
came available. It has proper-
ties similar to polyamide-imide,
but is moldable at high tem-
peratures. All of the standard
lubricants can be compounded
to produce a very flexible,

120

added to a stable substrate, a
material with excellent tribo-
logical properties is produced.
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Table 1: Performance versus cost for plastics is not a linear
relationship. Avoid over-specifying polymers as their cost increases
geometrically with performance.

www.nasatech.com

high-performance plastic. Cost
is greater than acetal, but more
reasonable than polyimide.
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@ Special Coverage: Composites and Plastics continued

New Design Applications

These material advances have allowed
lead screws to be used where they never
could have before. It is now possible to
tailor the performance of a lead screw
system to meet demanding load, speed,
environmental, and space requirements.
The majority of plastic nut applications
use acetal with PTFE. With a PV of about
13,000 psi-fpm, and an attractive price
point, this material works well in light- to

Self-lubricating polymers give lead screw assemblies
the ability to operate in clean environments. Their
simplified mechanism (compared with ball screws)
makes them cost-effective while advances in materials
allow more aggressive operation than previously
possible. This has made them popular in such
industries as medical and semiconductor.

medium-load applications (up to 300
pounds). Design engineers can specify
almost any nut geometry having the re-
quired thread engagement for their ap-
plication. This allows engineers to inte-
grate what would be multiple com-
ponents with a traditional lead screw
into a single part, saving space, money,
and assembly time. It also allows the de-
signer to shrink the overall package size.
Acetal can be easily machined or
molded to produce complex
shapes. Since the material is the
bearing, the nut diameter can be
held to a minimum, and gener-
ally is a function of the manufac-
turability of the part and the abil-
ity to fixture it in the application.

In many cases, the plastic must
perform as both a bearing ele-
ment and a structural element.
Although this is always true to
some extent, as the geometry be-
comes more complex, acetal may
not offer the required stiffness or
strength. In this case, additional
fillers such as carbon fibers can
be compounded in, enhancing
the structural properties. Carbon
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A

fiber has the benefit of good tribological
properties as well.

Acetal is suitable for many demanding
applications ranging from marine to
cleanroom usage. For loads above 300
pounds and speeds greater than 1,000
rpm, acetal hits its PV limit, depending
on screw size and lead. With a PV of
about 50,000 psi-fpm, PEEK can extend
this range. Speeds of 5,000 rpm and
more are possible. Normally, to achieve
fast jog speeds, the designer is forced to
go to a high lead screw, limiting their sys-
tem accuracy. PEEK can allow engineers
to design systems with a fine screw pitch
for good resolution, while still having
the necessary jog speed to meet cycle-
time requirements.

In the same vein as PEEK, polyamide-
imides (Torlon) allow greater load and
speed with a PV of around 60,000 psi-
fpm. Unfortunately, polyamide-imides
are not easily molded. Although the cost
is only marginally greater than PEEK,
fabrication may be more difficult. Poly-
imide (Vespel) offers the greatest PV of
all at around 100,000 psi-fpm. It has a low
coefficient of thermal exgansion as well
(between 21 and 30 x 10”in/in/°F).

If nothing else will work, polyimide
may be the answer. Cost increases dra-
matically with polyimide and it is not
moldable, although it can be sintered
into basic shapes. Always weigh the cost
benefit ratio carefully when using a poly-
imide. Cost increases dramatically with
diameter. Expect to be spending on the
order of $20 per inch for a 3/4" bar. Ad-
ditionally, polyimide performs best
when run against a hardened surface.
This increases the cost of the mating
component as well. Lead nuts made of
polyimide with molybdenum disulfide
filler have been used in space applica-
tions due to their lubricity and thermal
stability (PTFE’s lubricity decreases in a
vacuum). Polyimide’s high strength-to-
weight ratio makes it well suited for mass
critical applications.

Plastics have allowed lead screws to go
from the depths of the ocean to the
reaches of outer space. Improvements in
materials have fueled advancements in
almost every technology. If material de-
velopment keeps pace in the next cen-
tury, materials will continue to solve
problems that design alone cannot.

For more information, contact the author of this
article, Robert Lipsett, Vice President of Engineer-
ing, Ball Screws & Actuators, San Jose, CA; Tel:
408-363-7128; e-mail: rlipsett@ballscrews.com;
or visit www.ballscrews.com.

NASA Tech Briefs, October 2000
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) SiC/SiC Composites With Improved BN Coating on Fibers

The in-situ BN coating helps to deflect cracks away from the fibers.
John H. Glenn Research Center, Cleveland, Ohio

A method of fabricating composites
of pretreated silicon carbide fibers in sil-
icon carbide matrices provides for the
formation of improved boron nitride
fiber/matrix interfacial layers. As ex-
plained below, these BN layers help to
deflect matrix cracks away from the
fibers.

In order to impart strength and frac-
ture toughness to a fiber/matrix com-
posite material, one must formulate it so
that under high stress, it fails in a fiber-
pullout mode rather than a brittle-frac-
ture mode. This requirement translates
to a need for a fiber/matrix interfacial
layer of a material (denoted the “inter-
phase”) that is weakly bonded to both
the fibers and the matrix to insure that
matrix cracks are deflected away from
the fibers.

One of the most widely used fiber/
matrix interphases is boron nitride,
which, heretofore, has usually been de-
posited on fibers or fiber preforms by
chemical vapor deposition (CVD). One
of the drawbacks of the CVD BN process
is that when a tow (a bundle that nor-
mally consists of between 500 and 800
fibers with diameters between 10 and
15 pm) is formed into a woven fiber
preform prior to CVD BN coating,
many of the fibers are in contact with

vironments like those in gas turbine
combustors.

In the present method, thin layers of
either (1) carbon-rich SiC containing
some boron or (2) highly crystalline BN
are formed in situ on the SiC fibers, be-
fore further processing; these layers pre-
vent the SiC fibers from remaining in
contact with each other. Because these
thin surface layers are not thin enough
(and, in the case of highly crystalline BN
are not weak enough) to act by them-
selves as crack-deflecting layers, it is nec-
essary to deposit BN overcoats (with or
without Si doping) by chemical vapor in-
filtration to obtain the desired crack-de-
flection property. The remaining pro-
cessing steps, following conventional
practice, include the formation of SiC
overcoats by chemical vapor infiltration,
infiltration by a slurry that contains SiC
particulate, and infiltration by molten
silicon at a temperature of =1,420 °C to
realize a dense matrix.

The subprocess to form the boron-
doped carbon or highly crystalline BN
begins with a heat treatment of the fibers
at a temperature of 1,800 °C in either an
inert or nitrogen gas. In the case of a ni-
trogen atmosphere, boron (which is pre-
sent in typical commercial SiC fibers as a
sintering aid) diffuses to the fiber sur-

faces to form thin (=100-nm thick) layers
of very crystalline BN. The added advan-
tage of diffusing the boron out of the
fibers is that the resistance to creep of
the fibers at high temperatures is in-
creased. In the case of an inert atmos-
phere, the surfaces of the fibers become
reduced, with resultant formation of thin
(=50 to =100 nm thick) carbon-rich sur-
face layers, which also contain some
boron from diffusion out of the bulk.

When the fibers that have been thus
heat treated are subsequently woven
into cloth preforms or are heat-treated
in cloth form, the highly crystalline BN
or carbon-rich surface layers prevent the
SiC fiber cores from touching. While
carbon-rich fiber surface layers may pre-
vent the fibers from touching, they are
not desired because they do not exhibit
sufficient resistance to oxidation as that
of the BN layers.

The highly crystalline layers of BN
are strongly bonded to the fiber sur-
faces, and prevent the propagation of
cracks from the matrix into the fibers
(see figure). By keeping the fibers out
of contact, the highly crystalline layers
also prevent interlocking of the rough
fiber surfaces. The highly crystalline
nature of these layers also contributes
to stability under stress in an oxidizing

each other and there-
fore do not become
completely coated with
BN. On subsequent
fracture of the compos-
ite, those fibers that are
in contact with no BN
between them tend to
fail in a brittle manner,
with little or no fiber
pullout. This situation
is exacerbated if the SiC
fibers have relatively
rough surfaces (as
some commercial SiC
fibers do). In addition,
ordinary CVD BN fiber
coats are not particu-
larly crystalline, and
have been found to be

environment.

This work was done by
James A. DiCarlo and Hee
Mann Yun of Glenn Re-
search Center and John
J- Brennan of United Tech-
nologies. For further in-
Jformation, access the Tech-
nical Support Package
(TSP) free on-line at
www.nasatech.com under
the Materials category.

Inquiries concerning rights
Jor the commercial use of this
invention should be ad-
dressed to NASA Glenn Re-
search Center, Commercial
Technology Office, Attn:

10 um

Steve Fedor, Mail Stop 4-8,
21000 Brookpark Road,

very susceptible to oxi-
dation in hot, moist en-
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A Matrix Crack Has Been Diverted Around Three Fibers at the interfaces between (1) the
highly crystalline in situ BN layers and (2) the CVD BN layers at the fiber/matrix interfaces.

www.nasatech.com

Cleveland, Ohio 44135.
Refer to LEW-16864.
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Insulating Materials

These materials are intended to replace other materials that

will soon be unavailable.

Marshall Space Flight Center, Alabama

Silicafilled polymers made from ethyl-
ene propylene diene monomer (EPDM)
have been found to be useful as ablative
thermal-insulation materials. These poly-
mers have been investigated as candidates
to replace some previously developed
polymeric ablative rocket-engine insulat-
ing materials that will soon become com-
mercially unavailable. Although these ma-
terials have been developed specifically
for use in and on solid-fuel rocket motors,
they may also be useful in terrestrial ap-
plications in which there are require-
ments for protection against high temper-
atures for short times.

Several formulations of silica-filled
EPDM polymers have been investigated.
These formulations incorporate im-
provements where possible. Examples
of improvements include the use of a
tackifier or the choice of one or more
accelerator(s) to obtain a longer scorch-
ing time as well as desired curing prop-
erties. For each formulation, the ingre-
dients are mixed according to ordinary
rubber-processing techniques in a two-

pass mixing procedure implemented in
an internal mixer. All the ingredients
except the accelerator(s) and sulfur (if
used) are added during the first pass;
the accelerators and sulfur (if used) are
added during the second pass. In abla-
tive tests, some formulations unexpect-
edly performed better than others did.

This work was done by David G. Guillot of
Thiokol Corp. for Marshall Space Flight
Center. For further information, please con-
tact the company at guilldg@thiokol.com.

Title to this invention has been waived
under the provisions of the National Aero-
nautics and Space Act {42 U.S.C. 2457(f)}
to Thiokol Corporation. Inquiries concerning
licenses for its commercial development
should be addressed to

Thiokol Propulsion

Intellectual Property Department

PO Box 707

M/SAll

Brigham City, UT 84302-0707

Refer to MFS-31406, volume and number
of this NASA Tech Briefs issue, and the
page number.

Insulating Materials

®Carbon-Filled EPDM Rubbers as Ablative

These materials are intended to replace other materials that

will soon be unavailable.

Marshall Space Flight Center, Alabama

Carbon-fiberfilled polymers made
from ethylene propylene diene monomer
(EPDM) have been found to be useful as
ablative thermal-insulation materials. Like
the silica-filled EPDM polymers described
in the preceding article, these polymers
have been investigated as candidates to re-
place some previously developed poly-
meric ablative rocket-engine insulating
materials that will soon become commer-
cially unavailable.

Several formulations of carbon-fiber-
filled EPDM polymers have been investi-
gated. As in the case of the silica-filled
polymers described in the preceding ar-
ticle, improvements are incorporated
where possible and examples of im-
provements include the use of a tackifier
or the choice of one or more accelera-
tor(s) to obtain a longer scorching time
as well as desired curing properties. For

www.nasatech.com

each formulation, the ingredients are
mixed in the following procedure:

First, the ingredients are mixed ac-
cording to ordinary rubber-processing
techniques in a two-pass mixing proce-
dure implemented in an internal mixer.
All the ingredients except the accelera-
tor(s) and sulfur (if used) are added
during the first pass, and the accelera-
tors and sulfur (if used) are added dur-
ing the second pass. The resulting mix-
ture is dissolved in a suitable solvent
such as hexane. The solution is then
mixed with carbon fibers, using a mini-
mum of mixing to disperse the fibers
and distribute them uniformly without
breaking them excessively. The solu-
tion/fiber mixture is then spread thin
on a flat sheet so that the solvent can
evaporate (if desired, evaporation can
be done in an oven). The resulting un-

NASA Tech Briefs, October 2000



cured insulating material is then cured
in the required shape.

In ablative tests, some of the formula-
tions investigated performed a little bet-
ter than others did, probably because of
differences in mixing.

This work was done by David G. Guillot of
Thiokol Corp. for Marshall Space Flight

Center. For further information, please con-
tact the company at guilldg@thiokol.com.

Title to this invention has been waived
under the provisions of the National Aero-
nautics and Space Act (42 U.S.C. 2457(f)}
to Thiokol Corporation. Inquiries concerning
licenses for its commercial development
should be addressed to

Thiokol Propulsion

Intellectual Property Department

PO Box 707

M/SAll

Brigham City, UT 84302-0707

Refer to MFS-31405, volume and number
of this NASA Tech Briefs issue, and the
page number.

¥ Graphite/Conductive-Epoxy Electromagnetic Shielding
Shielding ability equals that of a larger mass of aluminum.
John H. Glenn Research Center, Cleveland, Ohio

Lightweight shields for electromag-
netic interference (EMI) can now be
fabricated from composites of (1) elec-
trically conductive fibers made of
bromine-intercalated graphite in (2)
matrices of electrically conductive
epoxy. As shown in more detail below,
the shielding ability of a given thickness
of this composite material equals that of
a greater thickness of aluminum.

Electrical conductivity of surface lay-
ers is essential for EMI shielding. Previ-

ductivity in the epoxy (especially in sur-
face layers).

The table compares the shielding ef-
fectiveness of a sheet of aluminum and a
sheet of the present bromine-interca-
lated-graphite-fiber/ electrically-conduc-
tive-epoxy composite. On the basis of per-
formance figures like those in this table,
it has been estimated that by use of this
composite material, it should be possible
to make EMI shields thinner than alu-
minum shields (which are typically about

2 mm) but equally as strong and equally
as effective against EMI. It has been fur-
ther estimated that reductions in weight,
relative to aluminum shields, can be ex-
pected to lie between 34 and 88 percent.

This work was done by John D.
Lennhoff and George G. Harris of Triton
Systems, Inc., for Glenn Research Cen-
ter. For further information, access the
Technical Support Package (TSP) free
on-line at www.nasatech.com under the
Materials category.

ously, NASA had devel-
oped EMI shields made
of bromine-intercalated
graphite fibers in matri-
ces of electrically insu-
lating epoxy. However,
those shields were not as

Inquiries concerning
rights for the commercial use
of this invention should be
addressed to NASA Glenn
Research Center, Commer-
cial Technology Offfice, Attn:
Steve Fedor, Mail Stop 4-8,

effective as aluminum
shields because of the
lack of electrical con-

The EMI-Shielding Performances of a 2-mm thick sheet of aluminum and a 0.36-mm
thick sheet of the present composite material made from electrically conductive epoxy
were measured at frequencies of 10 and 35 GHz.

21000 Brookpark Road,
Cleveland, Ohio 44135.
Refer to LEW-16647.

p Composite-Material Pipes for Corrosive and Cryogenic Liquids
Piping systems with complex shapes can readily be fabricated.

Marshall Space Flight Center, Alabama

A flexible design concept and an asso-
ciated method of fabrication have been
conceived as means to satisfy growing
demands for lightweight composite-ma-
terial pipes for corrosive and cryogenic
liquids. The design concept and method
can be applied to produce piping sys-
tems capable of handling such diverse
liquids as cryogenic oxygen, hydrogen
peroxide, strong acids, and strong bases.
The piping systems can be complex; for
example, they can include manifolds
and/or pipes with multiple bends.

Fabrication begins with the molding
and/or machining structural segments
in basic shapes that can be assembled
into a mandrel that defines the geome-
try of a complex piping system. The
basic shapes can include elbows, T junc-
tions, Y junctions, and flanges.

NASA Tech Briefs, October 2000

Once the shapes have been joined to
form a mandrel, various composite-ma-
terial layers are deposited on the man-
drel to form the piping. The first layer to
be deposited on the mandrel is a liner.
The liner can be a single thin layer of a
metal, a metal layer comprising thin sub-
layers of different metals, or a polymer,
for example.

Multiple layers of a composite mater-
ial are placed on the liner and cured.
The mandrel material is then removed
from inside, leaving a thin-walled com-
posite tube structure. Next, the struc-
ture is covered by a thermal-insulation
layer. If the liquid to be contained is
cryogenic, then a suitable insulating ma-
terial could be low-density polyurethane
foam; if the liquid to be contained is hot,
then a better insulating material would

www.nasatech.com

be a phenolic fire-resistant foam. The
foam can be sprayed and later ma-
chined; alternatively, premachined foam
segments can be assembled onto the
piping. If needed, small channels can be
machined in the foam layer to accom-
modate a cooling or heating manifold.

The foam layer is covered with an
outer composite-material skin. Finally,
the structure is heated to cure the resin
in the skin.

This work was done by Thomas K. DeLay
of Marshall Space Flight Center.

This invention is owned by NASA, and a
patent application has been filed. For licens-
ing inquiries, contact Sammy Nabors, MSFC
Commercialization Assistance Lead, at (256)
544-5226 or sammy.nabors@msfc.nasa.gov.
Refer to MFS-31381.
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PRECISION
ALUMINUM
EXTRUSIONS

New! An informative
brochure from MIN-
ALEX, leader in
close tolerance
shapes to 3 1/2",
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. 615

DEVICE DATA
INTO WINDOWS
APPLICATIONS

WinWedge instantly inputs
serial (RS232-RS485) or
TCP/IP data into any
Windows application: Excel,
Access, MMIs, etc. Collect
data from and control
gauges, micrometers, bal-
ances, meters, barcode scan-
ners, measuring instruments ... any device. Easily per-
form graphing and analysis of your instrument data in
any p . TalTech, 2027 Wallace St., Philadelphia,
PA 19130; Tel: 800-722-6004, 215-763-7900; Fax: 215-
763-9711; www.taltech.com

TalTech
For More Information Circle No. 618

WinWedqe

INTEGRATE CAD
AND ALGOR MES
FOR BETTER
DESIGNS

Algor’s InCAD products cap-

ture exact part or assembly

geometry, like this housing

component, for dynamic

stress analysis with Mechan-
ical Event Simulation for linear or nonlinear mate-
rial models. InCAD products work with CADKEY,
Mechanical Desktop, Pro/ENGINEER, Solid Edge,
and SolidWorks. Address: 150 Beta Dr., Pittsburgh,
PA 15238; Phone: +1 (412) 967-2700; E-mail:
info@algor.com; or Fax: +1 (412) 967-2781;
www.algor.com, www.feaincad.com

Algor, Inc.

For More Information Circle No. 621

FIRESTONE
MARSH MELLOW®
SPRINGS

The fabric-reinforced rubber
springs from Firestone
Industrial Products Co. pro-
vide constant vibration isola-
tion with changing loads, have
a high load-carrying capacity,
and do not bottom out.
They are low noise, low cost, and low maintenance.
Call Firestone at 1-800-798-5005 for a free Marsh
Mellow® design manual. Firestone Industrial Products
Co., 12650 Hamilton Crossing Blvd., Carmel, IN,
46032; Tel: 800-888-0650; e-mail: support@
firestoneindustrial.com; www.firestoneindustrial.com

Mazss periow

Firestone Industrial Products Co.
For More Information Circle No. 616

SPIRAL RETAINING
RING CATALOG

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

Smalley Steel Ring Co.

For More Information Circle No. 619

ALGOR’S ACCUPAK/
VE SOFTWARE
REPLICATES REAL-
WORLD EVENTS

In this impact simulation,

Algor’s Accupak/VE Mechan-

ical Event Simulation software
and kinematic element technology replicates physical
behavior by determining the motion, flexing and
resulting stresses of a CAD part or assembly in a “vir-
tual laboratory.” Add thermal, fluid or electrostatic
effects to Accupak/VE analyses with linear and
nonlinear materials to simulate multiple physical
phenomena. Address: 150 Beta Dr., Pittsburgh, PA
15238; Phone: +1 (412) 967-2700; E-mail:
info@algor.com; or Fax: +1 (412) 967-2781;

www.algor.com
Algor, Inc.
For More Information Circle No. 622

ELECTROMAGNETIC
DESIGN

& ANALYSIS
SOFTWARE

OPERA Software provides
user-friendly design and
analysis tools for electrostat-
ic, magnetostatic, and time-
varying electromagnetic devices and systems. A
wide frequency range (including resonant cavity
calculations) and transient effects may be modeled.
Particle beam modeling (including space charge
effects) may be analyzed. Comprehensive user sup-
port is always provided. Vector Fields, Inc.; Tel:
630-851-1734; Fax: 630-851-2106; e-mail: info@
vectorfields.com; www.vectorfields.com

Vector Fields, Inc.
For More Information Circle No. 617

ALUMINUM
FRAMING SYSTEMS

AMCO offers a one-of-a-kind
aluminum structural system to
simplify the design of special-
ized and nonstandard enclo-
sures. This system allows cus-
tomers to build enclosures,
racks, or stands from 8" to 20
in any 90-degree plane. Features include high-
strength extruded tubing with 11 different integral
flange configurations; 3 types of accessory-mount-
ing channels; 7 joining and corner castings, and
more. Request catalog 203. AMCO Engineering
Co., Schiller Park, IL; Tel: 1-800-833-3156, 847-671-
6670; Fax: 847-671-9469; www.amcoengineering.com

AMCO Engineering Co.

For More Information Circle No. 620

EXPERIENCE THE
POWER OF FEA
THROUGH INTERNET TV
DISTANCE LEARNING

Visit www.¢TechLearning.com to access a free web
course preview and get schedule and ordering infor-
mation. For as little as $350, web courses let you learn
at your own pace with on-demand replays and a library
copy video or CD-ROM. In addition, these courses
have qualified for Professional Development Hours
toward P.E. license renewal. Address: 150 Beta Dr.,
Pittsburgh, PA 15238; Phone: +1 (412) 967-2700; E-
mail: info@algor.com; or Fax: +1 (412) 967-2781;
www.e¢TechLearning.com, www.algor.com, www.
pipepak.com, www.feaincad.com

Algor, Inc.

For More Information Circle No. 623
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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.

\CTURER OF
ELECTRONIC WARDWARE

Hiram Jones Electronics, Inc.
For More Information Circle No. 624

COMPUTER-BASED
INSTRUMENTS
BROCHURE

National Instruments Com-
puter-Based Instruments
brochure describes how to
automate your measurements
and reduce your test time
using computer-based instru-
ments. The brochure includes technical information
on digitizers/oscilloscopes, digital multimeters, high-
accuracy temperature/voltage data loggers, wave-
form generators, FFT dynamic signal analyzers,
switches, multiplexers, and matrices. Call today for
your FREE brochure! National Instruments; Tel: 800-
811-9526 or 512-794-0100; Fax: 512-683-9300; e-mail:
info@ni.com; www.ni.com/info/instruments

National Instruments
For More Information Circle No. 625

NATIONAL
INSTRUMENTS
LABVIEW™ RT

Learn how LabVIEW
graphical programming
can make creating real-
time control solutions
easy. With National
Instruments LabVIEW
RT, you can develop con-
trol applications on
Windows, then download and run them in real
time on RT Series hardware, such as data acqui-
sition boards. Call or visit the Web for FREE lit-
erature! National Instruments; Tel: 800-890-6229
or 512-794-0100; Fax: 512-683-9300; e-mail:
info@ni.com; www.ni.com/labviewrt

National Instruments
For More Information Circle No. 627

SMALL PARTS CATALOG
NO. 21 QUALITY
COMPONENTS,
MATERIALS, AND TOOLS

This catalog is packed with prod-
ucts for engineering design,
research and development, proto-
types and modeling, and industri-
al assembly. Thousands of items are in stock, includ-
ing miniature fasteners, specialty components, fluid
and motion control devices, select materials, and
precision tools. SMALL PARTS, INC., 13980 NW
58th Court, Miami Lakes, FL, 33014, Attn: Free
Catalog - Dept. 200F; Tel: 800-220-4242; Fax: 800-
423-9009; www.smallparts.com

Small Parts, Inc.

For More Information Circle No. 626 or
visit www.nasatech.com/626

NEW
SERVOMETER®
“SMC” COUPLING
LINE

Servometer® flexible cou-
plings are low-inertia, zero-
backlash, low-windup, preci-
sion constant velocity univer-
sal joints. They absorb angu-
lar and parallel misalign-
ments in combination with axial movements, while pre-
cisely transmitting motion and torque. Servometer®
flexible couplings also feature integral clamp hubs that
will not mar the shafts. Servometer Corp., 501 Little
Falls Rd., Cedar Grove, NJ 07009-1291; Tel: 973-785-
4630; Fax: 973-785-0756; www.servometer.com

Servometer Corp.

| SERVOMETER

For More Information Circle No. 628

PEM® R'ANGLE®
CLINCH FASTENER
(BULLETIN RA)

The new self-clinching
PEM® R’ANGLE® fastener
provides a strong right-
angle attachment point in
aluminum or steel sheets as
thin as .040"/1 mm. Users
can securely attach another
sheet or component perpendicular to the section in
which the R'ANGLE faster is installed. The holding
power of the fastener is unaffected by the repeated
removal and reinstallation of the screw. Penn
Engineering; Tel: 800-237-4736; Fax: 215-766-0143;
www.pemnet.com

Penn Engineering

For More Information Circle No. 629

THE SOURCE
FOR
ELECTRONIC &
MECHANICAL
HARDWARE

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

ZS Seastrom

Seastrom Mfg Co. Inc.

For More Information Circle No. 630

FREE 2000
QUATECH
PRODUCT
CATALOG & CD

Quatech’s 2000 catalog
details our extensive line of
quality communication, data
acquisition, and signal condi-
tioning products for USB,
PCMCIA, PCI, and ISA. New for 2000 are the
FreedomUSB Series of multi-port USB serial adapters
and USB hubs. Available in print or as an interactive
CD linked to our secure online ordering system, the
catalog provides product overviews, photos, and com-
plete technical specifications. Call 1-800-553-1170 for
your free copy or visit www.quatech.com.

Quatech, Inc.
For More Information Circle No. 631

POWER LINE FILTERING
& SURGE-SUPPRESSION
SYSTEMS

Control Concepts offers a broad
range of power-line filters and
state-of-the-art surge suppres-
sion to meet all of your power-
quality needs. Our products make it easy and cost-
effective to safeguard any electronic equipment
from malfunction, downtime, or failure. Send for
a free brochure and our handy informational
guide to Surge Suppression and Filtering, or call
us toll-free at: 877-528-7185. Control Concepts
Corp., P.O. Box 7429, Endicott, NY 13760-7921;
Fax: toll-free 800-233-1074; e-mail: info@
control-concepts.com; www.control-concepts.com

Control Concepts

For More Information Circle No. 632

‘, 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 products, 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. 633

== INDUCTOSYN®
POSITION
TRANSDUCERS

Our 16-page Engineering
Guide describes how to select
and use Inductosyn® position
transducers for applications in
extreme aerospace and indus-
trial-manufacturing environments. Rotary
Inductosyn® transducers provide absolute and
incremental position information, accurate to 0.5
arc second or better, with resolution to 26 bits.
Linear Inductosyn® transducers are accurate to
+p40 inches or better, with sub-pinch resolution.
Farrand Controls, a division of Ruhle Companies,
Inc.; Tel: 914-761-2600; Fax: 914-761-0405; e-mail:
sales@ruhle.com; www.ruhle.com

Farrand Controls
For More Information Circle No. 634

LIGHTED INTERFACE
SWITCH
CONTROLLER-XT
Literature from StacoSwitch
details the Interface Controller-
XT (IFC-XT) — a flexible, low-

Product actue CommeaT
Bufletin -

cost digital 1/O controller

designed to manage clusters of
lighted pushbutton switches, LEDs, and incandes-
cent lamps. Features include 32 input and 32 output
channels, audible tone generation, adjustable out-
put levels of all lamps individually, and RS-232 and
RS-422 capability; simple software driver set; com-
pact size; easy direct mount. StacoSwitch; Tel: 714-
549-3041; Fax: 714-549-0930; e-mail: sales@
stacoswitch.com; www.stacoswitch.com

StacoSwitch Co.
For More Information Circle No. 635
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VACUUM
PUMP

VIBRATION
ISOLATORS

The NEC vibration
isolators effectively

remove turbo-molecular and cryo-pump vibrations.
Two models are available in elastomer and air-iso-
lated versions. They are UHV compatible, have
short insertion lengths, and high conductance. A
wide variety of flanges are available. National
Electrostatics Corp., 7540 Graber Rd., Box 620310,
Middleton, WI 53562-0310; Tel: 608-831-7600;
Fax: 608-256-4103; e-mail: nec@pelletron.com;
www.pelletron.com

National Electrostatics Corp.

For More Information Circle No. 636

PRECISION SLIDE
ASSEMBLIES &
X-Y TABLES

Choose from over 947
manually operated slides in
many sizes and styles.
Single or multiple axes;
some with position read
out. Travel distance from
1” to 86" for loads up to
400 lbs. Versatile position-
ers for industry. Ideal for fixtures, feeding or gaug-
ing. Also includes turntables, rotary and elevating
tables. Velmex Inc.; Tel: 800-642-6446 or 716-657-
6151; Fax: 716-657-6153; www.velmex.com

Positioners
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Velmex Inc.

For More Information Circle No. 637

METAL AND
CERAMIC FOAMS

Goodfellow Corp. supplies a
range of foams of interest to
engineers who want to incor-
porate strength into their
product designs without
adding weight. Each foam
offers a high surface area to

5 volume ratio, as well as a
high strength to welght ratio. Foams of aluminum,
vitreous carbon, nickel, silicon carbide, and alumi-
na are available. Goodfellow Corp., 800 Lancaster
Ave., Berwyn, PA 19312; Tel: 800-821-2870; Fax:
800-283-2020; e-mail: info@goodfellow.com;
www.goodfellow.com

Goodfellow Corp.

For More Information Circle No. 638

OMEGA'S TECHNICAL
REFERENCE SERIES

OMEGA’s Transactions and Volume
MM® Master Index is a technical ref-
erence series combining measure-
ment and control information with a
comprehensive index for locating
more than 100,000 OMEGA prod-

ucts. Each issue focuses on a particular measurement
and control topic. The premiere issue, Non-Contact
Temperature Measurements, provides information on his-
torical and theoretical principles in addition to selec-
tion and application guidelines. Other issues include
Data Acquisition Systems; Pressure, Strain & Force, and
Flow and Level Measurements. OMEGA Engineering
Inc., One Omega Dr., P.O. Box 4047, Stamford, CT
06907-4047; Tel: 203-359-1660; Fax: 203-359-7700; e-
mail: info@omega.com; www.omega.com

OMEGA Engineering

For More Information Circle No. 639

FREE CATALOG OF
TOOLING
COMPONENTS

The Reid Tool Supply catalog
offers more than 40,000
items, including handwheels,
handles, knobs, spring and
ball plungers, vibration-isola-
tion items, leveling pads,
clamps, set-up accessories, locating devices, linear
motion slides, latches, hinges, thread inserts, bear-
ings, and more. Most items are available in inch and
metric. All items are in stock for same-day shipment
with no minimum-order requirement. Reid Tool
Supply Co., 2265 Black Creek Rd., Muskegon, MI
49444; Tel: 800-253-0421; Fax: 800-438-1145;
www.reidtool.com; IMTS Booth # E2627

Reid Tool Supply Co.

For More Information Circle No. 640

DSP LOCK-IN
AMPLIFIERS

The SR810 (single
phase) and SR830
(dual phase) DSP
lock-in amplifiers
have a frequency range of 1 MHz to 102.4 kHz and
provide 100 dB of dynamic reserve without pre-fil-
tering. Output time constraints range from 10 ps to
30 ks, with 6, 12, 18, or 24 dB/oct rolloff. A low dis-
tortion (-80 dBc) synthesized reference source and
GPIB and RS-232 computer interfaces are standard.
SR810 (U.S. list) $3,650; SR830 (U.S. list) $3,950.
Stanford Research Systems; Tel: 408-744-9040; Fax:
408-744-9049; e-mail: info@thinkSRS.com; www.
thinkSRS.com

Stanford Research Systems

For More Information Circle No. 641

MGeneuI:! d COATINGS FOR
e e § METALS RESIST
T8 ABRASION &
' | CORROSION
i! Magnaplate-applied coatings that
I improve performance of metal

parts are detailed in an 8-page
Engineering Data Guide. Hardness, friction, wear,
temperature, thickness, and corrosion & abrasion
resistance properties of 13 super-hard, non-stick,
permanent, surface enhancement coatings are
described. Also includes FDA/USDA/AgriCanada
approvals. General Magnaplate, Linden, NJ 07036;
Tel: 800-852-3301; Fax: 908-862-6110; e-mail:
info@magnaplate.com; www.magnaplate.com

General Magnaplate

For More Information Circle No. 642

SCSsI
ENCLOSURES

StorCase™ Tech-
nology is pleased to

announce the re-

lease of a new line of external expansion chassis,
the InfoStation™ backplane-design SCSI enclosure.
Its direct connect backplane supports up to 9 high-
density, high-speed, 3.5" SCSI single-ended, Ultra2,
or Ultral60 SCA devices for RAID or JBOD applica-
tions. With upgrade slots for adding RAID and SAF-
TE controller modules, the InfoStation is ready for
the future when you are. StorCase Technology, a
Kingston Technology Co.; www.storcase.com

StorCase Technology, Inc.

For More Information Circle No. 643

ELECTRO-
MECHANICAL
POSITIONING
SYSTEMS

Complete systems, sub-sys-
tems, or component products
are offered at selectable levels
of integration in this compre-

hensive guide to positioning
and motion comrol A full spectrum of automation
products including single axis tables, linear motor sys-
tems, and high speed gantry robots, provides “best
fit” solutions for automation applications. Parker
Hannifin Corp., Daedal Division; Tel: 877-772-0205;
e-mail: ddI007@parker.com; www.phdaedal.com/tblf

Parker Hannifin Corp.,
Daedal Division

For More Information Circle No. 644

NASA Tech Briefs" NEW online guide to

engineers.

« Search by keyword or within 25+
product categories

* Locate B2B suppliers and sites
offering e-commerce

to the eGuide.*

suppliers, products, and services for design

« Link directly to company web sites

Plus: Add your company’s information

NOW IT'S eASY TO FIND
©NGINEERING TOOLS WITH eGUIDE

Go to:

www.nasatech.com/eguide

All searches are free of charge.

*For companies not currently advertisin
NASA Tech Briefs products, there is a small fee
to add a listing. See web site for details, or
contact Luke Schnirring, luke@abptuf.org.
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Color Sensor

The S7505 surface-mountable, three-
color sensor from Hamamatsu Corp.,
Bridgewater, NJ, is designed with three nar-
row band filters mounted on a single-chip,
four-element detector. It provides color sep-
aration for red, green, and blue, making it
suitable for color recognition in a variety of
measuring instruments. The sensor measures 9.4 x
2.0 x 9.0 mm, and has an operating temperature range from -10° to
+60° C. Dark current is 10 pA and sensitivity is 0.23 A/W at 460 nm for
the blue filter; 0.28 A/W at 530 nm for the green filter; and 0.45 A/W
at 660 nm for the red filter. Circle No. 730

Power Network Analyzer

Dewetron, Charlestown, RI, has
announced the PNA-3000 power net-
work analyzer that performs several
power quality measurements simultane-
ously. The unit is an FFT analyzer of harmon-
ics and interharmonics, power and energy flow meter,

flicker meter, voltage monitor, transient recorder, and data post-

processor. Data is captured into the internal drive and displayed in
real time. It is operated via a touchscreen, or with a standard keyboard
and mouse. The system accepts any standard modem for remote oper-
ation. Signal conditioning and calibration are conducted in the system
software. Circle No. 731

Precision Balances

An enhanced line of BL and EL Series precision balances has been
released by Setra Systems, Boxborough, MA. The balances employ vari-
able capacitance technology and Moment Insensitive Load Cell design.
Capacities range from 200 g to 4100 g. The balances feature six keys;
can display weight in grams, ounces, carats, percent, and programma-
ble user-defined units; and can display flow rate in grams per second.
Single-range and dual-range models are available. Circle No. 732

Laser Gauging Sensor

The SLS 6000 Class II, non-contact,
laser-based dimensional industrial
gauging sensor from LMI Selcom,
Southfield, MI, features stand-off of
400 mm, with a 50-mm measurement
range, a built-in signal processor, and sampling frequency of 16,000
times per second. The sensor is adaptable for a variety of measure-
ment applications within the rubber and associated industries, and
can be used in high-speed applications. The sensor features a flat lens
shield and an internal air purge system to cool the unit. Circle No. 734

Ring Removal Tool

Smalley Steel Ring, Wheeling, IL, offers a spiral retaining ring
removal tool to remove multiple-turn rings. The tool fits between the
ring layers to access the removal notch.
When
removal notch and eliminates slipping

in place, it surrounds the

as the ring’s free end is pulled out radi-
ally or up for removal. The tool is avail-
able in four standard ends: small-
straight, small 90° bend, large-straight,
and large 90° bend. Circle No. 735
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highly
flexible trims
and seals
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and superior
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protection.

| |*Easy application

| |eWithstands: temperature
' | exiremes, moisture, petrochemicals
| | *Significant noise reduction

oPSA or 3M™ Acrylic Foam Tape
prevents moisture and contaminants
from seeping between attached parts.
TOLL FREE

1-888-TRIMLOK

874-6565
TRIM-LEK ° nc.

If you have an edge...we have a trim!

E-mail: trimlok@aol.com
(ome e us onine:http/ / www. trimlok.com
6855 Hermosa Circle ® Buena Park, (A 90622 "_ﬁ

‘ Leader of flexible plastics and rubber extrusions for over 25 years.
For More Information Circle No. 428
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Flex-Circuits

hi-rel, high-density interconnection

A 3-dimensional approach to
electronics packaging

Single layer to multilayer « MIL-P-50884C certified, all
types o Optional connectors & pins for simplified
| assembly e Integral wire-wound inductive coils
o SMT-ready design ¢ 0.003" lines/spaces

‘ Replace hard wiring, connector systems & circuit boards
i to create smaller, more reliable electronic packages
« Avionics e Medical devices e Telecommunications

« Military radios e Panelized flex for pick & place

M I N co PRODUCTS, INC.

| 7300 Commerce Lane e Minneapolis, MN 55432-3177 U.S.A.
‘ Telephone: (612) 571-3121 » FAX: (612) 571-0927
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noise, less than 1 milliohm resistance. -

+ Durable, compact, low cost, no maintenance. Ideal for
computers, instrumentation, thermocouples, strain
gauges, packaging, heating and control equipment.

Mercotac..

6195 Corte del Cedro 2100
Carlsbad, California 92009

760 431 7723  Fax 760 431 0905
Internet: www.mercotac.com
e-mail: info@mercotac.com
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SPACE-SAVER

Vertical Gyro

THE SMALLEST LIGHTWEIGHT
VERTICAL GYRO IN THE WORLD

Miniature gyro gives you
precise vehicle control
of pitch and roll.

Fully qualified.

28 VDC power.

Optional input ranges.
Life tested to 1000 hours.

: 2.26" x 4.75"

APPLICATIONS: Guidance and control for
helicopters, target drones, missiles,
torpedoes and underwater vehicles.

"

ARY OF REMEC

212 Balboa Ave. San Diego, CA 92123
858-565-6873 Email: humphreysales@remec.com
C.cOmM  SAN DIEGO & WORLDWIDE REPRESENTATION
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Design Automation

Geomate Corp., San Jose, CA, has released GrafiCalc 2.0 mechani-
cal design automation software that synthesizes geometry, calculations,
and design goals in an extendable environment. The software incor-
porates behavioral modeling, which enables users to solve a range of
mechanical engineering problems that benefit from optimization
against fit, form, functional criteria, and measured values. Users can
specify desired results such as area, moment of inertia, volume, cost,
weight, distance, tolerance, and stress, and the software synthesizes
geometry that meets the specified design goals. Circle No. 715

Design/Stress Analysis

PVElite Version 4.0 pressure vessel design
and stress analysis software is available from
COADE, Houston, TX. The new version fea-
tures a 3D model viewer, DXF file genera-
tion, and updated local stress evaluation for
round hollow nozzles on spheres and cylindrical shells. The software
also incorporates pressure vessel codes and standards, providing engi-
neers, designers, and fabricators with graphical modeling capabilities
for data assembly and vessel analysis. The new 3D viewer can read and
render any input file, and includes real-time model rotation, zooming,
panning, cutting planes, and wireframe viewing. Circle No. 716

Simulation/Visualization

Global Majic Software, Huntsville, AL, has introduced 3DLinx™ 1.5
language-independent simulation development software for building
interactive, 3D, web-enabled models. Object-
oriented coding allows a living model to be
programmed with the characteristics and
behaviors needed to produce realistic actions
and natural interactions within an environ-
ment. The models can either be downloaded
or created for use in virtual reality applica-
tions and simulations. The software incorporates APIs, scene graph
management, view culling, and collision detection, and is compatible
with Visual Basic™ and Visual C++™. Circle No. 717

Servo Sizing Software

Servo Mechanical Analysis software from Industrial Indexing
Systems, Victor, NY, allows users to model the mechanical elements of
a system, choose various motion profile
shapes, and analyze all aspects of motor/
drive sizing. The software includes feed
drive, ballscrew, and conveyor models, as
well as a database of Delta Series™ motors
and drivers with servo sizes from 30w to
14.3kW. The software predicts the regenera-
tion capacity needed for the application, and the results can be stored
in a file and/or printed in a summary. Circle No. 718

Development Software

e

Compaq Computer Corp., Nashua, NH,
has released Version 6.5 of its Fortran 95
compiler for Windows. Compaq Visual
Fortran for Windows 95, 98, 2000, and NT is
a development system that includes the
Fortran 95 compiler, a visual development envi-
ronment from Microsoft, access to the Win32
Application Programmer Interfaces, and support
for Fortran PowerStation and other Fortran lan-
guage extensions. Designed for programming applications in scientif-
ic, engineering, and technical fields, Compaq Visual Fortran includes
Visual C++ 6.0, and Microsoft’s Studio toolset. Circle No. 719

g

NASA Tech Briefs, October 2000



New

LITERATURE.........

Coupling Products

Colder Products, St. Paul, MN, has
released a 60-page catalog featuring 100 new
products, five new product lines, and over
1,000 standard products. Applications
include general industrial bioprocessing,
medical device, semiconductor, and food
and beverage industries. Products include
subminiature, general purpose, chemical
handling, multiple line, dispensing, and
specialty product couplings. Circle No. 722

Magnetic Shielding
A four-page brochure from Magnetic
Shield Corp., Bensenville, IL, describes
shielded cable, conduit, sleeving, and wire
manufactured using CO-NETIC AA Alloy,
designed to control low-frequency interfer-
ence caused by magnetic fields. Featured
are CO-NETIC AA Alloy braided sleeving,
Spira-Shield flexible conduit, and Inter-8
weave cables. Circle No. 723

Industrial Hydraulics

Parker Hannifin Corp.’s Hydraulics
Group, Cleveland, OH, has announced
the availability of a CD-ROM catalog that
includes over 3,000 pages of information
on designing an industrial hydraulic sys-
tem. Products include pumps, motors,
cylinders, valves, electrohydraulics, accu-
mulators, rotary actuators, and filtration
products. Circle No. 724
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Use the Web addresses listed below to obtain more information from the
Sfollowing companies featured editorially in this issue.
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DSM Engineering Plastic Products,
Reading, PA, has released a 47-page catalog Magnetic Shield Corp. ....c.c..... www.magnetic-shield.com ......723.......... 77
of plastics for machining. Products include
nylon for general-purpose structural com-
ponents, acetyl products for parts in wet The MathWorks ..........cccvviiuinenias www.mathworks.com .............. TOD. i 38
environments, Ertalyte® PET-P, PSU 1000
polysulfone, Radel R polyphenylsulfone, Mechanical Dynamics ................ www.designtechnologies.com ................ 28
and Ultem polyetherimide. Each product
listed includes applications for which it has MSC.Software Corp. ......cooeeunss www.mscsoftware.com ........... 706..........38
been used. Circle No. 725
Parker Hannifin..........cccovinunnens WWW.Parker.com ..........cousueneas Y4 I 77
Communication/Data Acquisition
A 180-page catalog from Quatech, CMALEEh i it sitanssoriinissons www.quatech.com .........ccc.... | S, 77
Akron, OH, features communication, data
acquisition, and signal conditioning prod- Setra SYSEMS ...ccvvuusvrsessassssssnisnss WWW.SELTA.COM ...covverenrrenensens . L IR 75
ucts. New products include the enhanced
Freedom USB Series of USB-to-serial X
adapters, USB hubs, and USB PCMCIA Smalley Steel Ring ....................! www.smalley.com .......ccoovunen. Y £l PR 75
card readers. Also included is the expand-
ed QTM-8000 series of remote signal con- SERERNE ..\ iriemamsaisissio WWW.SLALEASE.COM ..evvrrrrernecsenecs 708..........38
ditioning modules and wireless radio
modem modules that extend a QTM net- Upperspace Corp. ......ceuiunurisivens WWW.UPPErSPACe.COMuumirinrnre 707 0588
work to over 1,000 meters. Circle No. 726
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This Month in

' Rapid Product

Development

—— - .

The web publication for NASA Tech Briefs readers

A Tech Briefs ’all-digital publication, Rapid Product Development Online (www.rapidproducts.net), helps engineers develop
better products faster by providing immediate 24-hour access to the latest information on CAD, FEA, modeling, mold-making,
reverse engineering, and rapid prototyping tools and techniques. This month’s RPD Online includes:

BMW Uses Computer
Simulation to Ensure
Motorcycle Stability
BMW engineers are
achieving greater assur-
ance of meeting stability
requirements by using
DADS mechanical system
simulation software from
LMS CADSI, Coralville,
IA, to evaluate motorcy-
cles through a wide range
of potential dimensions. The computer simulation makes it easier to
change the design parameters and configurations being evaluated. It
also provides the opportunity to evaluate the performance of equip-
ment under extreme conditions that could be dangerous, damaging,
and expensive to perform on the test track.
www.rapidproducts.net/Oct00/bmw1000.html

CAD Program Helps NASA Develop
Miniature-Spectrometer Design

The basic design for an instrument to be used on a NASA mis-
sion was developed entirely in MiniCAD — a relatively inexpen-
sive CAD system from Nemetschek North America, Columbia,
MD. Instrument designers tradi-
tionally have used detailed math-
ematical calculations to design
mass spectrometers. The diffi-
culty with this approach is that
the complexity of the equations
involved makes it very easy to
overlook alternate approaches
that might reduce the size and
magnetic moment of the instrument. Engineers at NASA God-
dard Space Flight Center found that laying out the basic geome-
try in MiniCAD enabled them to easily conceptualize the design
parameters and evaluate alternate approaches simply by manip-
ulating the geometry.
www.rapidproducts.net/Oct00/nasal 000. html

Designing to One-Quarter the Size
in One-Quarter the Time

To repackage an exist-
ing instrument, reduce
its size by one-quarter,
and update its appear-
ance, ABB Process Ana-
lytics turned to Solid
Edge solid modeling
software from Unigraph- [ET0
ics Solutions, St. Louis, MO. This project was com-
pleted in three months — about one-quarter the time
it would have taken using ABB’s previous 2D CAD sys-
tem. “One reason we were able to turn this project
around so quickly was the software’s sheet-metal mod-
eling capability,” said Todd Fenstermacher, an ABB
mechanical engineer. “It did things like automatically
calculate bend allowances and unfold the metal. The
other big time-saver was how quickly we could make
changes to the design.”
www.rapidproducts.net/Oct00/solidedgel 000. html

New Product Highlights

The Hyscan 45 from Hymarc 3D Vision Systems, Nepean,
ON, Canada, is a high-performance 3D scanning laser digi-
tizer that acquires XYZ data points from any object. It is
designed to fit any coordinate mea-
suring machine (CMM),
computer numerically con-
trolled (CNC) machine, or
other translation device. Ap-
plications include reverse en-
gineering, design, rapid pro-
totyping, and inspection.
www.rapidproducts.net/Oct00/products1000. html

Be sure to visit www.rapidproducts.net for the latest H : ,
information on the rapid product development industry. www'rap 'dp ro duCts .n et

Solid Edge is

Unigraphics Solutions’
\/ mid-range CAD
software package.

Sponsors:

SOLID EDGE PlanetCAD

For advertising and sponsorship
information, contact
Joe Pramberger at
joe@abptuf.org; Tel: 212-490-3999.
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