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LabVIEW and computer-
based measurement
and automation in
helping MicroCraft
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customizable test
systems with less

Increase your test productivity
by 10X with easy-to-use
National Instruments LabVIEW™.
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! Provide user friendly and ergonomically
designed operator accessibility to control

Support
multiple i
locations J1°
with a Mobile g§
WorkStand
solution.

Computer accessibility while
maximizing plant floor
workspace.

Bring computer
peripherals directly to 5
the “point-of-use”. d

revolutionary

~ turnin
iIndustrial

efficiency.

The economics
of Ergotronics

Time is money.
Space is a premium.
Efficiency is productivity.

That’s why Ergotron computer mounting
systems maximize the effectiveness of
computer hardware and the people who
use it. We help you position plant floor
computer networks where they work
best. In terms of dollars per square foot.
Time-motion efficiency. Accessibility.
Even repetitive motion considerations.

And when you take a closer look at
Ergotron designs, you'll discover even
more of the little things that make a big
difference.

Discover how Ergotron can increase
your industrial automation efficiency.

Just call 1-800-888-8458 for a Free
consultation from our Efficiency Experts.

Take a closer look.

, ERGOTRON"
1.800.888.8458

www.ergotron.com
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with dependability and integration that only Mathematica can provide

WOLFRAM
RESEARCH

Check out Mathematica 4 and see the beginning of gigaNumerics™
www.wolfram.com/mathematicad/nth or 1-800-WOLFRAM

Researchers and engineers worldwide use Mathematica for modeling, analysis, numeric and symbolic computation, visualization, and as a technical document system.

Wolfram Research, Inc.: www.wolfram.com; info@wolfram.com; +1-217-398-0700
Wolfram Research Europe Ltd.: www.wolfrom.co.uk; info@wolfram.co.uk; +44-{0)1993-883400
Wolfram Research Asia Ltd.: www.wolfram.co.jp; info@wolfram.co.jp; +81-{0)3-5276-0506

© 1999 Wolfram Research, Inc. Mathematica is a registered irademark and gigaNumerics is o trodemark of Wolfram Research, inc. Mathematica is not essociated

with Mothematica Policy Research, Inc. or MathTech, Inc

Sales inquiries outside the U.S. and Canada:
www.wolfram.com/services/intdealers

All Mathematica products re available for Microsoft Windows, Mocintosh,

and most Unix platforms.
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There’s always one.

*k In every engineering department, there’s one person who's not particularly happy about
using the same 2D design tools that have been around since—well, since disco. But that’s
all about to change. Introducing thinkdesign, the first full-strength 3D software that’s
way easy to learn, ridiculously easy to afford, and incredibly cool to use. So who cares
what the guy in the next cubicle is using? This is you we're talking about. To get the
whole story, call us at 1-877-987-7733 or email us at productinfo@think3.com. Stand out.”
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Join the FEA software industry leaders every Tuesday at 10:00 a.m. Eastern Time in a Live Webcast to learn
more about using Algor, the leading technology software for mechanical engineers. Each hour-long Webcast con-
tains general news, frequently asked questions, a main topic presentation that shows Algor software in action and
a general panel discussion focused around a topic, such as Mechanical Event Simulation, the use of Algor’s pro-
prietary kinematic elements or Algor’s interoperability with CAD solid modelers. Algor President and CEO Michael
Bussler and other key technical experts frequently join Algor application engineers for the Webcasts. During the
Webcast, engineers can phone or email questions to be answered live by the panel. After the broadcast, Webcasts
are made available as Webcast replays for a personal, free screening any time.

FEAvs Med\anlcalEventShnulaﬁon Algor’sPlpePakAna!yslsCapabmﬁes And more
See our web site for a list of dates and topics of upcoming Webcasts and Webcast replays.

Watch the live Webcasts to interact during the broadcast and About the Streaming Video Format:
The streaming video format used for all Webcasts is designed for

have your questions answered live.
« Email your questions before or during the Webcast to vmm Modia Player. Since most of Algor's o it
webcast@algor.com e Hasgm
« Call in during the Webcast at +1 (412) 967-2700 x3014
« If there is a point of interest or subject matter that you would
like added to the schedule, please send an email to
webcast@algor.com

For a complete listing of upcoming Algor Live Webcasts and Webcast replays go to:

www.algor.com/webcast
Working with In(:AD“”"S and Mechanical Event Simulation for Better Product Design
Design new products wi »wCADsystnnmmAlgotsmCADPh“mdthsxcs-BmdMechmmlEvmSunnlzmonsoﬂwm‘
! § ADlus mblmm\m\cmsmﬂmmdmknﬂmﬂammdmbgmmﬂzdwmpwﬂ o

ign new products that are more reliable, have lower pro-
; 7 45 works with the CAD solid modeler capturing the exact When the Engineering
assembly or part geometry in coordination with the CAD API, eliminating data translation problems. When Algor and the CAD solid mod- Has to be Righf
eler reside on separate computers, Algor's Direct Memory Image Transfer (DMIT) technology can achieve the same level of interoper-
ability without file translation. Algor, Inc.
—— | 150 Beta Drive, Pittsburgh, PA 15238-2932 USA
‘ - =i = Phone: +1 (412) 967-2700
B Autodesk. el Voyager B2l PAtA M TrIC | Fax +1 (412) 967-2761
b Seba ookt Member TEcuNoLocy | California: +1 (714) 564-0844
‘ LORFORATION | Europe (UK): +44 (1784) 442 246
o PARTNERS | Email: info@algor.com
www.algor.com

Registered Developer

CADKEY
All trademarks may be trademarks or registered trademarks of their respective owners.

For More Information Circle No. 510 or Visit www.nasatech.com/Algor1
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Laser Marking Software

PRODUCT OF THE MONTH

Invention Machine Corp.’s
CoBrain™ Knowledge Processor | = -
creates a structured knowledge

database from a variety of |~
external sources.

16

ON THE COVER

Parr Instrument Co. of Moline, IL, designs and
manufactures glass pressure vessels and stirred
reactors with magnetically coupled agitation.

il The company created this part with CADKEY*®
99 mechanical CAD software from CADKEY
Corp. of Marlborough, MA. Learn more about
CADKEY 99, and other new software advances,
in the Special Coverage on Design and Analysis
Software beginning on page 24.

sy of Parr Instrument Co

Permissions: Authorization to photocopy items for internal or personal use, or the internal or
personal use of specific clients, is granted by Associated s Publications, providec
the flat fee of $3.00 per copy be paid directly to the Copyright Clearance Center (2

Wood Dr., Danvers, MA 01923). For those organizations that have been granted a photocopy

license by CC(

a separate system of payment has been arranged. The fee code for

users of the

Iransactional Reporting Service is: ISSN 0145-319X194 $3.00+ .00

[Standard mail enciosed in versions 2. 3, 4, SA. 6A, 7A, 8A]

Low cost, easy-to-integrate
laser technology for OEMs and

ynrad has made it
easier than ever to incor-
porate CO, lasers into
industrial marking systems
with a full range of laser
marking components that
are flexible, easy to inte-
grate, and affordable.

In fact, Synrad offers all
the components you'll
need to assemble a com-
plete laser marking system
(you supply only a PC)-
including the software!

For More Information Circle No. 410

Systems Integrators

CO, lasers can be
used to mark a wide range
of materials - and, lasers
offer a number of benefits
over other marking tech-
nologies, including less
maintenance and higher
throughput.

To find out more about
Synrad CO, laser marking,

call 1-800-SYNRAD1
today!

SYNRAD

An Excel Technology Company




Advanced Instruments
For The World

GagelLab DSO Deep Memory Oscilloscope

Specialty Digital Storage Oscilloscope 1 Billion Point Acquisition Memory
Combining high resolution, 500 MS/s 8 Channels
fast sampling, deep memory and

built in computing for difficult ~Deep Memory Logic Analyzer
measurement problems

2 GB Acquisition Memory
100 MHz Clock

Up to 256 Bits GageScope

for Windows

Analog Input Cards
Up to 500 MS/s World’s Most Powerful

16 Bit, 2.5 MS/s - . Oscilloscope Software
12 Bit, 100 MS/s :
16 Meg Memory

* Now Also Works With

PCI Bus 4 il
N 3
Analog Output Cards f o' < - SuperRes
Up to 80 MHz as
~0 . - 1 Million point FFT
Digital Input Cards :: A g
32 Bit, 100 MHz nz L : - Load and Store Setups
on PCI Bus ﬁ e “ }
.
5 ‘,}“3 —_— - Load and Store Signals
Digital Output Cards AR
32 Bit, 50 MHz —5% ” - AutoSave
a

Software - Averaging and Co-adding

Development
Kits for:
C/C++, .
MATLAB, - 100 MS/s, 12 Bit Scope

LabVIEW for - 16 Meg Memory
Windows 95/98, - PCl Bus

- Waveform Parameters

Windows NT 8 Channel 80 MHz Arbitrary Waveform 24 Channel,

and DOS 500 MS/s Generation System with 50 MHz Scope Windows 95
8 Bit A/D System 8 Simultaneous Outputs (A/D) System with Windows 98
on PCI Bus with 16 Meg Memory 4 Meg Memory Windows NT

per output channel per Channel

For Free Application Engineering

Call: 1-800-567-GAGE P o

Ask for Extension: 3406 | Tel: 800-567-GAGE
Fax: 800-780-8411

www.gage-applied.com/ad/nasall99.htm [y

From outside the United States contact, Gage Applied Sciences Inc., 2000, 32nd Avenue Lachine, Montreal, QC, Canada H8T 3H7 Tel: (514) 633-7447 Fax: (514) 633-0770
For More Information Circle No. 532
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COMPUTER

& VIDEO
SOURCES

NGLE SCREEN

SUPERVIEW

DISPLAY PROCESSOR

LETS YOU COUNT UP TO

-

IN REAL-TIME AND
FULL COLOR
Display up to
simultaneous video inputs
including NTSC/PAL or S-Video

Display up to
simultaneous computer inputs
up to 1280 x 1024 pixels

Display a combination of
simultaneous video and
computer inputs

Position and scale each
window independently

Zoom within each window

Overlay computer graphics
on video

RS-232 or front panel control

Visit our web site
http://www.rgb.com

FIGB SPECTRUM

‘?50 Marina Vu“og() Pcukwoy
Alameda, California 94501
Tel: (510) 814-7000

Fax: (510) 814-7026

E-mail:sales@rgb.com

For More Information Circle No. 411
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The new XES 8825 DDS.
Watch your productivity surge
with integrated, wide-format

scanning, printing, and copying.

Announcing the new 8825 DDS.

It delivers more productivity features
than any other system in its class. Like
simultaneous printing, scanning, or
copying. Built-in electronic collation.
On-demand reprints of scanned jobs.
And 400 dpi resolution for remarkable
image quality. What's more, our unique
AccXES™ controller delivers true
modularity, so our system can grow
with your requirements. The 8825 DDS.
It’s simply the most productive new

way to channel your work.

Discover 25 ways to simplify the way you wor

(877) XES 8212, ext. 14

Contact us today and receive a FREE

desktop gift...while supplies last!

' - XEROX
S ENGINEERING
" SYSTEMS

XESystems, Inc. 1999, AccXES™, the digital box icon and the
acronym XES are trademarks of XESystems, Inc. Xerox* and the 8825
DDS are trademarks of Xerox Corporation. All rights reserved
Offer good until 12/31/99 or while supplies last

www.XES.com
For More Information Circle No. 535



NASA

Team

Commercial
Technology

NASA’s Technology Sources

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

Ames Research
Center

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

Human Factors.
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.
Lee Duke

(805) 258-3802
lee.duke@dffrc.
nasa.gov

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

nasa.gov

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

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

Johnson Space Langley Research Marshall Space
Center Center Flight Center
Selected techno- Selected techno- Selected techno-
logical strengths: logical strengths: logical strengths:
Artificial Intelli- Aerodynamics; Materials;
gence and Flight Systems; Manufacturing;
Human Computer  Materials; Nondestructive
Interface; Structures; Evaluation;
Life Sciences; Sensors; Biotechnology;
Human Space Measurements; Space
Flight Operations; Information Propulsion;
Avionics; Sensors;  Sciences. Controls and
Communications. Dr. Joseph S. Dynamics;
Hank Davis Heyman Structures;
(281) 483-0474 (757) 864-6006 Microgravity
hdavis@gp101.jsc. j.s.heyman Processing.
nasa.gov @larc.nasa.gov Sally Little

(256) 544-4266
Kennedy Space sally.little@msfc.
Center John H. Glenn nasa.gov
Selected techno-  Research Center
logical strengths: at Lewis Field
Command, Selected techno-  Stennis Space
Control, and logical strengths: Center
Monitoring Aeropropulsion; Selected techno-
Systems; Range ~ Communications;  logical strengths:
Systems, Fluids Energy Propulsion
and Fluid Technology; Systems;
Systems; Materials ~ High Test/Monitoring;
Evaluation and Temperature Remote Sensing;
Process Materials Nonintrusive
Engineering. Research. Instrumentation.
Gale Allen Larry Viterna Kirk Sharp
(407) 867-6226 (216) 433-3484 (228) 688-1929
gale.allen-1@ cto@ ksharp@
ksc.nasa.gov eSOy 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 Dr. William Gasko Gary Sera
National Technology Center for Technology Mid-Continent
Transfer Center Commercialization Technology Transfer
(800) 678-6882 Massachusetts Center
Technology Park Texas A&M University
(508) 870-0042 (409) 845-8762
Ken Dozier
Far-West Technology J. Ronald Thornton Lani S. Hummel
Transfer Center Southern Technology Mid-Atlantic Technology
University of Southern Applications Center Applications Center
California University of Florida University of Pittsburgh
(213) 743-2353 (352) 294-7822 (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 pro-
jects of potential interest to industry.
The street address for these strategic
business units is: NASA Headquarters,
300 E St. SW, Washington, DC 20546.

Carl Ray

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

nasa.gov

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

John Mulcahy
Office of Space Flight
(Code MP)

(202) 358-1401
jmulcahy@mail,
hqg.nasa.gov

Gerald Johnson
Office of Aeronautics
(Code R)

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

Bill Smith

Office of Space Sciences
(Code S)

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

Roger Crouch

Office of Microgravity
Science Applications
(Code U)

(202) 358-0689
rcrouch@hqg.nasa.gov

Granville Paules
Office of Mission to
Planet Earth

(Code Y)

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

NASA's Business Facilitators

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

promise.

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

B. Greg Hinkebein
Mississippi Enterprise
for Technology
Stennis Space
Center, MS

(800) 746-4699

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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INTRODUCING RHINOJR.
A NEW ADDITION

TOTHE
KINGSTON STORAGE FAMILY.

SOME FEATURES ARE SIMPLY INHERENT, as is the case with the new Kingston® Rhino®JR
fixed and removable storage enclosures. Just like Kingston’s rugged “Rhino” product line,
RhinoJR products are platform independent and constructed of sturdy metal. Nearly as tough, and of course,
just as good looking, RhinoJR enclosures support fixed or removable implementations for today’ fastest drives.

RHINOJR REMOVABLE ENCLOSURE RHINOJR FIXED ONE BAY ENCLOSURE

o Supports AT/IDE or SCSI Wide and Wide Ultra Devices e Supports 3.5" SCSI 1, 2, 3, Ultra and Ultra2(LVD) Devices
® (2) Auto-Sensing Cooling Fans with Audible Alarm e Auto-Ranging 40 Watt Power Supply

e 7-Segment SCSI ID and Drive Activity Display o Highly-Rated, Low-Noise 22.1 CFM Cooling Fan

o Power-On/Fan Failure LED ® Drive Activity and Power-On LEDs

o Handle Assisted Carrier Eject and Key Lock e Includes All Drive Mounting Hardware

N
Call Kingston today at (800) 259-9370 to find out how you can adopt your very own RhinojR. .Kisl‘cl%)t!?!‘v

STORAGE PRODUCTS DIVISION

G L Bt 2N

T

Kingston Technology Company, 17600 Newhope Street, Fountain Valley, CA 92708, USA (714) 438-1850, Fax (714) 436-1847. © 1999 Kingsion Technology Company Al rights reserved.
Al trademarks and registered trademarks are the property of their respective ownen

For More Information Circle No. 527




Reader Forum

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

the address below.

| work with a 3/16" carbon steel tank top
located next to LaGuardia Airport in New
York City. It is exposed to a salt air, semi-
harsh weather environment. The tank top
was painted more than 20 years ago with a
zinc-rich primer and top coat paint. This
coating failed eight years ago, and the tank
top was then painted with a Mathys coat-
ing (elastomeric). This is showing signs that
it is approaching the end of its life. What is
the experience of others in painting/coating
steel surfaces in such an environment? | am
looking for recommendations. Thank you.

Edwin P. Jakubowski
jakubowskie@ConEd.com

Your August issue featured a tech brief
on FoilSim software from NASA's Glenn
Research Center (page 32). The software
teaches students about airfoils, and helps

them perform simulated flow experiments
I'm interested in obtaining a copy of FoilSim
for my 12-year-old son, who is interested in
aerodynamics. How can | find it?

Larry Morton
L_Morton@pacbell.net

(Editor’s Note: Larry, you can download
FoilSim through NASA's John H. Glenn
Research Center’s web site at: http://www.
grc.nasa.gov/Other_Groups/K12/aerosim/.)

I'm a project engineer for a company
that makes recreational vehicles such as
snowmobiles, personal watercraft, and all-
terrain vehicles. For a two-stroke engine,
the exhaust pipe is a very important part of
how the engine performs. | volume-check a
certain percentage of the exhaust pipes by

filling the pipe with tap water and weigh-
ing the pipe. This gives me the volume of
water displaced. Is it possible to check the
volume of a pipe by using frequency? Does
the frequency change if the volume gets
bigger or smaller? Thanks for any informa-
tion you can provide.

Dan Johnson
Djohnjohnson@hotmail.com

Does anyone have any information on
colored lamps for use in high-power
applications? We have done tests with
several types of colored coatings, but
none passed the illumination require-
ments. We are looking for red, green,
blue, and amber lights. Thanks.

Quinton Beyer
gbeyer@worldnet.att.net

Post your letters to Reader Forum on-line at: www.nasatech.com or send to
Ave., New York, NY 10017; Fax: 212-986-7864. Please include your name, company (if applicable), address, and

phone number or e-mail address.
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SITE OF THE WORLD’S FINEST
ELECTROMAGNETIC SIMULATION

SOFTWARE

INTEGRATED

ENGINEERING SOFTWA

204-632-5636
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Why Do They Call

/

It Re-search? 4§
We Think We Know.. 3

Your job requires solving problems. Some days '.;
that's the easy part. You're tasked not only with
identifying and stating problems correctly, but
developing optimum solutions and products
while saving time and money. If you only had
more time, better software tools, and access to
the technical information you really need.

Invention Machine's Knowledge-Based Inno-
vation solutions provide tools specifically
designed to look and act like you think. Our
latest breakthrough reduces the hours of
drudgery you spend locating and reading
through hundreds of documents before
you can even begin to solve your problem.

Introducing Knowledgist™ —

The new knowledge analysis tool that
dramatically increases your knowledge

capture and problem-solving productivity.
Knowledgist semantically processes and
structures technical information in a problem-
solution format uniquely applicable to finding ;&8
answers, not more questions. It then creates an
easy-to-use index of functional categories — ¢
reduce power, increase viscosity, remove particle
— with hyperlinks to your source documents. In
short, Knowledgist raises your "knowledge quotient"
— allowing you to innovate at an unparalleled rate!

-
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oBrain™ knowledge processing software from Invention Machine

Corp., Boston, MA, allows users to semantically process large num-

bers of electronic documents from diverse information sources to

create a structured corporate knowledge base. CoBrain enables
users to capture and process electronic information from internal and
external sources, including research reports, patents, conference proceed-
ings, and technical journals. It extracts and presents an index of technical
documents displayed in a problem-solution format that enables users to
find solutions to engineering and scientific problems. A description of
each solution listed in the index is displayed, as well as a direct link to its
corresponding source document. The semantic processing technology
used analyzes large volumes of text to determine the interaction between
words and the meanings of word combinations, divides the content into
sentences, and analyzes the sentences according to meaningful functions
based on subject, action, and object.

For More Information Circle No. 756

A Century of Innovation

hat do you consider the most impor-

tant technological development of
the 20th century? What innovation has had
the greatest impact on our society and
economy in the past 100 years? Cast your
vote for the “Technology of the Century.”
From the transistor, the integrated circuit,
and the laser, to the jet engine, rockets,
satellite, and medical advances such as the
CAT scan and the polio vaccine, the centu-
ry has been dominated by technological
breakthroughs. Vote for your choice at
http://www.nasatech.com/totc/. When
you vote, we’'ll enter your name into a draw-
ing to win free NASA T-shirts. Vote today —
the deadline is December 1, 1999. We'll
publish the results in January — our first
issue of the new century!

Pick the Product!

Next month’s issue will
include your Readers’
Choice Product of the Year
ballot. This is your chance to

vote for the most innovative product of 1999
— and to win some valuable prizes, too!

Vertical Flight Takes Off

t’s the year 2025. Dozens of miniature robotic helicopters

measuring only two to three inches in size dart about as
you head toward your personal roto-mobile to begin your
commute to work. Science fiction? Not according to a group
of visionary scientists and engineers at NASA’s Ames
Research Center in California. Ed Aiken, chief of the
Army/NASA Rotorcraft division at Ames, explained that
there will be “a significant market potential for two very dif-
ferent classes of vertical flight vehicles: ultra-small-scale vehi-
cles operating autonomously, and larger-scale, ‘user-friendly’
vehicles capable of carrying a significant payload.”

NASA sees enormous potential for miniature robotic
rotorcraft, including atmospheric sensing, stealthy urban
warfare surveillance, immigration, drug enforcement, and

Michael Moshier, founder and

CEO of Millennium Jet, is positioned
in the SoloTrek XFV (Exo-Skeletor
Flying Vehicle) personal roto-mobile.
The company has begun its initial
test phase after a three-year
development program.

public safety. There also is potential for personal roto-
mobiles, which could be built for one or two passengers,
have the ability to take off and land vertically, and may be
operated autonomously or with car-like controls. These vehi-
cles could be used by the military to bypass land mines,
blocked roads, impassable areas of water, or for search and
rescue operations.

NASA Ames recently signed a Non-Reimbursable Space Act
Agreement with Millennium Jet of Santa Clara, CA, to cooper-
ate in the development of the SoloTrek Exo-Skeletor Flying

16 www.nasatech.com

Vehicle, a one-person air scooter. NASA will support the com-
pany’s efforts in engineering, technology, and testing.

Aiken cautioned that several obstacles still need to be over-
come. “The whole concept of miniature flying vehicles is in
its infancy,” Aiken said. “The concept of the mini-robo-rotor-
craft can only become reality once these miniature vehicles
are accepted by the public as being of significant value in
improving the quality of life.”

For more information, contact the NASA Ames Public Affairs
Office at: http://ccf.arc.nasa.gov/dx, or phone 650-604-3937.
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NEW

SIMULINK 3

AVAILABLE
NOW

What will you
think of next?

New Simulink 3 is the integrated design and simulation solution that gives you
the power to explore, refine and realize

your control, communications and DSP

designs in a fraction of the time needed for

traditional methods. Powerful extensions

Thirty years ago, NASA's Lunar Module let you create event-driven simulations and
Autopilot took thousands of hours to design. Today, it could
be done by one engineer in about a week using Simulink 3. geﬂerate code automatjcal]y_
Act now. Get data sheets, application examples, user stories and product demos.

See how Simulink 3 can help you build superior products in less time. For more

information, or to buy now, visit www.mathworks.com/nasb. SIMULINK@

Simulink 3 supports

a broad range of
— ~,<
applications from =
initial design concept -
through embedded ) ‘
code generation. toepe s v s o)
The
MATH
T
Inc.
Visit www.mathworks.com /nash
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.

Bl © 1999 The MathWorks, Inc:

For More Information Circle No. 571



Il atellite Software Assists Chandra

Telescope Project

Satellite Tool Kit (STK)® satellite analysis software
Analytical Graphics

Malvern, PA

610-578-1000

www.stk.com

The $1.3-billion Chandra X-Ray Telescope was launched
recently from the Space Shuttle, and is the world’s most pow-
erful x-ray telescope. Its mission is to allow scientists to moni-
tor cosmic events that are invisible to conventional optical tele-
scopes. Chandra’s images are expected to yield new insight
into celestial phenomena such as the temperature and extent
of gas clouds that comprise clusters of galaxies, and the super-
heating of gas and dust particles as they swirl into black holes.

NASA used STK during the mission’s design and develop-
ment, and it is expected to play a crucial role in orbit-transfer
operations. The Chandra mission control center uses
STK/Visualization Option (STK/VO) as a real-time, 3D visual-
ization display to aid in orbit transfer. After the telescope
reached operational orbit, the Chandra mission operations

center continues to use the software to aid in mission opera-

tions throughout the life of the spacecraft.

STK was chosen by Lockheed Martin in June as part of its
solution for NASA’s Consolidated Space Operations Contract
(CSOC), a program valued at more than $3 billion over ten
years that will provide NASA with an infrastructure for space
operations into the 21st century.

For More Information Circle No. 742

Il jetal Seal Helps Keep

Space Shuttle Safe

Metal seals and bellows
Hydrodyne

Division of F.P.I.
Burbank, CA
818-841-9667
www.hydrodyne.com

Imagine temperatures reaching 1,347°F. Now imagine the
challenge of achieving hermetic sealing at those tempera-
tures — far beyond the capability of rubber or plastic gas-
kets. Add to that pressures that soar to 7,900 psi. Those are
the challenges faced on the hydrogen fuel pump of the
Space Shuttle when the main engines fully engage. But
thanks to advances in metallurgy, seals made of metallic
alloys have proven to be the solution.

Pratt & Whitney Space Propulsion in West Palm Beach, FL,
chose metal seals and bellows made by Hydrodyne to meet
the critical needs of the Space Shuttle Main Engine (SSME)
project. According to Mike Paytas, a development engineer
for Pratt & Whitney, NASA needed seals for the turbine
housing on the fuel pump side. “The pressures generated
were in the thousands of pounds psi, and the metal seals
were able to handle it safely. We had them design and man-
ufacture some ‘W’ seals and bellows.”

The choice of material for a metal seal or bellows is based
on compatibility with the system fluid and temperatures.

18 www.nasatech.com

Hydrodyne uses, among other materials, Inconel 718, a nick-
el-chrome alloy, and Rene 41/Waspaloy. Each metal seal has
a coating, which is dependent upon the required degree of
plasticity. Teflon is a commonly used coating; gold is used for
extreme temperatures such as those reached when the shut-
tle main engines are fired. “We are now looking at Hydro-
dyne’s metal seals for our jet engine side,” said Paytas.
For More Information Circle No. 741
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CAN Your ReseARrcH BE [upGeD
By Its Cover?

When you need a program that renders your data and

calculations into vivid, colorful 2-D and 3-D images,

turn to Tecplot. With Tecplot, you can:

* Interactively visualize your data

*  Output presentation-quality plots

* Customize Tecplot to your specific needs
* Build turnkey visual solutions

* Leverage solutions from C or FORTRAN
code base

* Add I/O capabilities for unique data formats
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Tecplot

Version 7.5

PRODUCTIVE POWER FOR DATA VISUALIZATION

AN T=C 1.800.763.7049

AMTEC ENGINEERING, INC. 425.653.1200 or email: sales@amtec.com
www.amtec.com

1999 Amtec Engineering, Inc. All rights reserved worldwide
Amtec and Tecplot are registered trademarks of Amtec Engineering, Inc., Bellevue, WA. All other trademarks are the property of their respective owners
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(:3 Commercialization Opportunities

Tunable, Frequency-Stabilized
Diode-Pumped Tm,Ho:YLF
Laser

This laser has been demonstrated to
operate at a single frequency and to be
both tuned and stabilized in frequency.
Potential applications are in lidar sys-
tems, laser diagnostics, and fiber-optic
communication and instrumentation
systems.

(See page 38.)

Tailoring Fiber/Matrix
Interfaces Through Kirkendall
Defects

In a proposed method, fibers would
be coated with an element that diffuses
readily in the matrix material. Other
coatings could be applied either below
or above the diffusible layer to further
enhance the overall properties of the
composite.
(See page 48.)

Composite-Fuselage Concept
for Greater Crashworthiness

A design has emerged that calls for a
structure made from several glass/
epoxy-fabric and graphite/epoxy-fabric
laminates plus some other materials.
Data from drop tests indicate that a
model with a foam subfloor satisfied the
impact design requirements.
(See page 51.)

Force-Reflecting, Finger-
Position-Sensing Mec%lanism

This device called “Dexterous Master”
is an exoskeletal mechanism that is worn
on a human operator’s hand for mea-
suring the positions of fingers relative to
the palm and applying feedback forces
from a remote robotic manipulator. The
design makes it unnecessary to encum-
ber each finger joint with hardware.
(See page 55.)

Loop Heat-Pipe Evaporator
With Bidisperse Wick Structures

Improved wick structure helps pre-
vent vapor blanketing that can limit
heat-flux capacities to unacceptably low
values. Loop heat pipes equipped with
the improved wicks have demonstrated
good performance at evaporator-wall
heat-flux densities up to 100 W/cm”
(See page 59.)

Insectile and Vermiform
Exploratory Robots

Biomorphic robots are proposed that
would be small, mobile, contain mi-
crosensors, and feature animallike
adaptability and mobility. There are
many hazardous applications where they
can be deployed. For example, the six-
legged variety could be used to search
for antipersonnel mines, whereas the
legless variety could burrow in earth-
quake rubble to search for survivors.
(See page 61.)

HiGH PERFORMANCE

THE CHoICE FOR HIGH PERFORMANCE COMPOSITE
AND ADHESIVE SYSTEM IS AND HAS ALWAYS BEEN

SKYBOND"®

COMPOSITE

One Parker Plaza « Fort Lee, N.J. 07024
Tel: 201-585-0080 « Fax: 201-585-9776
E-mail: karen-ganly@summitprec.com

AND ADHESIVE SYSTEMS

SKYBOND?® products are a family of materials based on aromatic polyimides, one of the most thermally stable
organic materials known to man. The products are solufions of polyimide precursors which, when properly cured,
yield composites and adhesives with the highest thermal stability of any commercially available resin system.

Critical Application: From applications such as shaft seals in jet engines,
to radomes on some of the most sophisticated missiles in the United State
arsenal. SKYBOND's high continuous use temperature and ability to
withstand peak temperatures of greater than 1000° for short periods
guards against failure in these critical applications.

Thermal Stability: Confinuous use temperatures in excess of 280°C and
ability to withstand femperatures of 350°C (>100 hours), and even higher
temperatures (>600°C) for shorter periods.

Distributed by: Manufactured by:
Summit Precision ﬂ
Polymers Corporation  |NpuSTRIAL SUMMIT TECHNOLOGY

Indian Orchard, MA 01151
Tel: 413-730-3578 « Fax: 413-730-3420
Web Site: www.Istusa.com
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Didn’t catch that high speed data?
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...the Dash 16 did!

Capture 16 channels at
200 kHz per channel

Sample Rates to 200,000 samples per second

per channel - You'll never miss a critical event

16 Channels with Universal Inputs for virfua//y
any signal

Color Display for viewing signals in real time

Real time, high resolution chart for immediate hard
copy of important data

16 Megabytes of high speed RAM for data capture
ZIP Drive or Ethernet for data archive to PC

MTE5K2 AstroDAQ 2
Portable 2-Channel Recorder  Portable 4-Channel Recorder  Portable 8-Channel Recorder  32-Channel Rackmount Racorder Portable Data Acquisition System

Astro-Med

Call, E-mail, Fax ! ] plalls. Astro-Med Industrial Park, West Warwick, Rhode Island 02893

€ Phone: (401) 828-4000 * Toll Free: 1-877-867-9783 = Fax: (401) 822-2430
y In Canada Telephone 1-800-565-2216
TEST & MEASUREMENT DIVISION E-mail: MTGroup@astro-med.com » Web Site: www.astro-med.com
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i?- Books & Reports

@ Two-Spacecraft Laser
Tracking for Detecting
Gravitational Waves

A paper proposes a method of mutual
coherent laser tracking of two spacecraft
for detecting gravitational radiation.
Each spacecraft would transmit a laser
beam to, and receive a similar laser beam
from, the other spacecraft. Each space-
craft would also coherently transpond a
laser beam back to the other spacecraft.
Comparison of the phases of the various
transmitted and received signals would
yield four sets of tracking data — two sets
of one-way and two sets of two-way
Doppler shifts that could be partly attrib-
utable to gravitational waves. The data
would be time-tagged and telemetered
back to Earth for analysis.

This work was done by Massimo Tinto of
Caltech for NASA’s Jet Propulsion Labo-
ratory. To obtain a copy of the report,
“Spacecraft to Spacecraft Coherent Laser
Tracking as a Xylophone Interferometer De-
tector of Gravitational Radiation,” access
the Technical Support Package (TSP) free
on-line at wwuw.nasatech.com under the
Physical Sciences category.

NPO-20501

& Digital PIV Measurements
of Flow in a Centrifugal
Compressor

A report describes experiments in
which digital particle-image velocimetry

(digital PIV) was used to measure the

flow field in the diffuser of a high-speed

centrifugal compressor. In digital PIV, a

sheet of pulsed laser light illuminates a

flow field seeded with small tracer parti-

cles, the positions of the particles are
recorded on a digital charge-coupled-de-
vice (CCD) camera at each pulse time,
and the digitized image data are
processed to extract velocities from the
displacements of particles between
pulses. In the experiments, a special
periscope probe was used to introduce
the light sheet into the flow plane of in-
terest inside the compressor. Measure-
ments were obtained while the compres-
sor ran at design speed, yielding highly
accurate time-averaged velocity-vector
maps in much less time than is needed
to generate comparable maps by use of

laser Doppler velocimetry (LDV).

This work was done by Mark P. Wernet of

Glenn Research Center. 7o obtain a copy

99

of the report, “Digital PIV Measurements in
the Diffuser of a High Speed Centrifugal Com-
pressor; " access the Technical Support Package
(TSP) free on-line at www.nasatech.com under
the Mechanics category.

Inquiries concerning rights for the commenr-
cial 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, Cleve-
land, Ohio 44135. Refer to LEW-16878.

& Low-Energy Interplanetary
Transfers Using
Lagrangian Points
A paper summarizes early findings
from a continuing study of the dynam-

ics of the transport and distribution of

matter within the Solar system. In the
study, the stable and unstable mani-
folds of the periodic and quasi-peri-
odic orbits around the Lagrangian
points L1 and L2 of the Sun/planet
and planet/Moon subsystems are
found to play an important role. (The
Lagrangian points are five points, lo-
cated in the orbital plane of two mas-
sive bodies, where a much less massive
body can remain in equilibrium rela-
tive to the massive bodies.)

This work was done by Martin Lo and Shane
Ross of Caltech for NASA’s Jet Propulsion
Laboratory. To obtain a copy of the paper,
“Low Energy Interplanetary Transfers Using the
Invariant Manifolds of L1, L2, and Halo Or-
bits,” access the Technical Support Package
(TSP) free on-line at wurw.nasatech.com under
the Mechanics category.

NPO-20377

t@’ Telescope/Camera

Systems Based on

Inflation-Deployed Optics

A report proposes the development

of spaceborne telescope/camera sys-
tems that would be lightweight, rela-
tively inexpensive alternatives to cur-
rent systems based on glass mirrors. In
a system of the proposed type, the pri-
mary reflector (typically a pamb()loid
several meters in diameter) would be
of the membrane-mirror type. The pri-
mary reflector would be part of a
folded, closed, flexible structure that
would be deployed by inflation, then
depressurized after being rigidified in
the deployed condition. Because the
primary reflector would only approxi-

www.nasatech.com

mate the required precise reflector sur-
face and because deviations from the
required surface would vary with ther-
mal, solar-wind, and microgravitational
conditions, the system would also in-
clude a two-stage active optical subsys-
tem that would correct wavefront er-
rors in real time.

This work was done by James Breckinridge,
Marjorie Meinel, Aden Meinel, and James
Bilbro of Caltech for NASA’s Jet Propulsion
Laboratory. To obtain a copy of the report,
“Inflation-Deployed Camera,” access the
Technical Support Package (TSP) free on-line
at www.nasatech.com under the Physical
Sciences category.

NPO-20405

O R e e R ———
@) Sun Shields for the Next
Generation Space Telescope
A report discusses the design of in-
flatable Sun shields proposed for use in
keeping the primary mirror of the Next
generation Space Telescope (NGST) at
a temperature <60 K. The report sum-
marizes a paper presented at the 33rd
Intersociety Energy Conversion Engi-
neering Conference in August 1998 at
Colorado Springs, Colorado. The pro-
posed shields would include six parallel
layers of thin aluminized polyimide film
separated by gaps wide enough to en-
sure against contact. The layers would
be radiatively isolated from each other.
The proposed shields would weigh 247
kg less than those of an older proposed
design involving multilayer insulation
with 10 inner layers, or 388 kg less than
those of another older proposed design
involving multilayer insulation with 18
inner layers. Relative to the shields of
both older designs, the proposed
shields would also offer advantages of
simplification of packaging, simplifica-
tion of mechanical structure, and less
dependence of telescope temperature
on a poorly adherent thermal coating
on the Sun side of the outer shield layer.
This work was done by Michael K. Choi
of Goddard Space Flight Center. 7o 0b-
tain a copy of the report, “A Practical Ther-
mal Design Concept for Next Generation
Space Telescope Sunshield,” access the Tech-
nical Support Package (TSP) free on-line
at www.nasatech.com under the Physical
Sciences category.
GSC-14254
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@ Special Coverage: Design & Analysis Software

Technology Forecast

This month’s technology forecast for the design and analysis software industry is contributed by Michael L. Bussler, President
and CEO of ALGOR, Inc., Pittsburgh, PA. Michael shares his views on the continued evolution of design and analysis software

into the next century.

puter-aided engineering (CAE)

software industry began an evolu-
tion of products to include CAD/CAE
interoperability tools for working with
CAD solid parts and assemblies. At the
same time, efforts began to integrate fi-
nite element stress and kinematic analy-
sis capabilities. In the year 2000 and be-
yond, these trends will continue,
accompanied by shifts in focus to preci-
sion finite element modeling and the
simulation of multiple, dynamic physical
phenomena in a WYSIWYG environ-
ment. Such shifts will enable engineers
to create more accurate design repre-
sentations and replicate the dynamic be-
havior of a product for more reliable vir-
tual testing using just one engineering
software product.

B eginning in the late 1990s, the com-

Product Design and CAD
Solid Models

With the lack of large government
engineering initiatives like “Star

Wars” in the 1980s, and the automo-

Michael L. Bussler, President and CEO, ALGOR, Inc.

24

tive emissions crisis in the 1970s, the
engineering profession is focusing on
refining existing product design cy-
cles instead of designing new prod-
ucts. The CAD solid model has been
the focus of refinement efforts be-
cause it provides a central Product
Data Management point for the entire
manufacturing process.

The ideal engineering software en-
ables engineers to maintain the same
CAD solid geometry throughout the
entire product design cycle, from de-
sign conception to manufacture. The
continued development of CAD/CAE
interoperability tools is key to achiev-
ing this ideal CAE product.

Many CAD/CAE interoperability en-
hancement efforts have evolved
through partnerships between CAE soft-
ware producers and makers of mid-
range CAD solid modelers. Through
these partnerships, CAE producers pro-
vide a limited subset of analysis capabil-
ities that can be run within the CAD sys-
tem application programming interface
through add-in menu com-
mands. ALGOR has taken a
slightly different approach
with its InCADPlus family of
products, which enables engi-
neers to perform all CAD/
CAE interoperability, finite el-
ement modeling, analysis,
and simulation functions
from within the CAD solid
modeler. More importantly,
InCADPlus captures the exact
CAD part or assembly in
ALGOR without file transla-
tion, whether or not CAD and
ALGOR reside on the same
computer. In addition, In-
CADPlus works the same for
all CAD solid modelers, pro-
viding flexibility in today’s
multi-divisional, multi-system
engineering environment,
which often requires CAD
and FEA professionals in dif-
ferent departments and loca-
tions to collaborate.

www.nasatech.com

T

Accurate Product
Representation

Retaining the detail of CAD solid
models in finite element modeling is
critical to incorporating CAE products
more tightly into the product design
cycle. In the past, much focus has been
placed on feature suppression, or “de-
featuring,” which eliminates small fea-
tures from the CAD solid model to en-
able faster, or “quick and dirty,” solid
finite element meshing.

In the year 2000 and beyond, less
emphasis will be placed on simplifica-
tion and more emphasis will be focused
on the accurate representation of
products through the retention of CAD
solid model features. As product de-
sign processes remain centered around
refinement, manufacturers will realize
that the elimination of even small fea-
tures in the finite element model can
result in less than accurate stress re-
sults. This can translate into design
failure, requiring more physical proto-
type testing and machining costs, and
therefore, longer, more expensive
times-to-market.

The development of faster, more pre-
cise finite element modeling capabili-
ties will enable the accurate representa-
tion and reliable testing of a product on
a computer. CAE producers will strive
to improve current solid meshing capa-
bilities to include the creation of hybrid
FEA solid meshes. Hybrid meshes con-
sist of brick elements on the model sur-
face with tetrahedral elements in the
model interior. With hybrid meshes, en-
gineers can combine the accuracy of
eight- or 20-node brick elements with
the speed of tetrahedral elements. In
addition, engineers will replace plate
elements with thin brick elements to
represent slender components of CAD
parts or assemblies as the algorithms
for solving brick element formulations
become more robust. As always, these
finite element modeling advances will
be boosted by improvements in com-
puter computation speeds.

(continued on page 26)
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@ Special Coverage: Design & Analysis Software continued

Replicating Dynamic Behavior

The accurate representation of a de-
sign is just a small part of the challenge
to provide tools that replicate the dy-
namic behavior of mechanical designs
for more reliable virtual product testing.
The widespread integration of Kkine-
matic and stress analyses is expected to
continue as engineers become increas-
ingly aware that static environments do
not exist in the physical world. A process
called motion load transfer already has
been introduced in the engineering soft-
ware industry to address this issue.

In the motion load transfer process,
engineers use kinematic software to sim-
ulate rigid-body motion in fully coupled
mechanisms and produce forces over
time. Then, the maximum force from
the kinematic analysis can be used in sta-
tic FEA to determine maximum stresses
at one instant in time. While this is an im-
provement over past methods of calcu-
lating dynamic loading, the method still
relies on an assumed static environment
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for stress determination. Many CAE pro-
ducers soon will develop a solution simi-
lar to ALGOR’s Accupak/VE Mechanical
Event Simulation software, which simul-
taneously simulates motion, dynamic
loading and flexing to determine stresses
in parts of an assembly of interconnected
components during a virtual “event.” By

Many CAE software producers already
offer analysis capabilities for handling
multiple physical phenomena. For ex-
ample, ALGOR offers a range of FEA ca-
pabilities, including linear and nonlin-
ear stress, vibration and natural
frequencies, heat transfer, electrostatics,
fluid flow, and composite materials so

The ideal engineering software enables
engineers to maintain the same CAD solid
geometry throughout the entire product design
cycle, from design conception to manufacture.

combining stress analysis with dynamics,
it provides stress results for each instant
during an event, and eliminates the diffi-
culty of manipulating stand-alone solu-
tions and errors that can result when
transferring data between separate FEA
and kinematic packages. Many CAE pro-
ducers will soon provide similar software
tools that offer WYSIWYG environments,
which let engineers examine the behav-
ior of the entire mechanical system with-
out physically building a prototype.

As stress analysis and motion simula-
tion are combined, design and analysis
software producers will incorporate
more sophisticated contact capabilities
between separate components, includ-
ing surface-to-surface contact and slid-
ing friction contact. Software also will in-
clude more sophisticated simulation
capabilities for flexible-body motion.
ALGOR recently invented actuator ele-
ment technology, which enables engi-
neers to mimic multi-directional expan-
sion and retraction movement over time
that is common in such components as
solenoids and hydraulic pistons.

In addition to the integration of stress
and kinematic analyses into one software
product, the consideration for a wider
range of physical phenomena — includ-
ing changes in temperature, fluid flow,
electrostatics, and fluid-object interac-
tion — is necessary to accurately portray
the physical behavior of a product in its
natural environment. Stress caused by
motion is not the only way that failure
can occur. For example, pressures, sig-
nificant temperature gradients, or the
flow of fluids such as water or air against
an object also can induce forces, which
can result in motion and stress.

www.nasatech.com

that multiple physical phenomena can
be considered on the same model — a
process known as multiphysics analysis.
In the future, multiphysics analysis ca-
pabilities will be more tightly integrated
into a single analysis environment. In
addition, design and analysis software in
the future will more accurately simulate
the behavior of a more diverse set of ma-
terials as additional information on ma-
terial properties becomes available.

One Consolidated Product

In the near future, additional engi-
neering software products accurately
will represent product designs, using the
exact CAD solid model geometry with
little or no feature suppression. CAE
products will further replicate and opti-
mize the dynamic physical behavior of
product designs, reducing or even elim-
inating the need for laboratory testing.
Furthermore, PCs with Windows NT
processing systems will continue to dom-
inate the engineering field; CAD solid
modelers will become even more user-
friendly, universal, and inexpensive; and
CAD/CAE interoperability tools will
proliferate.

These variables will enable FEA soft-
ware products to become more tightly
integrated into the product design cycle,
with engineers performing more FEA
with CAD solid models. The evolution of
design and analysis software toward a
singular but multi-faceted product will
continue as manufacturers further re-
fine the product design cycle.

For more information, contact ALGOR,
Inc., 150 Beta Drive, Pittsburgh, PA 15238-
2932; Tel: 412-967-2700; info@algor.com.
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Special Coverage:

Design and Analysis Software

Computer Program for Analysis of Convective Heat Transfer
Convective heat transfer is calculated without wall functions.
John H. Glenn Research Center, Cleveland, Ohio

Glenn-HT is a computational fluid dy-
namics (CFD) computer code for the
analysis of three-dimensional flow and
convective heat transfer in a gas turbine.
Glenn-HT has been evolving during the
past few years at Glenn Research Center,
and at least 35 technical papers relative
to this code have been published. The
code is unique in the ability to give
highly detailed representations of flow
fields very close to solid surfaces. This
ability is necessary for obtaining accu-
rate representations of fluid heat trans-
fer and viscous shear stresses.

The computation of convective heat
transfer in a gas-turbine environment is
a very difficult task, but one that must
be done with reasonable accuracy in
order to design a durable engine.

Three-dimensional CFD computer codes
are used extensively to determine pres-
sure distributions in turbines, but the
determination of heat transfer is a
much more complex problem, in
which it is necessary to consider details
of flow fields very close to solid walls.
Glenn-HT has been specifically devel-
oped to address this issue. The unique
feature of this code is the use of a
multiblock grid system that enables the
use of high-quality grid structures very
close to walls, eliminating the need for
wall functions for calculating heat
transfer. A conventional aspect of the
code is the inclusion of a two-equation
k-0 model (a k&~® model is a mathe-
matical model of turbulence in which %
denotes the turbulent kinetic energy,

while ® denotes the fractional rate of
dissipation of the k).

The code has been used extensively to
perform cooling-passage-flow and hot-
gas-path-flow calculations, including de-
tailed calculations of film cooling and of
complex tip-clearance-gap flow and heat
transfer. The code has been validated for
a number of turbine configurations. Al-
though developed and used primarily as
a research tool, the code should be use-
ful for detailed design analysis.

This work was done by James D. Heid-
mann of Glenn Research Center, Ali A.
Ameri and Vijay K. Garg of AYT Corp.,
David L. Rigby of NYMA/Dynacs, and
Erlendur Steinhorsson of OAL
LEW-16765

& Five Computer Codes for Analysis of Turbomachinery
These codes can be used separately, or together in sequence.
John H. Glenn Research Center, Cleveland, Ohio

A suite of five computational fluid dy-
namics (CFD) codes has been developed
for analysis of flows in turbomachinery.
Two of the codes are used to generate
two-dimensional (2-D) or three-dimen-
sional (3-D) grids that describe the tur-
bomachinery blade geometry. The other
three codes solve the Navier-Stokes
equations on those grids to predict the
performance of the blades. Three math-
ematical models of turbulence that in-
clude effects of flow transition and
roughness are available. The codes are
applicable to fans, compressors, and tur-
bines in both axial and radial machines.

The codes include the following:

* GRAPE (Grids About Airfoils Using
Poisson’s Equation) generates a two-
dimensional blade-to-blade periodic
grid. GRAPE is used with RVCQ3D,
which is described next.

* RVCQ3D (Rotor Viscous Code Quasi-
3D) is a code for quasi-3-D blade-to-
blade analysis that includes the effects
of rotation, change of radius, and vari-
able stream surface thickness.

* TCGRID (Turbomachinery C-Grid)

28

generates a 3-D grid used with

RVC3D and SWIFT, which are de-

scribed next.

* RVC3D (Rotor Viscous Code 3-D) is
a code for 3-D analysis of isolated
blade rows.

* SWIFT is a code for 3-D, multiblock
analysis that affords grid capabili-
ties additional to those of RVC3D,
including the ability to model tip-
clearance flows and multistage tur-
bomachinery.

The codes can be used indepen-
dently but often are used in sequence.
RVCQ3D is used to investigate many
design parameters quickly in two di-
mensions, RVC3D is used to predict
the performance of isolated blade
rows, and SWIFT is used to study a 3-
D blade in more detail or in a multi-
stage environment.

RVCQ3D, RVC3D, and SWIFT
solve finite-difference approxima-
tions of equations of flow by use of an

explicit Runge-Kutta scheme. A spa-

tially variable time step and implicit
residual smoothing are used to accel-

www.nasatech.com

Figure 1. These Mach-Number Contours were com-
puted for transonic flow around turbine vanes.
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Figure 2. These Pressure Contours were computed for a transonic compressor stage.

erate convergence. Preconditioning can
also be performed for low-speed (in-
compressible) flows.

The codes have been verified with re-
spect to transonic flow around turbine
vanes (see Figure 1) and with respect to
a transonic compressor stage (see Figure
2). They have also been used to analyze
many fan blades, the fuel turbine for the
space shuttle main engine, wind-tunnel
turning vanes, centrifugal compressors,
and a vacuum-cleaner impeller.

The codes are written in Fortran and
can be compiled and run on most com-
puters. Blade data are entered by use of
a common Glenn Research Center de-
sign-code format. Simple namelist input

is used for flow parameters. Some
printed output is generated. No graphi-
cal output is provided, but grid and so-
lution files are in a standard format that
can be read directly by most CFD visual-
ization software packages, including
FAST and PLOT3D.

This work was done by Rod Chima of
Glenn Research Center. Details about the
individual codes and sample results may be
Jound on the author’s web site, www.grc.
nasa.gov/WWW/5810/webpage/rvc. hitm.

For further information, access the Tech-
nical Support Package (TSP) free on-line at
www.nasatech.com under the Mechanics
category.

LEW-16851

Structural Analysis

@® Software for Probabilistic Thermal and

This program is expected to help improve designs of major

turbine-engine components.

John H. Glenn Research Center, Cleveland, Ohio

NESTEM is a computer code that is a
combination of a heat-transfer-analysis
subprogram and a NASA in-house proba-
bilistic-analysis code called “NESSUS” (for
Numerical Evaluation of Stochastic Struc-
tures Under Stress). NESTEM can be used
to analyze a complex combustor thermal
environment with uncertainties and to as-
sess the effects of the environment and the
uncertainties on the overall responses of
components. NESTEM is expected to help
in the development of a comprehensive

www.nasatech.com

probabilistic methodology for reliable and
robust design of such major turbine-en-
gine components as cOmMpressors, tur-
bines, impellers, and combustors.

Prior to the development of NESTEM,
there was no known program that af-
forded a capability for perturbing such
heat-transfer variables as thermal conduc-
tivities of materials, convection coeffi-
cients, and radiation temperatures.
NESTEM enables one to perform a for-
mal assessment of uncertainties in loads,

NASA Tech Briefs, November 1999
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variations in properties of materials, and
geometric imperfections on the overall
structural behavior (as characterized by
stability parameters, frequencies, stresses,
and other parameters).

In addition to enabling probabilis-
tic heat-transfer analysis, NESTEM
makes it possible to generate mathe-

matical models of components by use
of selected modules from the NASA
in-house Composite Blade Structural
Analyzer (COBSTRAN) computer
code. Furthermore, the material-
property parameters needed to repre-
sent ceramic-matrix composites are
obtained by use of the NASA in-house

Ceramic Matrix Composite Analyzer
(CEMCAN) code.

This work was done by B. M. Patel of Mod-
ern Technologies Corp. for Glenn Research
Center.

LEW-16788

& A 3D Navier-Stokes CFD Code for Analysis of Turbomachinery

This code can be used to model complex, multiple-path flows.
John H. Glenn Research Center, Cleveland, Ohio

The ADPAC software is a computa-
tional fluid dynamics (CFD) code for
analysis of flows in turbomachines. The
outstanding feature of ADPAC is the
ability to solve the Navier-Stokes equa-
tions for complex three-dimensional
(3D) flow fields that include multiple
flow paths, and the modeling of which
typically involves multiple computa-
tional grid blocks. In addition, ADPAC
can handle coupled calculations in
which some portions of models are ro-
tating and some are not, as in the case of
the rotating blades and stationary vanes
of a turbomachine. ADPAC was devel-
oped especially for use in analyzing the
performances of short-duct, ultrahigh-

bypass-ratio turbofan engines, both as
uninstalled and as installed; however,
ADPAC is applicable to a very broad
range of other turbomachines and of
other flow systems.

There are now several commercially
available computer programs that offer
capabilities similar to those of ADPAC.
However, when the development of
ADPAC began (circa 1989) 3-D Navier-
Stokes CFD codes for turbomachinery
could handle only single flow paths, and
only a few codes could handle more than
one component at a time. NASA had a
need for a CFD code that could simulta-
neously handle multiple flow paths
(through the core, through the bypass
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duct, and outside the cowl), multiple
blade rows, and tightly coupled compo-
nents of conceptual ultrahigh-bypass-
ratio turbofan engines. Prior to the de-
velopment of ADPAC, computational
simulations of such complex flow fields
were done in parts: In a typical case, each
flow path and each blade row was split
out, gridded, and run separately. Then
the data at the interfaces between blocks
were adjusted and the individual blocks
run again until there was convergence.
This decoupled-solution method proved
to be inefficient and time-consuming.
The development of ADPAC involved
rewriting of a prior 3D, viscous-flow CFD
code that was capable of handling a sin-
gle flow path with a single grid block.
The rewriting included the incorpora-
tion of multiblock and multigrid capa-
bility, extra boundary conditions, and
mathematical models of turbulence.
The resulting ADPAC code is character-
ized by the following major features and
capabilities:
® External Inflow: On-axis or off-axis for
configurations at various angles of at-
tack.
® Internal Inlet: Uniform (or plug) flow;
distortion patterns with mixed radial
and circumferential distributions of
total pressure and total temperature.
® Boundary Conditions: Solid walls bound-
ing inviscid or viscous flow; porous
walls with inflow or outflow; and exit
planes with constant static pressure or
radial equilibrium.
® Grids: Multiple blocks; mixed C, H, I,
and/or O grids (with some restric-
tions); mixed axisymmetric and/or
three-dimensional grids with single or
multiple blade passages; and multi-
block binary (Cartesian) grids stored
externally as PLOT3D files.
Coupling Among Blocks: All boundary
conditions must be given on a com-
mon face. Direct patch or interpola-
tion is possible for mismatched grids
with no relative movement. Mixing-
plane or unsteady interpolation is

NASA Tech Briefs, November 1999



possible for blocks with relative move-
ment.

® Block Periodicity. Cylindrical (as for tur-
bomachinery) or Cartesian (as for lin-
ear cascades or aircraft).

® Flow Paths: Multiple.

® Solver Algorithm: Finite-volume 4- or 5-
stage Runge-Kutta explicit, dual time
step implicit, multigrid acceleration,
parallelized via message passing,
APPL, PVM, or MPI libraries.

® Turbulence Models: Baldwin-Lomax with
wall functions, restricted to the block
with the wall; Goldberg's k-R; and
Spalart-Allmaras.

® Time-Marching Throughflow Capability:
Turbomachinery blade rows repre-

sented as 2-D axisymmetric surfaces
with body forces to represent flow
turning and profile losses.

® [nverse Design Capability. Tarbomachin-
ery blade row design based on time-
marching throughflow simulation with
user-specified tangential velocity and
airfoil thickness distributions.

This work was done by Christopher ]J.
Miller of Glenn Research Center and Ed-
ward J. Hall, Nathan |. Heidegger, Michael
L. Koiro, and David A. Topp of Rolls Royce
Allison Engine Division. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Mechanics category.

LEW-16768

& Software for Finite-Element Analysis of

Thermoelasticity

This program utilizes p-version finite elements for

accuracy in resolving gradients.

Lyndon B. Johnson Space Center, Houston, Texas

The P-Finite Element Integrated
Thermal-Structural Program (PITS
2D) solves the equations for the com-
bined effects of thermal expansion

tions of spatial coordinates. The solu-
tion that one seeks is embodied in the
coefficients of the functions. In a pver-
sion finite element, the physical quan-

and elasticity in a two-dimen-
sional or an axisymmetric three-
dimensional structure. The
name of this program reflects
the use of pversion finite ele-
ments, in contradiction to the
traditional use of Aversion fi-
nite elements. In comparison
with older finite-element pro-
grams that utilize the Aversion,
PITS 2D predicts physical re-
sponse more accurately in the
presence of large gradients.

YA

A pversion finite element in

PITS 2D (see figure) can be ei-
ther a quadrilateral or a trian-
gle with concave and/or convex
curved sides. A quadrilateral el- Y i
ement is defined by eight
nodes: four of them define the
corners, and each of the re-
maining four nodes defines the
approximate midpoint of a
curved side. Similarly, a triangu-
lar element is defined by six
nodes, three lying at the cor-
ners and each of the three re-
maining nodes lying at about
the midpoint of a curved side.

In an hversion finite element,

the displacements, stresses,
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strains, temperature, and other
physical quantities are repre-
sented by trial first-order func-
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Eight-Node Quadrilateral and six-node triangular finite
elements are used in PITS 2D.
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tities are represented by polynomials
that can be of orders higher than first.
Thus, the polynomials of the pversion
can fit physical data points more
smoothly and accurately than can the
linear functions of the Aversion. In a
given case, the error in the solution
can be made smaller by using a polyno-
mial of higher order. In PITS 2D, the
polynomials can be of any order from
first to eighth.

Examples of phenomena that can be
analyzed by use of the current version
of PITS 2D include stresses and/or

temperatures in two-dimensional or ax-

isymmetric three-dimensional struc-
tures made of isotropic or orthotropic
materials, bending and buckling in
thick plates made of isotropic or or-
thotropic materials, torsion in beams,
and potential flow of fluid around a
body. Nonlinear effects of thermal ra-
diation (without stress) can be ana-
lyzed in cases of isotropy or orthotropy;
nonlinear effects of thermal radiation
(with stress) can be analyzed in cases of
isotropy. Boundary conditions on dis-
placement, stress, temperature, ther-
mal, flux, and convection can include
quadratic spatial variations.

Important features include:

* Small Size: 3.5 x 1.56 x 0.6 in.

® Light Weight: 3.5 oz.

* Radiation Hardened

® Tight Regulation: to 1%

* BUS Voltage: 20 to 46 VDC
over a 35% range

MODULAR DC-DC CONVERTERS
WITH SINGLE, DUAL OR TRIPLE OUTPUTS

These STANDARD DC-DC converters, the FE-280A Series, offer up
to 20 W of power in a small aluminum case and can easily be
modified to meet YOUR SPECIFIC REQUIREMENTS.

TEL: 516-784-4500 » FAX: 516-794-4340
Visit us at: www.freqelec.com

F FEI Communications, Inc.
@ E A Subsidiary of Frequency Electronics, Inc.
55 Charles Lindbergh Bivd., Mitchel Field, NY 11553

S

* Input to Output Isolation: 1 mQ

® On/Off from
command line

* Reverse Polarity
Protection

Send for our data
sheet today.
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PITS 2D is based largely on an older fi-
nite-element program called “BUCKY.”
It was developed and tested on comput-
ers running the Linux, HP-UX, and
SunOS operating systems. A standard
Unix Fortran 77 compiler and linker are
necessary for execution.

This work was done by James P. Smith of
Johnson Space Center. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Mechanics category.

MSC-22832

SSINDA/FLUINT

Augmented To
Represent
Condensable
Species

Lyndon B. Johnson Space Center,
Houston, Texas

The Systems Improved Numerical
Differencing Analyzer/Fluid Integrator
(SINDA/FLUINT) software system has
been upgraded by addition of a capabil-
ity for simulating fluid mixtures that in-
clude condensable vapors. SINDA
FLUINT is the NASA standard software
system for computational simulation of
interacting thermal and fluid effects in
heat-transfer fluid-flow
networks. Prior to this upgrade, SINDA
FLUINT could represent single-phase

arbitrary and

vapors, single-phase liquids, and two-
phase fluids, but not condensable vapors
within mixtures. Now SINDA/FLUINT
can also represent a fluid mixture that
includes a condensable vapor, one o1
more noncondensable gas(es), and one
or more nonvolatile liquid(s). Inasmuch
as condensable vapors are often impor-
tant constituents of two-phase fluids, the
upgraded SINDA/FLUINT is more use-
ful as an engineering software tool in
general and for designing and analyzing
liquid propulsion and environmental-
control systems in particular. In addi-
tion, because of the added capability,
fewer design iterations should be
needed when using SINDA /FLUINT.

This work was done by Brent A. Cullimore
of Cullimore and Ring Technologies, Inc., for
Johnson Space Center. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Physical Sciences category.
MSC-22816
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Turn 49% Success into 99%

More than half of the CAD models created today
require downstream re-work before the model can
be used. Analysis, rapid prototyping, data exchange,

CNC programming and other downstream users are fixing and re-creating
CAD models at unprecedented levels. The result is days or even weeks of

lost productivity and a tremendous drain on the bottom line.

CAD/IQ detects and displays hidden errors and imperfections in CAD models
allowing problems to be resolved before models leave the designer.

Call today for a free interoperability assessment of your oganization. We’ll
show you areas where CAD model quality control can save your company

time and money!

CAD/1} . 18

The Sure Cure for Bad CAD 800-783-9199
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@ Special Coverage: Design and Analysis Software

think3™, Santa Clara, CA, has intro-
duced version 4.0 of thinkdesign™ 3D
CAD software that includes features to
enable 2D designers to use 3D design
software without abandoning 2D lega-
cy data. The release includes 2D draft-
ing and layout tools that enable users
to turn a 3D design into a production-
quality 2D drawing. A standard parts library management system
called thinkparts™ allows teams of designers to create, share,
manage, and reuse standard and proprietary components from a
central catalog.

A capture and playback feature enables designers to record, review,
and communicate about specific design sessions. The Windows
software is built upon a proprietary software kernel, rather than
Parasolid or ACIS. It allows integration of 2D design methodology
into 3D. From 2D file import, to assembly modeling, and back to
layout and drafting, 2D data is handled in the same manner as
any type of geometry, whether it is 2D, 3D solids, 3D surfaces,
or wireframe.

For More Information Circle No. 731

CADKEY Corp., Marlborough,
MA, has announced CADKEY®
99 mechanical PC-CAD software
that includes solid modeling
enhancements such as solid body
healing and tolerant edge func-
tionality used to convert less pre-
cise imported model geometry to
-l more precise, manufacturable
CADKEY solid models. The new version also includes a one-pass
IGES translator for import of IGES files, and a Parasolid® file
translator for XT files.

Other new features include expanded data capabilities, and a
visual feedback tool that highlights areas where modeling operations
fail, permitting the designer to modify input parameters to complete
freeform modeling tasks. Enhanced blending, sweep and extrude,
and shelling capabilities are included, as well as increased speed in
trim/split operations between solids and curves, sheet bodies, planes,
and other solids.

For More Information Circle No. 727

CFD-ACE+ Version 6.0
multi-physics analysis soft-
ware from CFD Research
Corp., Huntsville, AL,
enables analysis of fluid-
structure interaction, fluid
analysis problems involv-
ing multi-material stress,
and problems encoun-
— — tered in MEMS design. It
also can be used for free surface flow and surface tension problems.
The software includes modules for Coupled Stress, Multi-Material
Heat Transfer, Electro-Physics, and Chemistry. It consists of
CFD-GEOM for geometry and automated structured/unstructured
hybrid grid generation; CFD-ACE/CFD-ACE(U) flow solvers; and
CFD-VIEW for post-processing, graphics, and animation. It is
available for UNIX and Windows NT workstations.

For More Information Circle No. 732

Unigraphics Version 16 CAD/
CAE/CAM software from Uni-
graphics Solutions, St. Louis, MO,
includes the introduction of
Predictive Engineering, a set of
technologies that incorporates
engineering practices and prod-
uct lifecycle knowledge into the
product development environ-
ment. Predictive Engineering has
enabled the creation of new tools called Process Wizards and Process
Assistants that encode product and process knowledge to improve
design and manufacturing productivity.

Other enhancements include a new user interface; controls for
assemblies, features, and manufacturing operations; integration of
Microsoft Excel spreadsheets for controlling and optimizing
parametric data; and new CAM capabilities focused on knowledge cap-
ture and process automation. Also included is Design Studio, a new
product for conceptual design that provides tools for direct manipu-
lation of surfaces, texture mapping, and interactive analysis.

For More Information Circle No. 729

TekSoft, Phoenix, AZ, has
introduced ProCAM 99
2D/3D CAD/CAM soft-
ware that generates NC
programs for 2D
CAD/CAM  applications
and 3D applications requir-
ing complex surface model-
ing and machining. The
new version includes new
EEEERRESSm—mSn———' finishing strategies for 3D
surface machining, such as radial, spiral, and angular.

Other features include fabrication toolpath simulation and
verification, groove tool support for turning rough cycle, true-shape
automatic nesting for milled and routed parts, 3D surface machining
speed increase, and options such as 3D roughing, tapping, and
tool management.

For More Information Circle No. 728

FEMAP Version 7 finite ele-
ment modeling and visualiza-
tion software from Enterprise
Software Products, Exton, PA,
features new meshing tech-
nologies, automotive-specific
modeling for crash simula-
tion, and the ability to manage
large finite element models.
New geometry import func-
tionality includes enhanced interoperability with CATIA.

The software enables users to model and visualize analyses of stress,
temperature, and dynamic performance of products and processes.
The Windows-native program includes an ABAQUS input file reader,
nonlinear support for ANSYS, and improved mapping between mul-
tiple nonlinear servers.

For More Information Circle No. 730
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ATM MACHINES
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is universal throughout industry.
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industrial slide design for over 40 years. With
our unbeatable combination of engineer-
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For More Information Circle No. 555

Anywhere
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Electronic Components and Systems

& Tunable, Frequency-Stabilized Diode-Pumped Tm,Ho:YLF Laser

Frequency can be swept or adjusted over a range of +4 GHz.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A laser-diode-pumped thulium- and
holmium-doped yttrium lithium fluo-
ride (Tm,Ho:YLF) laser that operates at
a single frequency and that can be both
tuned and stabilized in frequency has
been demonstrated in a laboratory

setup. This demonstration is a signifi-
cant achievement in a continuing effort
to develop frequency-stabilized, fre-
quency-agile lasers. Such a laser could
be used, for example, as a local oscilla-
tor in a coherent lidar system, wherein

its capabilities would be exploited to
generate a signal with a precise nomi-
nal frequency plus or minus a time-vary-
ing Doppler compensation for the rela-
tive motion of the system and its target.
There may also be uses for such lasers
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This Laboratory Setup was used to demonstrate laser-diode-pumped Tm,Ho:YLF laser that can be used as a frequency-agile local oscillator and that can be
stabilized in frequency with respect to a similar laser used as an injection oscillator.
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in laser diagnostics, and in fiber-optic
communication and instrumentation
systems.

The laboratory setup (see figure) in-
cludes two identical laser-diode-
pumped Tm,Ho:YLF lasers, denoted
the injection laser (IL) and the local os-
cillator (LO), respectively, in corre-
spondence to the role that each would
play in a fully developed lidar, commu-
nication, or instrumentation system.
Each laser comprises a Tm,Ho:YLF crys-
tal pumped by light at a wavelength of
794 nm from a fiber-coupled laser
diode. A thermoelectric cooler is used
to maintain the crystal at a temperature

of =10 °C, where its optical-energy-con-
version efficiency is greater than it is at
room temperature.

The pumped surface of the crystal is
coated for high transmittance at the
pump wavelength and high reflectance
at a nominal output wavelength of
2,060 nm. The surface opposite the
pumped surface (the output surface of
the crystal) is coated to minimize re-
flectance at the output wavelength. The
output boundary of the laser cavity is
defined by a curved output-coupling
mirror that is coated for 98.5-percent
reflectance at the output wavelength
and is mounted facing the output sur-

]

MAINTAIN

INTEGRITY

In Any Condition

face of the crystal. Two etalons are
mounted in the laser cavity, between
the output crystal surface and the out-
put-coupling mirror; these etalons are
angle-tuned to enforce the desired sin-
gle longitudinal laser mode and broad
frequency-tuning range.

In the case of the LO, the output-cou-
pling mirror is bonded to a piezoelectric
transducer (PZT). The length of the
laser optical cavity, and thus the laser fre-
quency, can be varied by varying the volt-
age applied to the PZT.

In this setup, the LO can be stabilized
and tuned with respect to the IL, by use
of the following feedback loop: The out-
puts of the LO and IL are mixed in a
photodiode to generate a beat note de-
noted intermediate frequency 1 (IF)).
The amplified IF, signal is mixed with a
signal with a frequency between 1 and 2
GHz generated by a voltage-controlled
oscillator (VCO). The resulting beat
note is denoted intermediate frequency
2 (IFy). The IF; signal is fed to a fre-
quency discriminator that has a center
frequency of 1 GHz. Whenever IF; dif-
fers from 1 GHz, the discriminator gen-
erates an error signal, which is fed to an
analog integrator. The integrator output
is amplified to a high voltage, which can
be applied to the PZT to drive IF, toward
1 GHz. If the feedback loop is thus
closed, then the system strives to main-
tain IF, (the difference between the LO
and IL frequencies) at a frequency that
differs by 1 GHz from the output fre-
quency of the VCO.

There are three modes of operation:

* Open-Loop Operation: The feed-
back loop is not used. Instead, the
PZT voltage is controlled at will to
tune the LO frequency directly. The
tuning range is +4 GHz.

Locked Fixed Frequency: The feed-
back loop is used with the VCO set at
a fixed frequency. As a result, the LO
is maintained at a frequency that dif-
fers from the IL frequency by a fixed

Are harsh environmental realities causing a high
degree of anxiety for your design team? NuSil
Technology produces Thermally and Electrically
Conductive Silicone Materials that meet and exceed
the industry’s strictest specifications. So no matter
how challenging the environment, structural integrity
and flexibility are always intact.

amount between 0 and 1 GHz, LO
jitter is reduced, and LO drift is
eliminated.
® Scanning Locked Mode: The feed-

(805) 684-8780
Fax (805) 566-9905
www.nusil.com
back loop is used and a sinusoidal

or other suitable waveform with a
frequency < 1 Hz is superimposed
on the VCO control voltage. As in
the locked-fixed-frequency mode,
LO jitter is reduced and LO drift is

As a recognized leader in the engineering materials
industry, NuSil develops and manufactures advanced
silicone products for a wide variety of applications.
If you have a need for polymers that always conduct
themselves properly, get attached to NuSil. For more
information, contact us today.

eliminated, but in this case, IF,
varies with the VCO control volt-
age. The amplitude of the wave-
form can be chosen to scan IF, over

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

a range of +1 GHz.
This work was done by Hamid Hem-
mati, Carlos Esproles, and Robert Menzies

of Caltech for NASA’s Jet Propulsion

1ISO 9001 Certified
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Laboratory. For further information, ac-
cess 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 Offfice

JPL

Mail Stop 122-116

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-20444, volume and number
of this NASA Tech Briefs issue, and the
page number.

2 Inrush-Current-Control Circuit

Voltage is raised gradually from zero to full supply voltage.

NASA’s Jet Propulsion Laboratory, Pasadena, California

The electronic circuit shown in the fig-
ure regulates the inrush current that
arises upon initial application of voltage
to capacitors. This inrush-current-control
circuit is intended principally to be incor-
porated into an electronic instrument in
which capacitors are used to filter out
current spikes and noise that would oth-
erwise be impressed on the instrument
power-supply bus. In the absence of a cir-
cuit like this one, voltage would be ap-
plied to the capacitors abruptly — typi-
cally by closing a relay; the resulting high
inrush current could disrupt the power-
supply bus and thereby also adversely af-
fect the operations of other instruments
connected to the same bus.

Shortly after turn-on, the inrush-cur-
rent-control circuit causes the voltage on
the instrument bus to ramp approxi-
mately linearly up to the full power-sup-
ply potential, so that the inrush current
is constrained to be an approximately

square pulse of controlled amplitude. In
more detail, the sequence of events is
the following:

Before power is applied, all capacitors
are discharged. Upon initial application
of power to the input terminals, QI be-
turned on, and CIl starts to
charge through R1. The turn-on of QI
causes the charging of C2 to full power-
supply voltage. When Cl reaches full
charge, Q1 becomes turned off; this al-
lows C2 to discharge partially. When the
potential on the left side of C2 reaches
the threshold voltage of Q2, the output
voltage begins to ramp up toward the
full power-supply value.

This work was done by Steven Cole 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.
NPO-20403
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@I Software

@!/Software for Creating Real-Time Monitoring Expert Systems
An expert-system developer need not write any program code.
Goddard Space Flight Center, Greenbelt, Maryland

The Generic Spacecraft Analyst Assis-
tant (GenSAA) computer program en-
ables the rapid development of expert-sys-
tem software for intelligent real-time
monitoring and detection of faults in com-
plex systems of hardware and software.
The hardware/software systems to which
GenSAA expert systems were originally
intended to be applied are spacecraft-
control centers that feature the Trans-
portable Payload Operations Center
(TPOCC) architecture, which is a UNIX-
based architecture used at Goddard
Space Flight Center. An ex-

utility subprograms; and (2) the GenSAA
Runtime Framework, which is a run-time
executive subprogram. The GenSAA
Workbench generates a graphical user
interface (GUI) that enables the devel-
opment of an expert system by use of
point-and-click and drag-and-drop ac-
tions; it is not necessary for the expert-
system developer to write any expert-sys-
tem program code. The expert-system
developer uses the Workbench for lay-
ing out the GUI of the expert system,
defining fault-detection rules, and se-

to create the rule base for an expert sys-
tem. The rule base is a group of rules
in “condition-action” (“if - then”) for-
mat that may infer new facts based on
currently asserted facts. A rule con-
tains one or more conditions and one
or more actions. An inference engine
manages the matching and firing of
rules in the rule base during execu-
tion of the GenSAA expert system.
User Interface Builder — This is a
powerful tool for creating GUIs. The
user interface of a GenSAA expert
system consists of a work-

pert system built by use of
GenSAA is a rule-based sys- |
tem that assists spacecraft

space, graphic windows,
and graphic objects. These
graphical elements can be

analysts during operation

Data Manager

Builder

dynamically created and
customized, without pro-

pert system receives space-
craft telemetric and
ground-system-status data,
makes inferences and draws

|
|
|
of a control center; the ex- :
|
I

|
|
|
User-Interface |
|
|
|

gramming, by use of mech-

anisms provided in the

User Interface Builder.
The GenSAA Work-

conclusions about the data,
and generates textual and

Data-Interface

Rule Base

Specification

User-Interface

Specification

bench creates a set of files
that are used by the Gen-

graphical displays of the
data and the conclusions.
Continuing development
of GenSAA includes gener-
alization of its capabilities
to build expert systems for
non-TPOCC control cen-

\ Y !

Run-Time Components

i

}

| SAA Runtime Framework
II (see figure) to define the
| executable GenSAA ex-
: pert system. The GenSAA
| Runtime Framework pro-
| vides the basic opera-
l tional environment for a

ters and for non-spacecraft-
control applications, which
could include industrial
process control, monitor-
ing of networks, and moni-
toring and control of vehicular traffic.
GenSAA serves as an alternative to com-
mercial expert-system-development soft-
ware tools, which generally require pro-
gramming skills beyond those of typical
domain experts (human spacecraft ana-
lysts in the original intended applica-
tions). The effort involved in the use of
such tools constitutes an impediment to
the rapid development of the desired ex-
pert-system software. GenSAA overcomes
this impediment, making it possible for
domain experts without advanced pro-
gramming skills to develop monitoring,
graphical-display expert systems.
GenSAA comprises (1) the GenSAA
Workbench, which is an integrated set of

42

Three Utility Subprograms in the GenSAA Workbench are used to create a data-
interface-specification file, a rule-base file, and a user-interface-specification
file; these files are later be used by the GenSAA run-time framework to define
an executable expert system.

lecting the telemetry data to drive the
expert system. GenSAA insulates the de-
veloper from the complicated program-
ming details of the data source (e.g., the
spacecraft ground system) and the GUL
The utility subprograms of the Gen-
SAA Workbench are the following:
® Data Manager — This program is used
to construct and edit four types of
variables that are used by a GenSAA
expert system. All variables that will
be received from external data
sources, exchanged with other Gen-
SAA expert systems, or associated with
GenSAA graphical objects must be
specified by use of the Data Manager.
® Rule Builder — This program is used

www.nasatech.com

GenSAA expert system.
The components of the
GenSAA Runtime Frame-
work are used without
change in each GenSAA
expert system. They control the opera-
tion of a GenSAA expert system during
its execution.

This program was written by Peter M.
Hughes of Goddard Space Flight Center
and Edward C. Luczak of Computer Sci-
ences Corporation. For further information,
access the Technical 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 ad-
dressed to the Patent Counsel, Goddard
Space Flight Center; (301) 286-7351. Refer
to GSC-13672.
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NASA Selects 1999 “Software of the Year” Winners

emote Agent, a state-of-the-art Artifi-
cial Intelligence system for onboard
autonomous control of spacecraft,
and Genoa — a software package
that predicts aging and failure of materi-
als — have been named cowinners of
NASA’s 1999 Software of the Year awards.
The NASA award, cosponsored by the
NASA Inventions and Contributions
Board and the NASA Chief Information
Officer, is the largest of its kind in'the US.
Winners were selected from a field of
more than 150 corporations, universities,
and government laboratories. For more
information on the awards and the win-
ning software, visit www.hq.nasa.gov/
office/codei/swy99win.html.

In the Driver’s Seat

For three days last May, scientists relin-
quished control of the Deep Space 1
spacecraft to Remote Agent, an Artificial
Intelligence (AI) system developed at
NASA Ames Research Center, Moffett
Field, CA, and the Jet Propulsion Labora-
tory (JPL), Pasadena, CA. According to
NASA, the flight experiment and the Al
system exceeded expectations. Remote

Remote Agent, a state-of-the-art Artificial Intelligence sys-
tem, controlled the Deep Space 1 spacecraft for three days
last May. Since its launch on October 24, 1998, Deep Space 1
— part of NASA’s New Millennium Program — has validated
12 new technologies, including an ion-propulsion system.

Agent detected, diagnosed, and corrected
problems, demonstrating that it can make
decisions to keep a mission on course.

NASA scientists said that the Al used in
Remote Agent is a precursor to self-aware,
self-controlled, and self-operated robots,
rovers, and intelligent machines that may
one day explore distant planets.

“The Remote Agent approach to space-
craft autonomy signals the dawn of a new
era in space exploration,” said Dr. Pandu
Nayak, Ames’ deputy director of Remote
Agent development. “Remote Agent will
enable new classes of missions and more
effective use of existing resources; and it
will enable today’s ground-operations
teams to operate significantly more mis-
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sions. Remote Agent and its components

are already being considered for a variety

of missions across the Agency.”

Dr. Doug Bernard, JPL’s Remote Agent
manager, added that “This technology will
allow us to pursue Solar System explo-
ration-missions that only a few years ago
would have been considered too elabo-
rate, too costly, or too dependent on
teams of Earth-bound controllers.”

According to Bernard, the Remote
Agent. system ingorporates an onboard
planner that had never before been used
ona spacecraft. This goal-based planner is
designed to create flexible plans that can
take advantage of unexpected opportuni-
ties. Remote Agent has three main com-
ponents that work together to control the
spacecraft:
¢ Planner & Scheduler (PS): produces

flexible plans and specifies the activities
that must take place to accomplish mis-
sion objectives.

* Smart Executive (EXEC): carries out
the plan.

*Mode Identification & Recovery
(MIR): also known as LIVINGSTON,
this component monitors spacecraft
health and attempts to correct prob-
lems as they occur.

To demonstrate Remote Agent’s versa-
tility, scientists created four simulated fail-
ures. During one of these tests, Deep
Space 1's camera appeared to be stuck in
the “on” position. Remote Agent respon-
ded by formulating and executing a new
plan that would preserve the spacecraft’s
power supply. A failed electronics unit
prompted Remote Agent to fix the prob-
lem by reactivating the unit, not unlike re-
booting a PC when it crashes. Later, when
a sensor failed, Remote Agent correctly
detected that the sensor had malfunc-
tioned — not the device it was sensing.

In the final test, a thruster was stuck in
the “off” position. Remote Agent com-

pensated by switching to another set of

thrusters.

According to NASA, using Remote
Agent and its onboard planning system
reduces the costs of planning/scheduling
via communication with the ground-
based Deep Space Network (DSN).

Progressive Failure Analysis

Genoa is an integrated structural analy-
sis/design software suite used to model
aging and failure in structural materials,
including metals, ceramics, concrete,
high-tech alloys, and composites. It was
developed at NASA’s John H. Glenn Re-
search Center, Cleveland, OH, to cost-
effectively predict strength, reliability, and
durability of aerospace structural compo-
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nents with minimal experimental testing
support. NASA said that Genoa’s ability to
prediet material and structural failure can
help engineers design and build safer,
more durable aircraft fuselages, engines,
car bodies, and bridges. The software re-
eently has been commercialized by Alpha-
STAR Corp., Long Beach, CA, which now
markets Genoa to aircraft manufacturers
and others.

Genoa's progressive failure analysis pre-
dicts crack initiation, growth, and final
failure of monolithic and 2D/3D

braided /laminated/stitched /woven com-
posite materials. The software evaluates
the structural material response, includ-
ing degradation of material properties
due to initiation and growth of damage

Genoa is used to model aging and failure in structural mate-
rials, including high-tech alloys and components.

under various conditions. Failure predic-

tion takes into account defects intro-

duced by manufacturing, in-service op-
erations and environments, fatigue, and
material creep.

Genoa applications include automo-
tive, chip manufacture, sporting goods,
biomedical, virtual manufacturing, turbo
machinery, and seismic retrofit for
bridges, freeway columns, and buildings.

Runners-up in NASA’s 1999 Software of
the Year competition are:
¢ Virtual Interactive Imaging and Cyber-

surgery for Distant Healthcare, Ames

Research Center, Moffett Field, CA;
® Generic Inferential Executor (Genie),

Goddard Space Flight Center, Green-

belt, MD;
® Enigma Software Tools, Johnson Space

Center, Houston, TX.

Three additional software packages re-

ceived Honorable Mention:

* NPARC Alliance Flowfield Simulation
System, Glenn Research Center, Cleve-
land, OH;

* ASPEN: Automated Scheduling and
Planning Environment, Jet Propulsion
Laboratory, Pasadena, CA;

¢ Ring Buffered Network Bus Data Man-
agement System, Dryden Flight Re-
search Center, Edwards, CA.
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ADVERTISEMENT

MICROWAY DELIVERS SUPERCOMPUTER PERFORMANCE IN NT, LINUX AND UNIX WORKSTATIONS

Since 1982, Microway's
products and technical sup-
port have helped users get
more done for less money.
Starting with the concept that
PCs could use more numeric
power, we built a product line
and customer base that is now
worldwide. The mother-
boards and workstations we
design today use Pentium-
and Alpha-based processors
that deliver 20,000 times the
throughput of the 8087s we
started with in 1982,

Microway has been build-
ing Linux Beowulf clusters
since 1997. Our users employ
either PVM or MPI to manage
communications between
processors in clusters from 8
to 200 Pentium or Alpha
CPUs. We design systems

transputers. Following this,
Microway built small super-
computers that featured up
to 20 Intel i860 RISC proces-
sors. The 667-MHz dual
Alpha motherboard, which

your favorite True 64 UNIX,
and OpenVMS systems, yet
also deliver NT and Linux.
And we know how to take care
of special situations, including
rack-mounted industrial-

www.microway.com

we currently feature in our
high-end workstations, deliv-
ers 2.6 gigaflops of through-
put. If you have an applica-
tion that is a big-time num-
ber-cruncher or a DSP appli-
cation that needs 64 bits of
precision, you should consid-
er our solutions.

667MHZ Alpha 21264 Daughtercard

Dual Alpha
21264DP
Motherboard

using 21264 dual Alpha
motherboards, UP2000 dual
motherboards, 21164-LX sin-
gle Alpha motherboards, or
Pentium processors for all
price points.

Our expertise in parallel
processing dates back to the
mid-80s when we were
Inmos’s largest customer for

Microway is known for giv-
ing excellent service. When
you call us, you talk to a com-
petent person. Because we
appreciate the critical nature
of your work, every one of our
products comes with free tech
support for two years. Our leg-
endary tech support makes it
possible for us to configure

Microway

grade systems, RAID-con-
trolled hard disk farms, and
high bandwidth interproces-
SOr communications
Microway’s current soft-
ware product line is
anchored by NDP Fortran,
which is available for
Pentiums and generates
Alpha code for Linux.
Compaq and Intel’s ten-year
agreement insures that the
Alpha 21264 and 21364 will
continue to be performance
leaders in the high-speed
n