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Download and run your application on a dedicated 
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New MothcodO 2000 provides the 
total technical solution. 

Advanced calculating power is iust the beginning. 
New Mathcad 2000 is much more than just a calculation package. It's the most useful tool available for taking all your technical projects 
from start to finish, quickly and easily. It starts with unmatched calculating power and speed, coupled with superior visualization tools. But 
Mathcad 2000 lets you go further, with professional documentation and collaboration tools. Plus integration tools to bring together all your 
calculations, text, graphs, sketches, and drawings into your Mathcad worksheets. Most important, every last one of Mathcad 2000's 
powerful new features is designed to help you do your best work, with the least amount of effort. 

• Unmakhed Math Functionality 
Mathcad 2000's advanced math functionality provides 
greater support for your work in engineering, science, 
statistics, business and [mance, and more. And improved 
InteUiMath'" automation and ease-or-use features boost 
your productivity, while optimizing your results. 

• Professional Documentation 
The latest document formatting options allow you to 
prepare your documents to the exact specifications you 
need, with just the look you want. 

• Web Integration and Collaboration 
Built-in Web tools make it easy to collaborate and share 
your work with colleagues. 

Over a million engineers and scientists worldwide rely on 
Mathcad for performing their technical work quickly and 
accurately. Whether you choose Mathcad· 2000 Premium, 
Professional, or Standard edition, you 'll add a whole new 
dimension to your calculating power. 

Get Mathcad 2000 at one of these resellers: 

SoAmarf n. __ ~_ 
COR,OUTE J:........ 
unwu[ & ItiliS SOFTCH 
TECHIIOtOIY .., 

• Complete Interoperability 
Mathcad works seamlessly with all your favorite Microsoft­
Office, OLE and. ActiveX applications, so you can bring 
together your data and graphical elements in just the right 
way. And with built-in SmartS ketch- LE, you have advanced 
2D parametric CAD capabilities right at your fingertips. 

• Superior Visualization 
Improved 2D and 3D graphing, now enhanced by Axum­
LE, gives you better insight into your work. You get precise 
control over your graphs, for spectacular results and 
presentation-quality documents. 

ScITecho 
== 

Or by visiting www.mathsoft.com/webstore. For volume licensing call1-800-62S-4223 (1-S00-MATHCAD) today! 
Copyri;gh l 1999. MathSon , Inc. _U rfghU resef"\led. Malhciid lind AXllm aT!: regjmrtd trade:mMrks a nd lutelUMath is a tradema rk or MalhSoft,. Jnc. 
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• Large color display for 
rea/-time data viewing 

Intuitive touch-screen interface 
simplifies setup and operation 

• Look-back while recording 
in real time 

• Up to 32 analog or digital 
input channels 

• Virtual Chart TJoI efficiently stores 
data while saving paper 

• Ethernet interface for command 
and control 

• High-resolution chart printing for 
clear, crisp traces 
www.astro-med.com/ev 18 
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G 
Don't Play 

ames 
with your • 

· · · Deslgl)s • • 
Are you sure you have a good design? Will it break? Will the 
stresses be too much for it to handle? Will it cost too much to 
build? COSMOS/TM lets you immediately know if your design is 
sound ... or if it will fail. 

COSMOS/TM allows you to conduct virtual testing and optimization 
throughout the entire design cycle, thereby minimizing the need for 
expensive, time-consuming physical prototypes. 

COSMOS/TM offers high-end design analysis tools that can handle 
even the most complicated engineering problems. Multi-part 
assemblies with gaps and contacts. Nonlinear analysis. Fluid flow. 
Motion simUlation. Dynamics. And much, much more. 

For more information on how COSMOS/ TM can make your design 
a winner, give us a call today at 1-800-469-7287. 
Or visit us on the web at www.cosmosm.com. 

COSMOS/WORKS 
COSMOS/EDGEI 
COSMOS/DESIGNSTARI 
o CopyngIlI 2000. StrucItJraI _f<h & Analysis CO!p. Trademar!ts Sfe the property of their respective owner>. 

• 
• 

• 

Make your move to COSMOSf'M today! 
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ALGOR's Web Courses give you quality software 

education at your desktop through webcasting. 

ALGOR provides a true virtual classroom by pro­

ducing TV quality sound and picture on the 

Internet. In fact, the images shown here were 

extracted from actual Web Course footage. There's 

no need for teleconferencing; all you need is a 

computer with a T1, DSL or cable modem Internet 

connection. Even if you don't have Internet access, 

you can stiff learn at your desktop by viewing the 

VHS video or CD-ROM version of each Web Course 

broadcast that is included with your registration. 

earnln .CORI 

LEARN ABOUT IMPORTANT FEA TOPICS IN A VIRTUAL CLASSROO AT YOUR DESKTOP. 
GET MORE SOFTWARE EDUCAn ON FOR THE MONEY 
Web Courses start at just $350 for four hours of instruction, and you save 
travel expenses and don't sacrifice productivity. Registering for a Web 
Course entitles you to Ihe live Internet training session, on-demand 
Internet replays available after the live session and a CD-ROM or VHS 
video of the course for later reference. 

LEARN FEA FASTER WITH S TEP-By -STEP INSTRUCTION 
Web Courses give you in-depth instruction, not an overview, on a variety 
of topics such as finite element modeling, CAD/CAE interoperability, FEA 
and Mechanical Event Simulation software. Full screen graphics, utiliz.ing 
the latest in broadcast technology, show point-and-click detail as instruc­
tors "waik" through the process of FEA. Viewers clearly see ALGOR's 
software interfaces, menus, visualiz.ation and reporting options. 

INTERACT WITH THE INSTRUCTORS L IVE AS THEY T EACH 
E-mail your questions or talk with the instructors directly during the live 
session to get immediate answers. Calls are broadcasted as they occur. 

L EARN W HEN AND W HERE IT Is CONVENIENT FOR You 
View the Web Course or replay it on the Internet at your convenience. 
You can register for courses even after the live broadcast to access the 
Internet replay and watch the accompanying CD-ROM or video as often 
as needed. 

EARN CREDITS TOWARD P.E . L ICENSE R ENEWAL 
Web Courses have qualified for Professional Development Hours within 
states that have Continuing Professional Competency requirements for 
P.E. license renewal. Participants receive a certificate upon purchase. 

LE NHO o SUCCES FU L OMPLETE YOUR ENG NEERING JOB OVER THE I ERNET. 
CUSTOMIZE A WEB C OURSE TO ACHIEVE YOUR ENGINEERING GOALS 
Develop a customized curriculum that meets your Individual engineering 
needs. ALGOR instructors can work directly with your CAD geometry or 

FEA models to focus on specific interoperability, modeling or analysis 
questions you may have. You can work as you learnl Contact an ALGOR 
account representative for scheduling and priCing information. 

START YOUR DUCATION TODAY. HERE'S HOW: 

• VISit www.TechLeaming.com. . Autodesk ... PARAMETRIC 
TICHNOLOCY 
coalO.ATION 

• Select the Web Course of Intet'est. 
• Contact your Account Representative for a password. 
• Download Microsoft Media Playet' for vI_ing the 

Web Course. 
• Entet' the password and watch the Web Course live. 

~W~2!.. 
All trademarkS may be trademarks or reg.stered trademarks of thetr respectrJe owners , 

Or, view Internet replays or your VHS video or CO-ROM. ® 

• Call your Account Representative to schedule a When Engineering Has to be Right 
customized Web Course for one or many participants 150 Beta Drive, PIttsburgh, PA 15238-2932 USA ' US Phone: +1 (412) 967-2700 • California +1 (714) 564-0844 
at your company to learn Algor software while woricing Europe (UK): +44 (1784) 442 246 • Fax: +1 (412) 967·2781 E-mail: info@algor.com 
through your engineering problems. www TechLearning.com • www.algor.com • www.fealncad.com • www.popepak.com 
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PRODUCT OF THE MONTH 

Agilent Technologies 
(Colorado Springs, CO) offers 
the 54600 series oscilloscopes 

with multiple-channel 
configurations. 
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This photorealistic image of an industrial web 
tension control device for the film, paper, 
and foil converting industries was designed 
using CADKEY 3D mechanical CAD software 
from CADKEY Corp. of Marlborough, MA. 
CADKEY Parametrics is a new design module 
that provides hybrid combinations of feature­
based and freeform solid modeling. For 
more information on the new module, see 
New on Disk on page 61 . 

(CADKEY Image courtesy of The Montalvo 
Corporation, Portland, ME) 
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CAN YOU SEE 
THE DIFFERENCE? 

If you haven 't already figured it out, 
look closely at the display on each InfoStation'. The only 
difference is the company name . OnJune 1, 2000, StorCase'v 
Technology, Inc. was launched as a sister company of 
Kingston Technology. the world's largest 3rd party memory 
manufacturer. The name may be different, but you can expect 
to receive the same great quality products, service and support 
that you have relied on from Kingston's Storage Products 
Division for the past 12 years. 

StorCase will continue to provide customers with flexible 
enclosures that meet long-term storage reqUlrements. It was 
with the customers' future storage needs in mmd that 

CE A --
" _tl"l 

StorCase developed the InfoStation, a modular, self-monitoring, 
9-bay RAID chaSSlS. With upgrade slots for addmg upcoming 
optional RAID, AS, SES and SAF-TE controller modules, 
InfoStation is ready for the future when you are! 

For more mformalion about InfoStation or future StorCase 
plans, mcLuding the addillon of 2417 service, call one of our 
represemanves today at (800) 337-8421. 

Stor~ase-
T Ee H N 0 LOG Y 

A Kingston Tuhnology C(jmpa1lY 

J1IS - 02000 Store. .. T.ehnology. Inc A KJn&'lon Technology Company I7bOO ewbop< Strt<'. foun ..... Yillq. CA 92108 USA (111) ~38-1850 f2x (11'1) ' 38- 18'11 All n&hl> r""rnd All .. S' ...... d 
" tr:adt'm.ub and nadcmarks art lht proprny or their respcCU\·t owntrs 
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CONVERT 
COMPUTER 
GRAPHICS 
TO VIDEO 
,---- ----~.---

.~, 

~~ 
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1IIIiI~ 
RGB SPECTRUM 
GIVES YOU 
MORE REASONS 
TO CHOOSE 
RGBNIDEOLINKe 
SCAN CONVERTERS 

Up to 1600 x 1200 
pixel input 

Analog NTSC and PAL, 
S-Video, RGB, 
Y, PI' P ~ output 

CCIR 601/SMPTE 259M 
digital video output 

Autosync to all 
computers 

Video overlay 

Pan & zoom 

Full 24-bit color 

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

Transform computer graphics and other signals 
to broadcast quality video. RGB Spectrum has 
a solution for every scan conversion application. 
We even offer a model with a zoom control so 
smooth you can continuously pan and zoom 
while videotaping. With a unique combination 
of quality and features. the RGB/Videollnk line 
of scan converters Is the Industry leader In 
professional video scan conversion. 

ROB SPECTRUM" 
a visual communications company'" 

950 Morino Village Parkway 
Alameda, CA 94501 
Tel: ~51 01 814-7000 
Fox: 5101 814-7026 
E-mai :sales@rgb.com 
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A CAE electromagnetic package 
that immediately boosts 
productivity and saves prototyping 
costs is hard to find. Thai's where 
our line of innovative boundary 
element method (BEM) simulation 
software can help. 

We've designed each of our 
packages around three basic 
principles: advanced tedtnology; 
produdivify and 0CIfsftutding 
tuStomer service. 

A clean, intuitive, UlieT interface 
meatUI the software is ea8U!T to 
UIIe and learn than rna / other 
electromagnetic CAE tools. 

Advanced Tech gy 
We use Integrated's software to 
model precision magnetic circuits 
for the reprographics industry as 
well as other electromagnetic 
applications. The software enables 
us to create extremely accurate 
virtual results. This has allowed us 
to greatly reduce our prototype-to­
production phase, • 

GroupAmo/d 
Magnetic Technologies Corp, 
Roches/er, NY. 

Advanced features like our intuitive 
user interface, extensive materials 
library, powerful solvers, 
exportable data and graphics, 
flexible post processing options 
and powerful parametric 
optimization routines give you 
the most sophisticated programs 
available anywhere. In addition, 
our coupled electromagnetiC/ 
mechanical suite gives you 
complete solutions. 

Productivity 
·'ntegrated's software offers 
Industrial Coils the ability to model 
our designs quickly and accurately. 
Our design time has been reduced 
from three weeks down to two and 
a ha/fdays. 

Mike Potter 
Assistant Engineering Manager, 
Industrial Coils, 
Baraboo, WI, 

You'll be producing useful designs 
in a matter of hours! We provide 
you with sample sessions to work 
through, on-line help, web support 
and full technical and application 
support to help you solve your 
toughest design issues. You also 
get industry standard links that 
connect you to your favorite 
CAD program for easy file 
import/export, shortening your 
design process even further. 

In just minutes, install your 
program on your desktop PC. 
Within one day begin working on, 

and solving your own designs. In 
just one week, solve even the most 
challenging and sophisticated 3D 
designs. 

Ease d Accuracy 
We are using 
Amperes to model 
the recording 
process for both the 
writing and reading 
of high density data 
storage apps. We are 
very impressed 
with the user 
friendliness and 
accuracy of the 
program .• 

Dr. Sakhrat Khizroev 
Dr. Dimitri Litvlnov 
Seagate Technologies 
Pittsburgh,PA. 

Solution 
c bilities 
include: 
• magnetostatics 
• eddy currents 
• electrostatics 
• charged particle 
• high frequency 
• mechanical 
• thermal 
• Andmore .. , 

li FRlE for 30 days ••• 
Call 204-632-5636 to order your 
free, no-obligation demo kit 
complete with: 
• Tutorials 

For More Information Circle No. 574 

• Quick-start guide 
• Full technical support 
• Full user support 
• Sample sessions 
• Technical papers 
• AI/FREE ... 

Your FREE Demo kit 
will haue you working in 
a matter of hours. 

Try it FREE 
Call today: 
1·204-632·5636 

IN'IG.AIID 
ENGINEERING SOFTWARE 

E-mail: Info@integrated.ca 
Web: www.integratedsoft.com 



NASA 
Commercial 
Technology 
Team 

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 (RITCs), 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'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 Goddard Space Johnson Space langley Research Marshall Space 
Cenler Flight Center Center Center Flight Center 
Selected techno- Selected techno- Selected techno- Selected techno- Selected techno-
logical strengths: logical strengths: logical strengths: logical strengths: logical strengths: 
Ruid Dynamics; Earth and Artificial Intelli- Aerodynamics; Materials; 
Ufe Sciences; Planetary Science genceand Flight Systems; Manufacturing; 
Earth and Missions; UDAR; Human Computer Materials; Nondestructive 
Atmospheric Cryogenic Interface; Structures; Evaluation; 
Sciences; Systems; Ufe Sciences; Sensors; Biotechnology; 
Information, Tracking; Human Space Measurements; Space Propulsion; 
Communications, Telemetry; Flight Operations; Information Controls and 
and Intelligent Remote Sensing; Avionics; Sciences. Dynamics; 
Systems; Command. Sensors; Sam Morello Structures; 
Human Factors. George A/com Communications. (757) 864-6005 Microgravity 
carolina Blake (301) 286-5810 Hank Davis s.a.morello@ Processing. 
(650) 604-1754 galcom@gsfc. (281) 483-0474 larc.nasa.gov SallyUttle 
cblake@mail. nasa.gov henry.l.davis1 @jsc. (256) 544-4266 
arc.nasa.gov nasa.gov John H. Glenn sally.litt/e@msfc. 

Jet Propulsion Research Center nasa.gov 
Dryden Flight laboratory Kennedy Space at lewis Field 
Research Center Selected techno- Center Selected techno- Stennis Space 
Selected techno- logical strengths: Selected techno- logical strengths: Center 
logical strengths: Near/Deep-Space logical strengths: Aeropropulsion; Selected techno-
Aerodynamics; Mission Fluids and Fluid Communications; logical strengths: 
Aeronautics Flight Engineering; Systems; Mate- Energy Propulsion 
Testing; Microspacecraft; rials Evaluation; Technology; Systems; 
Aeropropulsion; Space Process Engi- High Temperature TestIMonitoring; 
Flight Systems; Communications; neering; Com- Materials Remote Sensing; 
Thermal Testing; Information mand. Control Research. Nonintrusive 
Integrated Systems; and Monitor Larry Vitema Instrumentation. 
Systems Test and Remote Sensing; Systems; Range (216) 433-3484 Kirk Sharp 
Validation. Robotics. Systems; Environ- cto@grc. (228) 688-1929 
Jenny Baer- Merle McKenzie mental Engi- nasa.gov kirk.sharp@ 
Riedhart (818) 354-2577 neering and ssc.nasa.gov 
(661) 276-3689 merle.mckenzie@ Management. 
jenny.baer- jpl.nasa.gov Jim Aliberti 
riedhart@dfrc. (321) 867-6224 
nasa.gov Jim.Aliberti-1@ 

ksc.nasa.gov 

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

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

Ken Dozier 
Far-West Technology 
Transfer Center 
University of Southem 
Califomia 
(213) 743-2353 

Dr. William Gasko 
Center for Technology 
Commercialization 
Massachusetts 
Technology Pari< 
(508) 87()-()()42 

J. Ronald Thomton 
Southern Technology 
Applications Center 
University of Florida 
(352) 294-7822 

Gary Sera 
Mid-Continent Technology 
Transfer Center 
Texas A&M University 
(409) 845-8762 

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

Chris Cobum 
Great l akes 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.hq.nasa.goY to search NASA technology resources. find commercialization opportunities. 
and learn about NASA's national networi< of programs. organizations. and services dedicated to tech­
nology transfer and commercialization. 

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

Carl Ray 
Small Business Innovation 
Research Program (SBIR) 
& Small Business 
Technology Transfer 
Program (STIR) 
(202) 358,4652 
cray@mail.hq.nasa.gov 

Dr. Robert Norwood 
Office of Commercial 
Technology (Code RW) 
(202) 358-2320 
morwooci@mail.hq. 
nasagov 

John Mankins 
Office of Space Flight 
(Code MP) 
(202) 358-4659 
jmankins@mail. 
hq.nasa.gov 

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

Glen Mucklow 
Office of Space Sciences 
(Code SM) 
(202) 358-2235 
gmuckloW@mail. 
hq.nasa.gov 

Roger Crouch 
Office of Microgravily 
Science Applications 
(Code U) 
(202) 358-0689 
rcrouch@hq.nasagov 

Granville Paules 
Office of Mission to Planet 
Earth (Code Y) 
(202) 358-0706 
gpau/es@mtpe.hq.nasagov 

NASAls Business Facilitators 
NASA has established several organizations 
whose objectives are to establish joint spon­
sored research agreements and incubate 
sm all s ta rt-up companies with s ignificant 
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 
(BOO) 746-4699 

Julie Holland 
NASA Commercialization 
Center 
Pomona, CA 
(909) 869-4477 

Bridgette Smalley 
UH-NASA Technology 
Commercialization 
Incubator 
Houston, TX 
(713) 743-9155 

John Rni 
Goddard Space Flight 
Center Incubator 
Baltimore, MD 
(410) 327-9150 x1034 

Thomas G. Rainey 
NASA KSC Business 
Incubation Center 
Titusville, FL 
(407) 383-5200 

Joanne W. Randolph 
BizTech 
Huntsville, AL 
(256) 704-6000 

Joe Boeddeker 
Ames Technology 
Commercialization Center 
San Jose. CA 
(408) 557-6700 

Marty Kaszubowski 
Hamplon Roads 
Technology Incubalor 
(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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• 

SGI is the world leader in 
• graphics technology for full-scale 

3 60-degree virtual reality 
air traffic control towers 

SGI and NASA Ames Research Center 
have created the air traffic control tower 
of the future-today. 

NASA FutureAight Central provides the ability to 
virtually test and prevent potential air and runway 
traffic problems. The possibilities of this technology are 
limitless. It could enable control towers to collaborate in 
real time with international airports, visually predict and 
therefore prevent commercial flight delays or accidents, 
and even manage interplanetary traffic control some day. 

By using the Silicon Graphics· Onyx2· visual 
workstation to process complex 30 graphics. imaging, 
video, and satellite data in real time, the system can 
portray any airport in the world in realistic 360-degree 
high-resolution images. 

Wtn a Stltcon Graphtcs 1600SW flat panel dtsplay . 
Visit our Web site to find out more how SGI Federal can help you see the future. While you're 
there, enter to win one of our award-winning flat panel displays. Complete contest rules are 
located at www.6qi{ederol.com. 

www.sglfederal.com 
ffc.arc.nasa.gov 



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

I need to characterize the ize and di tri­
bution of water droplets in ide a hea 

black oil emulsion. What are ome of the 
lab in truments I can use? Are there an 
online mea urement technique for a 
production tern of heavy black oil 
ernul ions? Thanks for an ugge tions. 

Tom Houlihan 
thoulihan@deanfuelstech.com 

Technologies Wanted 
As a regular part of Reader Forum, we 

feature abstracts of Demand Pull Technol­
ogy Tran fer projects. The e projects iden­
tify technology needs within an industry 
egment - uch as Assistive Technology-

and find technology solution to meet 
tho e needs. TIle Rehabilitation Engineer­
ing Re earch Center on Technology Trans­
fer has developed the Wheeled Mobility 
Project to identify market needs like those 
de cribed below that repre ent ignificant 
busine opportunities. For more details 

on the project - or to ubmit teclmo\ogy 
olutions - visit the project web ite at 

www.rti.org/ technology/ wheelchairs. 

Motor Technologies 
nder light loading, the permanent 

magnet motor and its drivetrain can have 
an overall efficiency of about 60-70%. 

nder typical loads, the overall motor 
and drivetrain efficiency can drop to 
about 45%. Motor and drivetrain effi­
ciency impacts battery performance and 
overall wheelchair performance (e.g., 
range, peed). An ideal motor must have 
an average efficiency of at least 75% 
under typical loading. It hould allow a 
minimum range of 30 mile (from two 
fully charged, Group 24, 12-volt batterie ) 
while improving acce to difficult terrain 
and urface, and near-con tant motor ef­
ficiency, independent of loading. The 
motor mu t generate high tartup torque 
while dissipating heat well. en or 
should provide information to com pen-
ate for motor imbalance, diagnostics, 

teering, acceleration , and wear tatus. 
The motor should be located do e to the 
wheel or part of the wheel design. 

Geared Hub Technologies 
Environmental and human factors can 

reduce a wheelchair user's ability to pro­
duce and apply the force nece ary to 
propel and brake a manual wh elchair. 
Geared hub allow a u er to elect the ap­
propriate propul ive force level. An ideal 
geared hub tern must be partofa drive 
wheel that replaces a standard drive 
wheel. It must contain a pushrim, and 
hould have continuously variable (lin­

ear) gearing, or at least four discrete 
gear ratio in the (approximate) range of 
l-t0-2 through 2-t0-1. It must provide "re­
ver e gearing" and should weigh 7 
pound or Ie s. A ingle user interface 
(i.e., both wheel operate simultane­
ou ly) for gear ratio election should re­
quire minimal user dexterity and force to 
operate. There hould be no obtru ive 
levers, cable, or imilar hardware. 

rtI\ Series 4100 (up to 20 L/min.) to measure air, 02 and N20 
-- Series 4000 (up to 300 L/min.) to measure air, and 02 

14 

... ideal for a wide range of applications 

HIGII ACCURACY 

F\\T RISPOl\iS[ 

LO\\ PRI SSlJR[ DROP 

Low Cost Measurement Solutions in 
Laboratory and Installed OEM Versions for 

• Research and Development • Laboratory Reference 
• Manufacturing Testing • Quality assurance 

. .. from TS1, a worldwide leader 
in air and gas flow measurement technology 

For More Information Circle No. 403 

TSI Incorporated 
Flowmeter Division 
St. Paul, Minnesota, USA 

Tel.: 651 490 3849 
Fax.: 651 4904053 
Email: flowmeters@tsi. com 
Web: http://flowmeters.tsi.com 
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FRAME GRABBER 
HI*DEF Accura ™ 

1_25 'M 

1_50™ 

1_60™ 

IMASCAN 'M 

PIXELJITIER PIXEL RATE 
±0.5 ns up to 150 MHz 

±1 .0 ns up to 25 MHz 

± 1.0 ns up to 50 MHz 

±1 .0 ns up to 60 MHz 

±2.5 ns up to 20 MHz 

BITS 
10 bits 

8 MSB of 10 bits 

10 bits 

10 bits 

8 bits mono 
24 bits color 

FORESIGHT 
IMAGING™ 

978-256-4624 
info@foresightimaging.com 
www.foresightimaging.com 

For More Information Circle No. 548 or Visit www .nasatech .com/548 



Wish Your 
Scope Had 

More 
Memory ? 

2 Gigabyte On-Board 
Acquisition Memory 
up to 500 MS/s Sampling Rate 

8 bit 500 MS/s Scope 2 Gig Memory 

12 bit 100 MS/s Scope 1 Gig Memory 

16 bit 2.5 MS/s Scope 1 Gig Memory 

32 bit 100 MHz Digital Input 2 GB Memory 

View entire record and zoom in 

Save 2 GB record for post processing 

.. SDKs for DOS, Win 95/98, 
Win NT, MATLAB, LabVIEW 

- Easy to use Windows software J 

1 
GageScope Software 

World's Most Powerful Scope Software 
Supports 2 GB Acquisition Memory 

GaGa 
A Tektronix Technology Company 

Tel: aOO-567-GAGE Fax: 800-780-8411 
e-mail: prodinfo@gage-applied.com 
Outside U.s. caJISl4-633-7447 or Fax 514~770 

For More Information Circle No. 404 

Over tM past thrt!e dLcatks, 'ASA has granud 11WTI! than 1000 paunt licenses in virtuaUy roery a1l1a oj 
ti!chnology. TM agmcy has a portJolio oj 3000 patrnts and pemiing applications available now 

Jur license by businesses and individWlls, including these recently patmUd inventions: 

Thermally Regenerative 
Battery with Intercalatable 
Electrodes and Selective 
Heating Means 
(US. Patent No. 6,042,964) 

Inventors: Pramod K. Sharma, 
Sekharipuram R. Narayanan, and 
Gregory S. Hickey, Jet Propulsion 
Laboratory 

The invention provides a more direct 
and efficient way of utilizing heat to store 
electrical energy than the solar panels 
most spacecraft rely on. The heat is 
directly converted at high efficiency into 
stored chemical energy in a battery con­
taining a thermally regenerable elec­
trode. The battery contains at least one 
electrode that intercalates a first species 
from the electrolyte in the first electrode 
compartment to form a thermally 
decomposable complex during dis­
charge, while the other electrode sup­
plies another species to the electrolyte in 
the second electrode compartment. The 
thermally decompo able complex is sta­
ble at room temperature but is decom­
posable at temperatures of 50-150 
degrees C (preferably 50-100 degrees C, 
suitably 80 degree C). The electrode 
compartments are separated by a selec­
tive ion-permeable membrane that is 
impermeable to the first species. 

Method for Forming Fiber 
Reinforced Composite Bodies 
with Graded Composition 
and Stress Zones 
(US. Patent No. 5, 945, 166) 

Inventors: Mrityunjay Singh, Stanley 
R. Levin, and James A. Smialek, Lewis 
Research Center 

Fiber reinforced silicon carbide matrix 
compo ites requiring thermal and envi­
ronmental stability and good thermal 
hock resistance are commonly used for 

combustion and exhaust components in 
jet and rocket engines, ceramic burner 
inserts, and heat exchanger tubes. In 
order to serve their intended purpose, 
these have to be operated at high tem­
peratures and undergo mechanical and 
thermal stresses. Prior-art matrix compos-

ites are often microcracked due to the e 
stresses, and oxygen penetrates to the 
fiber-matrix interface through the e 
cracks. The interface and the fiber 
become oxidized, thereby leading to the 
failure of the composite . The present 
invention provides silicon carbide mallix 
compo ites having means for ealing 
matrix cracks so as to prevent oxygen and 
corrosive gas ingre to the fibers and 
interfaces. The method provides a refrac­
tory fiber preform, infiltrates it with a 
mixture selected from polymer/ resin, 
cures it at a temperature from about 60 
·C to about 90 ·c, heats it at about 600 ·C 
to about 700 ·C in an inert environment 
so as to convert the mixture to carbon, 
and infiltrates the preform with molten 
material selected from the group com­
prising molten silicon and binary silicon­
refractory metal alloys. 

Use of Ultrasound to Improve 
the Effectiveness of a 
Permeable Treatment Wall 
(US. Patent No. 6,013,232) 

Inventors: Jacqueline W. Quinn, 
Christian A. Clausen, Cherie l. 
Geiger, Debra R. Reinhart, and Nancy 
Ruiz, Kennedy Space Center 

Remediating groundwater sites contam­
inated with halogenated hydrocarbons 
with technologies that attempt to remove 
the contaminant from the subsurface and 
pump it to a treatment system have had a 
limited degree of success. Thus recent 
efforts have focused on physical, biologi­
cal, or chemical treatment in situ. A per­
meable treatment wall (P1W) is an alter­
native remediation technology that does 
not involve pumping. As contaminated 
groundwater is canied through the wall by 
the natural gradient, halogenated olvents 
are chemically altered to acceptable alter­
native species. Emerging on the down­
stream side of the wall is contaminant-free 
groundwater. The invention also provides 
for inserting an ultrasonic radiation-gen­
erating transducer into the subsurface in 
or near the wall. P1Ws are designed to 
have a greater permeability than the sur­
rounding soils, and are typically construct­
ed using a high-permeability sand mixture 
bearing a zero-valent metal. 

For more information on the inventions described here, contact the approjmate NASA Field 
Center's Commercial Technology OJfu:e. See page 12 Jor a list oj offu:e conlacts. 

www.nasaLech.com ASA Tech Briefs. August 2000 



The Multiphysics 

Des-gnToo of_ ...... "", ... _ 

DaimlerChrysler 

MotoroJa 

AppliedMatetia1s 

U$.Army 

u.s. Navy 

IBM 

Xerox 

Pratt&Whitney 

Siemens 

Caterpillar 

BMW-Rolls Royce 

... and many others 

Fluid-Structure Interaction 
in a MicroMixer 

Geometry, Courtesy of Sarnoff Corporation 

For Mort! Information Circle No. 544 

Underhood Cooling 

Cavitation in Vane Oil Pump 

- -- - - --

~ .. Wotr'tf'I'trr «'om ,,,. ~st. 17. 480(. 

"On _ ............ oIao_........,.. 
CFDR_C_ 

1 15 W)owI Dri¥e 
~e,~ 

VOICE: 256.726.4800 
www.cfdrc.com 
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(~ PRODUCT OF THE MONTH _ 
NASA Technology 
on the Move 

I n an effort to move hundreds of 
technologie with commercial po­

tential from a growing inventory to the 
pri ate sector, ASA's Langley Re-
earch Center in Hampton, VA, has 

designated certain technologies eligi­
ble for expedited licensing - with 
nominal fees and minimal negotia­
tions. The technologie are on display 
at the new Technology Portfolio web 
site at www.mtac.pittedu/ tech/ . 

T
he 54600 series of oscillo copes from Agilent Technologies, Colorado 
Springs, CO, offers multiple-channel configurations: 2- and 4-scope chan­
nels or the mixed-signal oscilloscope with 2 + 16 chann els. The scopes also 
include 2 MB of MegaZoom deep memory behind every channel, and a 

high-definition display system that maps deep memory into 32 levels of gray scale 
at up to 25 million vectors per second. The 2 + 16 models combine the signal 
analysis of a scope with the multi-chaJmel timing measurements of a logic analyz­
er. Users can view two analog and up to 16 digital signals simul taneously. The 
scopes' triggering capabilities include edge, pulse width, pattern, and sequence. 

The web site contains a summary 
of each technology and links to the 
patent, as well as information on licens­
ing and sanlple licensing agreements. 
Instructions on preparing a commer­
cialization plan and license application 
are included. The web site was devel­
oped by the Mid-Atlantic Technology 
App lications Center (MTAC) to 
ensure that NASA's technology assets 
are quickly aJld effectively translated 
into production processes and mar­
ketable, innovative products. For More Information Circle No. 750 

Gorillas (and NASA) in the Mist 

D ian Fossey's work has provided considerable insight into 
the life and behavior of mountain gorillas. Atmed with 

a camera, binoculars, and a fieldjoumal, Fossey aJld a com­
munity oflocal tracker documented intimate details of what 
gOlillas living in the Vuunga Mountain Range of northern 
RWaJlda did, where they went, what they ate, and how they 
interacted with one another. ow, thanks to a partnership 
between conservation orgaJlizations, the University of 
Rwanda, and Georgia Tech Research Institute, scientists are 
able to continue her work. The partnership will put tech­
nologies of remote sensing into the hands of field scientists 
working to protect the gorillas, and may also serve as a 
demonstration of how advanced technologies can boost the 
stmggle to protect other endangered species. 

The partnership also may receive help from ASA, whose 
Digital Earth initiative seeks to make the agency's data 
resources, imaging tools, and 25 years of expertise available 
to field scientisl~. According to Dr. Timothy W. Foresman, 
national executive manager for the initiative based at NASA's 
Office of Earth Science in Washington, DC, NASA would like 
to utilize its resources "to provide satellite imagery of the 
research area as a contribution to the project. so that we can 
better understand how CPS [global positioning system], 
remote sensing, CIS [geographic information system] , and 
environmental modeling are being used to make decisions in 
Rwanda We will learn what really works in the field so we 

can begin to take these global resources and make them rele­
vant to the people who really need them." 

Foresman explained that he wants to explore how differ­
ent technologies can work together - especially now that 
data can be shared easily via the Internet That could lead to 
the de\'elopment of a global clearinghouse for data applica­
ble to conservation, planning, and resource management 
By using low-cost technologies and providing data, tools, and 
consultation at no cost, NASA's Digital Earth will make the 
resources widely available. NASA's next step will be to define 
the resource that the agency can apply to the project 

Far m~ inJormaiUm on :VASA s Digital Earth program, visit 
www.digitakarth.guu. 

www.nasatech.com NASA Tech Briefs, AUgusl 2000 



Nowyoucan 
acquire data directly 
into MATLAB. 

1he new MATLAB® Data Acquisition Toolbox makes it easy to acquire data directly into 

MATLAB. This new toolbox allows you to communicate 

with a variety of data acquisition devices, including 

plug-in boards from National Instruments, Hewlett Packard 

VXI hardware, and PC sound cards. Acquire, analyze, 

The new M.mAB Data AcqUIsition Toolbox visualize, and model from within the familiar, industry­
lets YOIl read dara directly from acquisition 

hardware into MATu.B for analysis. standard MATLAB technical computing environment. 

- Ad now. Get a free technical example, as well as complete product specifications. 

To get your free technical example call us now at 508-647-7000, or visit our 

Web site at www.mathworks.comlntba. 

Call 508·647·7000 
or visit www.mathworks.(om/ntba 

MATU.8 and ils 

add-on roolboxes 

provide support for 

data acquisition. 

signal analysis, lind 

w ....... woddwi<k _rk of wl<rnational rq>rexr1wiws. 

VISit oW' Wd> sile at www.matbworks.com/euT for mOR information. 

For More Information CIrcle No. 516 

MAT LAB-



SA Gets a Boost in ESD 
Productivity 

DEW&SOOO 
Dewetron 
Charl town, RI 
401-!J64-9464 
www.dewamerica.com 

Walking acro sa mg can induce a large static charge. which 
can be released upon contact WIth a doorknob. Tn an o:-.vgen­
rich atmosphere, one 'mall park can cawe more than an 
annoying shock - it can result in a catastrophic explosion. 
Accordingly, every material that is usc-d aboard any kind of 
space \'ehicle must be te ted for the amOU11l of static charge 
that it will hold under a .-ariety of environmental conditions. 

Without rigorous testing. • ASA cannot ensure that an 
unwanted electrostatic discharge (ESD) doesn't threaten the 
fntemational pace tation (ISS), or the pace huttle . 
Triboelectric testing (using friction to induce a tatic charge) 
has been the answer for decades. But the Material ciellce 
Laboratory (M L) at ASA's Kennedy pace Center (KSC) in 
Florida received a major upgrade recently, resulting in greater 
emcienc}" and enhanced safety for CUiTent and future missions. 

The MSL has cll'tomers including ASA Sh little and 
Payloads.othel NASA center, goyernment agencies, KSC con­
tractors, and private industry worldwide, M L had been using 
slow, antiquated equipment consiting of an electrometer. 
o cilloscope. and timer attached to !'.ASA' own test stand to 

-~ASA Upgrades Heat-Shield Data 
Acquisition System 

LabVIEW 5.1 graphical programming 
National Instruments 
Austin, TX 
800-890-6229 
www.ni.com 

oftware 

capture and record 
electro Latic decay 
rates. Malenal ' are 
ruhbed "ith a knO\\11 
medillm on the uibo­
e\ecu;c te~ting unit 
to delel mine what 
acquired electrical 
charge, in mit.>, will 
discharge to ground 
\\;thin fhe seconds. If 
materials hold greater 
than an amount re­
g-arded as "~afe." then 
thev may nOI fly. This 

A NASA scientist operates the Triboelectric 
Test Stand at Kennedy Space Center. A 
color printer is connected directly to the 
DEWE-3010 for report generation. 
(Photo courtesy of NASA) 

includes materials from space suits, walls, doors, controls, and 
food containers. 

The recently acquired DEWE-3000 i a multipurpo e data 
recorder/analyzer that replace the oscillo cope, timer. and 
de ktop PC in a box about the ize of a hriefca e. Dewetron 
application engineers worked clo 'elv ",itl1 :-.IASA engineer to 
create a graphical software application to automate all aspects 
of the data collection, including the timing of the experiment 
il~eJf, the acquisition, data storage, and even report genera­
tion. With the Dewetron system, the data is recorded, stored to 
a disk, and a report is printed out in less tl1an two minutes. 
Using Dewetron' graphical programming toolset, the applica­
tion was created in hours in tead of weeks, or even months, 
using u-aditional tools. 

For More Information Circle No. 747 

The system imulates atmopheric reentry condition for 
heat- hield material and consists of a plasma gas excitation 
shaft, pecialized impact chamber, test mounting fixture, and 
vacuum generator. With the new system, ASA needed to 
archive test data while simultaneously archiving and tracking 
te t ,etup pal-ameters. By collecting etup parameter. test 
engineer and operators can identify the te t, select available 
data acqui ition channels, configure analysis from combina­
tions of channels. define warning and abort alarm levels for 
channels, define channel for recording in report file~. and 

~ \. A recently replaced eyeral 
older acqui ition and analysis systems 
\,ith a single ~)"Stem to monitor. u-ans­
mit. anal~ze, archive. and present data. 
The solution necded to be flexible 
and maintainable with off-the-sheU' 
electrical and software components 
integrated into a system using a stan­
dard prognlllllning platform. The new 

••• ~... convert data units ltsing ! I T tan­
dards or operator-defined limits. 

\slem, created \',ith data acquisition 
a:nd CXI hardware operating under 
an application written in Lab\'lEW. i 
rack-mounted "ith a networked client­
server topology based on Windo\\ :'\1 
One PC acquires data, another PC act.> 
as a data erver, and five other PC~ act 
as independent remote analy is and 
evcnt triggering workstation . 

The new data system archives setup information 
and raw data for each test. With raw data, tests 
can be replayed on an analysis workstation. When 
replaying the test., users can watch interactions 
between input channels after the initial test is 
complete. 

_~~....-. ______________________ www.na<;alech.com 

The I ASA application combines 
the power of ActiveX Data Objects 
(ADO) with familiar LabYIEW data 
flow programming by using Acti\'eX 
calls to manage the data objects. 
With the new sytem, . ASA engi­
neers and test operators have new 
flexibility in running te ts while pro­
"iding ability to repeat te ts \irtually 
with me 'arne data integrity, The 
applIcation is well poised to further 
exploit the benefits of high perfor­
mance web-based technologie~ if the 
need ari. e. to hare the data, docu­
mentation, or te t re~ults. 

For More Information Circle No. 748 
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The DEWE-3010 and DEWE-2010 completely 
redefine what a data acquisition system should be. 
Not just portable and rugged, but also open­
architecture, so you can upgrade the hardware and 
software long into the future. With modular signal 
conditioners you can mix and match to create your 
own system with dozens of fast channels and up to 
2048 slow/temperature channels! 

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

Please call toll-free at + 1 (Sn) 431·51 
visit our website, or send email to: 
werock@dewamerica.com 

OEWE-30 I 0 Ultra-portable 
complete system 

L -STO-81 Oc Shock/Vibration 
CE Mark, ISO-9000, ISO-14000 
Portable PC Versions Available! 

Dewetron, Inc. 
TolI·free +1 (877) 431-5166 
Tel: +1 (401) 364·9464 
Fax: +1 (401)364·8565 
Website: www.dewetron.com 

trademarks acknowledged as the properties of their owners 
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For More Information Circle No. 534 



i D£Sk::~N~ DtJutJ£ 
coNFERENCE 

SUDDENLY YOU'RE 
WORKIN~ SMARTER 

This October, you can experience the 
design vision for the digital economy 
first hand - and free . Autodesk­
announces the iOesign Online 
Conference 2000, a series of over 
60 live online seminars dedicated 
to helping you harness the power 
of the Internet and the potential of 
iDesign. Seminar topics include: 

• Beyond design & drafting ... 
into the supply chain 

• Manufacturing trends, 
strategy & products 

• The Internet and enterprise 
wide solutions 

• The future of design 
technologies 

Sign-up now at: 
www.autodesk.comlidesignonline 

autodesk· 
Bcoughllo you by; 

intel. 
i n v e n t 

COMPAQ VlsualBasII:f 
for APPhcations 

0 2000 AJl1lademarks and logos are cwmed and/or reglstenld 
by tile respectiw companies indicated. 

For More Information Circle No. 405 

Fred Schramm, Engineer, Technology Transfer 
Office, Marshall Space Flight Center 

Fred Schramm cur­
rently is manager 

of the Center Direc­
tor ' Discretionary 
Fund, a program for 
some of NASA's most 
advanced research, at 
MarshaU Space Flight 
Center, Huntsville , 
AL. In 1997, Schramm received tile Fed­
eral Laboratory Consortium (FLC) 
Soutl1east Region Award of ExceUence 
for hi efforts in facilitating the com­
mercialization of compressed symbology 
for product identification. 

NASA Tech Briefs: What is compressed 
symbology? 

Fred Schramm: It i a general term 
u ed to describe a category of identifica­
tion symbols that can be encoded with 
information, can be marked directly on 
the surface of a product, and can be 
scaled up or down to fit the application. 
Compressed symbology usually involves 
symbol that do not use bar-code formats 
in their structure. Their structure is usu­
aUy a matrix format resembling a 
checkerboard. 

NTB: What advantages do matrix sym­
bols have over conventional bar codes? 

Schramm: Bar codes and matrix sym­
bols boili encode information so that a 
computer, through the use of a reading 
device, can understand the information 
directly. But bar codes are limited in size 
reduction due to certain ratios of wide 
and narrow elements that must be pre­
sent for readers to decode them. They 
are also limited to paper label and 
printed media due to tl1e contrast re­
quired by laser canners. A matrix symbol 
is read by a CCD camera, which captures 
the entire image to decode ilie pattern. 
This enables symbol capture from a wide 
variety of surfaces, including metals. Ma­
trix symbols can be marked on mi­
crochip and read through a microscope, 
or cover the tops oflarge containers to be 
read from a great distance. 

NTB: What applications has NASA con­
sidered for this teclmology? 

Schramm: The original intent for tudy­
ing liis technology centered on improved 
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configuration management of flight hard­
ware and improved flight safety. Using Au­
tomatic Identification Tracking (AlT) was 
an approach to eliminate ilie data errors 
in ASA' vast databases, while making 
data capture as efficient as checking out at 
the grocery store. 

NTB: Wby did NASA initially decide 
Dot to adopt the technology, and will it be 
implemented in the future? 

Schramm: Most of the early meliods 
developed for direct part marking of 
compressed symbology did not meet lie 
criteria for safety. Studies showed that 
marking ilie surface of a part changed its 
characteristics, and lie identification 
mark was considered a controlled defect. 
As lie technology evolved, we continued 
to develop permanent marking meliods 
for applying small matrix symbols liat 
would be as safe as or safer lian tl1e 
processes liat are accepted today. Tests 
are underway to deliver ilio e processes 
during 2000. The ASA Direct Part 
Marking Standard and Handbook are ex­
pected to be made available this year. Di­
rect part marking and AIT will playa fu­
ture role in flight safety. And we even 
have answers to lie questions about 
flight hardware that has been covered 
wili paint or foam. We are developing 
marking meiliods and lie prototype de­
vices to read matrix symbols lirough 
coatings and even wiiliin ilie assembly. 

NTB: What are some commercial 
applications? 

Schramm: NASA findings spurred addi­
tional te ring by lie Department of De­
fense (DoD) and plivate industry liat re­
sulted in electing tl1e Data MatrixN 

symbol for parts marking by the Auto­
mated Identification Manufacturers 
(AIM) and ilie American ational Stan­
dards Institute (ANSI). Adcti tional part­
marking tandards quickly followed as ilie 
automotive, electronics, pharmaceutical, 
and aircraft industries adopted the sym­
bol. The symbol is found on many of ilieir 
products, and its use is being required on 
first- and second-tier uppliers, for exam­
ple, in ilie aircraft industry. 

A full transcript of this interoiew appears 
online at Wl1IW.nasatech.cotn. Mr: Schramm 
can be reached at jred.schramm@msfc. nasa. 
guo. 
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~ ~ Commercialization Opportunities 

Adaptive Camouflage 
Lightweight optoelectronic sy tem 

built around advanced image sensors 
and di play panels make objects appear 
transparen t by projecting the back­
ground cenery in front of the objects. 
Besides applications in the military and 
law-enforcement establishments, thi sys­
tem could be used to project outdoor 

view into windowle s rooms and to show 
who i ringing at the front door. 
(See page 2 .) 

Moving Chair for Virtual 
Reality 

An apparatus called a personal motion 
platform i being developed for u e in 
adding sensations of motion to computer-
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controlled imulated environments, pop­
ularly known as virtual reality. It can be 
used for biological research, education, 
and plain entertainment. 
( ee page 30.) 

Thrust Stand Measures Thrusts 
of < 1 Pound 

This device measures thrusts pro­
duced by miniature cold-gas thrusters in 
vacuum and air. uch thrusters are used 
on remotely piloted cameras and astro­
nauts ' backpacks. 
(See page 40.) 

O~gen Batteries Based on a 
Solid Polymer Electrolyte 

A derivative of the lithium-ion cell 
could prove useful in space flight and 
commercial applications. The theoretical 
specific energy of the cell is 5,200 Wh/ kg. 
(See page 48.) 

Gap Welding Preforms 
Small, temporary, disposable in erts 

called "gap welding preforms" are pro­
posed for use in attaching conductive 
ribbon to radio-frequency electronic 
circuits. The advantages are consistency 
and faster time to make the connections. 
(See page 49.) 

Microfabricated High-Q Optical 
Resonators for Microphotonics 

U1tra-high-Q microcavities would be 
mass produced and integrated by tech­
niques adapted from microelectronics. 
Using these methods, there is a potential 
to obtain Q~ 1010

• 

(See page 50.) 

Improved Unidirectional 
Cell-Stretching Device 

This device has been developed for 
use in research on the effects of unidi­
rectionalloading on human and animal 
cells. It will mimic the loading or un­
loading experienced by skeletal muscles 
and other tissues of intere t. 

( ee page 53. ) 

Device for Testing Susceptibility 
of Bacteria to Antibiotics 

U ing this device, one can determine 
the minimal inhibitory concentration of 
selected antibiotics against certain bacte­
ria, without re orting to complex tradi­
tionallaboratory testing equipment. 
(See page 56.) 
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A Flight Control Actuation System 
that Defies Convention 

For the X-33, Thomson Saginaw designed a ball screw 
assembly for high performance. 

A t the heart of the X-33 Flight Control 
"'-Actuation System (FCAS) is a tate­
of-the-art ball screw assembly designed 
specifically for this demanding applica­
tion by Thomson Saginaw Ball Screw 
Company LLC of Saginaw, MI. Working 
with Honeywell of Tempe, AZ, integrator 
of the 270-VDC linear actuator system, 
Thomson Saginaw supplied a ball screw 
assembly that provides: 
• Dual redundant drive capability; 
• An "internal crossover" ball recircula­

tion system, contained completely with­
in the ball nut body; 

• Custom multiple-circuit thrust bear­
ings at each end (connection point) of 
the ball screw; and 

270Vdc 

1553Eb; 

270Vdc 
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• A combination of specialty stainless 
steels and plating technology for maxi­
mum environmental/high-tempera­
ture resistance. 
The use of ball screws in flight control 

applications is well founded. Linear actu­
ators incorporating ball screws are used 
in applications including the flap 
and/or slats of many aircraft, including 
the B-747, B-757, A-31O, and C141 air­
craft. They are also used in many hori­
zontal stabilizer applications in many of 
the arne aircraft and in others such as 
the B-777, Embraer 145, and KC135. In 
addition, many space applications such 
as rocket engine and atellites utilize 
ball screws in linear actuation. The chal-

lenge of the X-33 design was to integrate 
all the nece sary technology to meet 
unique requirements. 

Performance requirements for the X-33 
included a maximum operating load of 
25,000 lb., a 48,OOO-lb. limit load, 0 to 
+350-'F operating temperature range, 5-
minute exposures to 500 OF at the rod end, 
and dual.<frive capability. Also required 
was a 90-percent minimum mechanical 
efficiency of the ball screw and O.OO~in. to 
0.007-in. axial lash (free play) between rod 
end and ball nut The harsh environment 
dictated that the materials used would 
need to be as inert as possible. Stainless 
teels were used wherever possible for all 

of the metallic components. 
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Figure 1 X·33 FCAS EMAIControlier schematic. 

Motion Control Tech Briefs. August 2000 wl,w.nasatech.com Ib 



The linear actuators used in the 
33 F obtain dual-drive capability 
through two independent motor/ brake 

tern on each ball crew. A dual-chan­
nel LVDT arrangement provide Linear 
po ition feedback (ee Figure 1). To 
accommodate the dual-drive require­
ment, the ball crew assembly wa 
de igned with y tern attachments at 
both the ball- crew end (drive y tern 1) 
and the ball nut outer diameter (drive 
y tern 2). 

The crew shaft is "fixed" relative to 
either drive ystem, and the ball nut i 
alway the tran lating member. For 
instance, operation of the first drive 
tern will re ult in rotation of the crew 
shaft and tran lation of the ball nut. 
With the second drive system operating 
and the fir t stationary, the ball nut will 
rotate and translate simultaneously 
along the screw haft. This is accom­
plished through a low-friction sliding 
interface between the ball nut outer 
diameter and the econd drive system. 
At this interface, a silver-plated involute 
spline transmits operating torque and 
allow for liding ( ee Figure 2) . 

Many conventional ball- crew designs 
use external steel tubes for recirculation 
of the bearing ball. In the X-33 assem­
bly, internal "crossover"-type ball returns 
were used to minimize the diametra1 
envelope and provide a mass-balanced 
assembly. This i particularly important 
in sy tern requiring that the ball nut be 
driven (rotated). The de ign called for 
an exceptionally long ball nut (to pro­
vide the required 7 inches of travel 
acros the involute spline in the event 
that operation of the second drive ys­
tern was required) . For this reason, the 
two five-turn cro sover "blocks" are posi-

end 

Fluoroelastomer seal 

Retainer 

L I=:vt~.nc:.it'\n tube 

Rod end 

Extension tube 

nut - Drive system #2 attachment 

Non-jamming mechanical stop 

Screw shaft - Drive system #1 attachment 

Figure 2. Isometric view of the X-33 FCAS ball screw assembly. 

stop at each end of the troke (see 
Figure 3). 

Becau e of the potential need to rotate 
the ball nut using the second drive sys­
tem, it was nece sary to provide a swivel 
joint between the ball-nut extension tube 
and the rod-end attachment to the pace­
craft. For this purpo e, nine circuits of 
bearing balls are in erted through retain­
ers into bearing raceways ground into 
the extension tube's inner diameter and 
rod-end outer diameter. A stainless steel 
sleeve covering all retainers and a fluoro­
elastomer seal at the rotating interface 
keep contaminants out of the assembly. 
The ball-groove geometry, ball ize, and 
ball quantity used in the swivel joint were 
"balanced" with that of the ball screw for 
equal load capacity and endurance life 
( ee Figure 3) . 

During development te ting, it was 
determined that conventional thrust 
bearing technology, originally used at 
the screw shaft drive attachment, was 
inadequate. Deflections in the original 
bearings and adjacent complex housing 

Ball nut 

Internal "crossover-type" bearing location 

9-circuit thrust bearing location 

end. What resulted was the development 
of a nine-circuit thrust bearing that sig­
nificantly reduced deflections down to 
an acceptable level (see Figure 3). 

Applied (dynamic) loads were pre­
dicted to range from several hundred 
pounds to 48,000 lb. on this actuator. 
This results in a large variation in mean 
Hertzian stre e, from less than 100 kSI 
to greater than 500 kSI, in the thrust 
bearing, swivel joint, and ball screw 
race . To understand operational char­
acteristics across this stress realm, sever­
al developmental tests were conducted. 
Both mechanical efficiency (for the ball 
screw) and coefficient of friction (for 
the nine-circuit thru t bearing and swiv­
el joint) were quantified across this 
range. From this data, the appropriate 
ball ize, race geometry, and material 
condition were derived. The final design 
provided 90.5-percent minimum ball­
screw efficiency and 0.00294 maximum 
coefficient of friction in the thrust bear­
ing and swivel joint under a 48,000-Ib. 
(535 kSI Hertzian stress) operating load. 

Thomson Saginaw used its TSS-
3165 stain Ie s steel for the swivel 
joint/ rod end, ball nut extension 
tube, and crew shaft. This mate­
rial is an induction-hardenable 
martensitic stainle s steel nor­
mally core-developed from R/ C 
34 (150 kSI UTS) to as high as 
R/ C 40 (207 kSI UTS) and then 

FIgure 3. Cross-sectional view of the X-33 FCAS ball screw assembly. 

electively induction-hardened in 
the raceways only. This proce s 
results in a tough structural core 
condition. 0 platings are 
required with this material. End 
stops, wivel join t retainers, 
crossover blocks and retainer 
sleeve were also manufactured 
of tainless steel. The tough 
structural nature of the TSS-3165 

tioned as far apart as po sible for maxi­
mum ball-nut tability. The blocks are 
assembled into internal slots in the ends 
of the ball nut. Actuator overtraveI is 
prevented by nonjamming mechanical 

2b 

geometry caused performance degrada­
tion in the actuator. Con idering the 
les on learned during de ign of the 
swivel joint, this technology was bor­
rowed for use at the screw shaft drive 
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material and heat-treat process resulted 
in a very lightweight as embly. In addi­
tion, further weight reduction were 
accomplished through (1) deep-hole 
drilling of the crew shaft; (2) drilling 
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of the wiveljoint bod (under the bear­
ing race); (3) "bottle" boring of the 
ball nUL bod between ball circuits; and 
(4) "bottle" boring of the exten ion 
tube up to the wive I joint ball race 
( ee Figure 3). 

The ball nut has integral top jaws 
that would engage the extend or retract 
stop to prevent any potential overtravel. 
The e top are de igned uch that they 
arre t actuator travel by reacting the tor-
ion between the ball nut and crew 

shaft-they do not load up axially. 
During development, tops were te ted 
to ultimate load and beyond to verify 
integrity under the worst case. 

The entire outer diameter of the ball 
nut is an involute spline, which forms 
the interface with the second drive sys­
tem. This spline is i1ver-plated to pro­
vide an inert, low-friction surface. The 
remainder of the ball nut body is thin 
den e chrome-plated. The ball nut 
extension tube is threaded, shouldered, 
and pinned to the ball nut ( ee Figures 
2and 3). 

Before the manufacture of any proto­
types, the ball crew was completely 
modeled using Unigraphic V15 olids 
modeling software. Endurance life, 
operating load capacities, and Heruian 
reactions were analyzed using ball-screw 
design oftware developed by Thomson 
Saginaw. A multisection column capacity 
model was developed, and compres ive 
capacitie of the actuator studied for var­
ious combinations of applied load and 
stroke position. Using this model, later­
al deflections and unit stre ses were pre­
dicted along the ball screw's length . 
Comprehen ive static and fatigue analy­
se were also completed_ Axial stiffnes 
of the ball screw assembly was predicted 
and verified to support the overall sys­
tem design. Stiffnes in full retract was 
found to be 1.6 x 106 lb./in. and 1.5 x 
106 Ib./in. at full extend. 

In addition to the development test-
ing and analy e performed, each ball 
crew was subjected to an acceptance 

test plan (ATP) prior to shipment. Thi 
ATP included lash determination, 
loaded efficiency te t, dynamic torque 
variation, stroke length verification, and 
recording of actual weight. Further 
development, qualification, and accep­
tance te ts were performed by Honey­
well at the actuator level. 

For more informatian, contact the author 
oj this article, David A. Lange, director of 
product engineering Jor aerospace, govern­
ment, and deJense at Thomsan Saginaw Ball 
Screw Co., LLC, 628 No. Hamiltan St., 
Saginaw, M1 48602; (517) 776-5111, ext. 
8227;Jax: (517) 7760109; e-mail: langed@ 
thomsonmail. com. 
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Acoustic-Emission-Analysis System for 
Diagnosis of Machinery 
High-frequency acoustic signals are processed to 
extract indications of bearing defects. 
Marshall Space Flight Center; Alabama 

Dey 3 Doy4 

I 111"' 
.000 2.000 3.000 '.000 5000 0 • .000 2.000 '.000 '.000 5.000 

III"' 

ec 

N D-2k[ '1 'foe 
I . " 

0+4C 

Doy5 DoyS 

·11"'0 .000 2.000 3-000 '.000 '.000 .11"' O.'-'-.J...J. ... ,:-::000'::'-.L..i..-':2.:7ooo-=-....... "':3~.000~...I-':-•. 000=...!...I~. 000' 

~. Hz "-'<Y Hz 

These AE Envelope Power Spectral Distributions were obtained in tests of a ball bearing. Even 
though the acoustic sensor did not sense low-frequency phenomena directly, the envelope analy­
sis extracted low-frequency bearing information from the high-frequency sensor output. The suc­
cession of plots shows a wear trend in the bearing signature. The symbols ·0" and "CO (some pre­
ceded by integers) signify the outer-race frequency and cage frequency (or a harmonic thereof), 
respectively. Combinations of "0" and "C" signify modulation products of the indicated frequen­
cies." N" signifies the shaft rotation frequency. 

A personal-computer-based system 
has been developed as a prototype of 
electronic signal-processing and com­
puting systems for diagnosis of turbines, 
motor, and other rotary machines 
through analysis of acoustic emissions. 
The system include acoustic sen ors 
that re pond in the kilohertz-to-mega­
hertz frequency range wherein acoustic 
energy tends to emanate from bearing 
defects. The tem also includes a rela­
tively inexpen ive desktop computer 
and a 12-bit analog-tlXligital converter 
that can acquire acoustic-sen or read­
ings in as many as four channels at a 
sampling rate up to 5 MHz per channel. 

The reason (or choosing the kilo­
hertz-to-megahertz frequency range is 
that when the digitized acoustic-emis­
sion (AE) signal in this frequency 
range are processed by uitable algo­
rithms to obtain indications of deterio­
ration of bearings, the resulting indica­
tions are more reliable than are those 
obtained by imilar proce ing of the 
outputs of accelerometers that sense 
lower-frequency vibrations. The algo­
rithms in question implement envelope 
analysis (see figure) and another 
signal-processing technique called 
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"point process spectral analysis" (PPSA) . 
In a typical application, vibration 

sources other than a defective bearing 
that one seeks to diagno e can be 
expected to give rise to a variety of 
anomalous transient events, including 
random spikes, in the AE signal. These 
anomalous transient events can mask 
bearing signature and prevent reliable 
detection of bearing faults. A common 
obstacle encountered in analyzing an 
AE signal is the inability to determine 
which transient events are related to 
shaft rotation and which are not. 
Conventional time- eries and spectral 
analyse are ineffective in distingui hing 
between u efuJ and usele signal fea­
ture . In addition, a bearing defect in its 
early stage generate intermittent tran­
sient impulse with weak periodicitie . It 
is difficult to detect these periodicities 
through conventional envelope pectral 
analysis. Furthermore, the need to 
proces a high-frequency AE signal in 
real time impo es a evere computation­
al requirement, which constitutes an 
impediment to the de ign of an inex­
pensive bearing-diagnostic S} tern. 

PPSA was ummarized in "Acoustic­
Emission Bearing-Fault Diagnosis 

www.na5alech.com 

FlexMoti 
Multiaxis 
Motion 
Control I 

Perfonnance 
• Dual processors 
• Real-time control 
• Interpolation and following 
• Multithreaded programming 

Simplicity 
• Intuitive programming 
• Development utilities 
• Reduced development time 

Rexlbliity 
• Servo, stepper, general 

PID control 
• Updatable Firmware 

Integration 
• Dedicated Synchronized Bus 
• PCI, PXrjCompactPCl, ISA, 

IEEE 1394 
• labVIEW' and Measurement 

Studio' - labWindows-jCVI and 
tools for Visual Basic and C++ 

Call today for your 

FREE Measurement and 
AutomatIon Catalog 2000/ 

~NATIONAL 
,... INSTRUMENTS' 

ni.com/motion 
(800) 811-0742 
Tel: 1512) 794{)lOO • Fac (5121 683-9300 
..foOnI.com 

.~------~- .... -­~- ..... - ..... -......... --... ---
For More Information Circle No. 656 



SMOOTH 
OPERATOR 
(BULLETIN ESL) 
The e high performance 
motors offer the benefit of 
negligible cogging for 
applications where ab 0-

lutely smooth performance 
is essential. Other features 

'--_____ --' include long life, quiet 
operation, and low inductance and high current 
bandwidth for precise control. All specifications are 
included in Bulletin ESL for Series 3400, 4400, and 
5400 motors. Pittman: 877-PITIMAN; fax (215) 
256-1338; ,,~vw.pirunanneLcom . 

Pittman 

COMPANY PROFILE 
Micro Mo Electronics is an OEM 
supplier of fractional horsepower 
DC motors, precision gearheads, 
tachometers, encoders, brakes, 
and complete ervo systems. 
Gearmotors from 1.9 mm in 
diameter. Power outpulS to 1,000 

watlS. Over 1,000 matching gearhead types are 
available in ratios up to 1,000,000:1. Custom 
motion ystems and special modifications. ISO 
9001 certified. Micro Mo Electronics, Inc., 14881 
Evergreen Ave., Clearwater, FL 33762-3008; Phone 
(800) 807-9166 (in the US or Canada) or (727) 572-
0131; fax (727) 573-5918; web site: http://www. 
micromo.com; e-mail: info@m..icromo.com. 

Micro Mo Electronics 

MVP®2001 MOTION 
CONTROL SYSTEMS 
The MVP® provides motion, 
velocity, position, and torque 
control with an integrated PWM 
or linear amplifier in one 2" X 
4" X 3.7" extruded metal case. It 
provides Device et™ compli­

am, RS-232, or RS-485 multidrop control of brush 
and/ or brushless DC motors. p to 64 axes can be 
networked. Under U 600 in single piece quanti­
ties. Micro Mo Electronics, Inc., 14881 Evergreen 
Ave., Clearwater, FL 33762-3008; phone: (800) 807-
9166 (US or Canada) or (727) 572-0131 ; fax: (727) 
573-5918; web ile: http://www.rnicromo.com; e­
mail : info@micromo.com. 

Micro Mo Electronics 
For More Information Circle No. 652 or 

v isit www.nasatech.coml652 

PNEUMATIC 
COMPONENTS 
CATALOG 
New Edition Includes Pneu­
matic Reference Guide. Mead 's 
newly expanded catalog in­
cludes a wide range of pneu­
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Mead Fluid Dynamics Inc., 4114 . Knox Ave., 
Chicago, IL 60641 ; phone: (773) 685-6800; fax: 
(773) 685-7002; web: meadfluiddynamics.com; 
e-mail : sales@meadfluiddynamics.com. 

Mead Fluid Dynamics Inc. 

tern" (MFS-26468) , ~ A Tech Briefs, 
01. 21, o. 11 ( ovember 1997), page 
4. PP A provides high computational 

efficiency in the pectral anal i of tran­
ient events in a high-frequency AE ig­

nal. In turn, thi computational efficien­
cy enable the prototype bearing-diag­
nostic tern to operate with a minimal 
proce ing gap (time delay), 0 that it 
can generate diagno tic indication in 
nearly real time. When pul e from 
ource other than a defective bearing 

corrupt the bearing-generated tran ient 
pulse , PPSA can provide a detection­
and-di crimination capability uperior 
to that of envelope analy is. 

The prototype bearing-diagnostic ys­
tern is programmed with an additional 

po He t vibration- ignal-anal i oft­
ware package called "P IG AL.' This 
oftware i effective and eas to u e for 

general application in anal i of vibra­
tion , monitoring the "health" of 
machinery, and diagno i of faults. PC-

IG AL al 0 include a number of ub­
program de igned e pecially for pro­
ce ing high-frequency AE ignals. 

This work was done by jen-Yi long of AI 
ignal Research, Inc., for Marshall Space 

Flight Center. For further information, 
please contact the company at www.aisignal. 
com or (256) 551-0008. 

Inquiries concerning rights for the commer­
cial use oj this invention should be addressed 
to the Patent Counse~ Marshall Space Flight 
Center; (256) 544-0021. Refer to MFS-31468. 

Efficient Periodic Driving 
of Piezoelectric Benders 
Oscillator driving circuits recover energy during 
discharges of bender capacitances. 

Lyndon B_ Johnson Space Center; Houston, Texas 

Modified Hartley oscillator circuits 
are being developed for use in driving 
large piezoelectric bender in periodic 
motion, as in some piezoelectrically dri­
ven pump. These circuits decrease the 
time-averaged con umption of power 
and thus increase energy efficiency by 
recycling large fractions of the energy 
stored in the capacitances of the piezo­
electric bender. 

The amount of energy involved is sig­
nificant because the capacitance of 
some piezoelectric benders can be large. 
For example, the capacitance of a system 
of multilayer piezoelectric benders in 
one pump has been e timated to be 
about 160 J-lF. If all of the energy tored 
in such a large capacitance during the 
charge phase of the operating cycle is 
simply dissipated during the di charge 
phase, then the time-averaged power 
consumed i corre pondingly large_ 

An oscillator circuit of the type under­
going development (ee figure) can 
reduce the los of energy during the di -
charge phase of the operating cycle 

the electromagnetic energy handled by 
this circuit alternates betw'een storage in 
the capacitance and torage in the 
inductance. The overall efficiency can 
be increa ed if the freq uency of mechan­
ical resonance of the pump is matched 
to the frequency of oscillation. 

This work was done by Frank E. Sager and 
William G. Robertson of Oceaneering Space 
Systems for J ohnson Space Center. For fur­
ther infonnation, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Systems category. 

Title to this invention has been waived 
under the provisions of the National Aero­
nautics and Space Act (42 U.S.G. 2457(j)}, 
to Oceaneering Space ystems. Inquiries con­
cerning licenses for its commercial develop­
ment should be addressed to 

Oceaneering Space Systems 
16665 Space Center Blvd. 
Houston, TX 77058-2268 
ReJer to MSC-22556, volume and number 

of this ASA Tech Briefs issue, and the 
page number. 

when driving a piezoe\ec- r------------------------, 

tric bender. This is 
because the bender 
capacitance is the capaci­
tive part of the capaci­
tive/ inductive re onant 
circuit that govern the 
frequency of oscillation, 
and by virtue of the fun­
damental nature of the 
o cillator circuit, much of 

www.nasalech.com 

lowVoIIage 
de Supply Plezoolecttlc 

Bender 

This Circuit for Periodically Driving a Piezoelectric Bender is a ver­
sion of the classical Hartley oscillator. 
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Non-Inertial Calibration of Vibratory 
Gyroscopes 
Coriolis forces would be simulated by electrostatic forces. 

NASA s jet Propulsion Laboratory, Pasadena, California 

A proposed method of calibration of 
micromachined vibratory gyroscopes 
would make it unnecessary to te t the 
gyroscopes at known rates of rotation. 
Al present, calibration entails inertial 
te ts in which the gyroscopes are 
exposed to tumble and rotation maneu­
vers on multiaxis precise rotation tables, 
which are expensive. By eliminating the 
need for the rotation tables, the pro­
posed method could reduce the cost of 
calibration. Moreover, inasmuch as the 
number of gyroscopes that a rotation 
table can hold is limited, the elimina­
tion of the rotation tables method 
would make it possible to test more 
gyroscopes simultaneously. 

The proposed method is based on the 
unique principle of operation of a 
micromachined vibratory microscope. 
This principle involves electrostatic exci­
tation, capacitive sensing, and feedback 
control of vibrations of a microscopic 
body designed so that its vibrational 
modes are affected by the Coriolis force. 
One of the feedback control signals is a 
negative feedback signal for generating 
an electrostatic actuation force that 
compensates for the Coriolis force. In 
the proposed method, one would super­
impo e a imulated Coriolis-force signal 
on the electrostatic actuation signal. 

Because signals representing the real 
and simulated Coriolis forces would be at 
the same frequency and phase, the gyr<:r 
scope circui try would respond to the sim­
ulated Coriolis force in the same way in 
which it would respond to the real 
Coriolis force. Hence, rotational testing 
would not be necessary because one 
could simply inject the simulated Coriolis­
force ignal into the feedback control 
loop to make the vibrations and the ass0-

ciated electronic ignals behave as though 
the gyroscope were undergoing rotation. 

The figure i a block diagram of an 
electronic tern for implementing the 

method. The drive-motion excitation cir­
cuit would measure the drive motion 
(one of twO vibratory motions involved in 
the basic principle of operation) and 
would provide an excitation force to sus­
tain this motion. The sen ing-motion 
closed loop would provide electrical 
damping of the sensing motion (the 
other vibratory motion involved in the 
basic principle of operation). The feed­
back control signal, t~, would produce 
an electrostatic actuation force equal to 
the real Coriolis force plus the simulated 
(rotation-simulating) Coriolis force. The 
demodulation circuit would demodulate 
a sensing-motion force-rebalancing sig­
nal with the drive-motion signal to gen­
erate a signal proportional to the rate of 
rotation. During the simulation of rota­
tion, the sensing-motion closed loop and 
the demodulation circuit would respond 
as though to a real rotation signal. 

Of course, the value of this method of 
calibration would depend on the accura­
cy with which the simulated Coriolis­
force signals could be made to duplicate 
the effects of the real Coriolis force. It 
would be necessary to perform conven­
tional inertial calibration to verify the 
proposed method. 

This work was done by R.vrnan Guti.emz 
and Tony K Tang oj Ca.Uech Jar NASA's Jet 
Propulsion Laboratory. Far further injar­
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Electronic Components and Systems 
categrJry. 

In accardance with Public Law 96-517, 
the contractar has eke ted to retain title to this 
invention. Inquiries concerning rights Jar its 
commercial use should be addressed to 
Technology Reporting Office, ]PL, Mail Stop 
122-116, 4800 Oak Grove Drive, Pasadena, 
CA 91109; (818) 354-2240. 

ReJer to NP0-20659, volume and numher 
oj this ASA Tech Briefs issue, and the 
page 11umber. 
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1-
o! Rotation) Motion 

.1 Sanslng-Motion I 
Sou,ceo! 
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I Closed Loop I I SimulabOg 
Signal 

The Effect of Rotation would be simulated electronically by injecting a signal that would generate an 
electrostatic force to mimic the Coriolis force. 
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BER 
w. M. BERG, INC. 

PRECISION MECHANICAL COMPONENTS 

• ANUFACT RER of 
quality precision linear motion control 
and power transmission components. 

• DISTRIBUTOR for over 30 
years Berg has been supplying 
customers worldwide. 

• C STOMIZED assembly 
and manufacturing of parts to design 
specifications. 

• SUP RT free technical and 
design assistance through our 
Engineering Staff. 

• CONVENIENT visit our 
website to view our catalog, request 
quotes, fax or e-mail our engineers or 
customer support staff. 

Order your free 
Master 82000 catalog today! 

W.M. BERG, Inc. 
PRECISION MECHANICAL COMPONENTS 

Phone: 1-800·232-BERG Fax; 1-BO0-455·BERG 
or visit our website at: wmberg.com 

499 Ocean Ave .• E. Rockaway, NY 11518 

An Invensys company 
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NEW PRODUCTS 

Precision Rail Guides 
KF Motion Technologies, 

Bethlehem, PA, introduces 
new precision rail guides 
fearuring an integrated anti­
creep system. The company 
says SKF A~quipped rail 
guides reduce cage creep 

and provide accurate positioning, high-precision 
and high-speed capahilities. The gttides consi t of 
two precision rails and a cross-roller cage incorpo­
rating a small idler wheel. These rail guides are 
dimensionally interchangeable with existing cross­
roller systems. Varying raillenglhs and roller diame­
ters are available. 

For More Information Circle No, 765 
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Linear Actuators 
with Linear Slide 
Amacoil/ Uhing, Aston, 
PA, announces that its RS 
linear actuator is avail-". 
able with an optional lin­

ear slide attachment for heavier, overhung, or off­
center loads. The linear slide is useful for a range of 
positioning, indexing, materials handling, and other 
linear motion applications that have a heavy or off­
center payload and require precise linear motion. 
The attachment facilitates the handling of off<enter 
loads without creating rotational binding, stretching, 
or bendin.g of the shaft. The linear slide counters 
radial forces and moments of force which may occur 
during heavy applications. 

For More Information Circle No. 768 

Clutch Triples 
Torque Ratings 
Electroid, Springfield, 
NJ, has introduced 
Model XT-39C, a power­
off clutch , in its XT 
series of clutches and 

brakes. This model is about one-third the size of a 
standard conventional clutch or brake. The XT 
series has demonstrated coefficien ts of function 
between 0.75 and 0.95. This provides an economical 
and space-saving solution for aerospace and military 
applications, robotics, computer-chip and clean­
room handling equipment, automation machinery, 
medical applications, material handling equipment, 
and food handling machinery, among other things. 

For More Information Circle No. 771 

On-Machine 
Probe System 
Renishaw Inc., 
Schaumburg, lL, sa)" 
it brings CMM levels 
of probing perfor­
mance and 100fold 
probe life to indus­

try's largest machine tools with a new MP700E higb­
power optical system. The new system, according to 

Renishaw, allows operators of very large 5-axis 
machine tools to verify critical features in process, 
achieve tighter tolerances for more precise fits, and 
even perform final inspection while the pan is still 
on the machine tool. The system, which uses a high­
power infrared transmitter, is designed for applica­
tions requiring translnission up to 12 melers. 

For More Information Circle No. 774 

8b 

Steel Converter 
Controls 
Arens Control Company 
LLC, Evanston, lL, offers 
converter control product 
lines fearuring steel con­
struction. These convener 

controls can be used for controlling dampers, vents, 
valves and switches in applications ranging from auto­
motive heater and A/ C controls to throttle controls 
for outdoor power equipment. These controls are 
available in a wide array of mounting designs and 
operating models, with both left- and right-hand 
units available. Units with clockwise and counter­
clockwise rotations may be ordered, and the design 
requires only enough front-of-panel clearance to pro­
vide for the knob. 

For More Information Circle No. 766 

Flexure 
Coupling 
Helical Products 
Company Inc., San­
ta Maria, CA, intro­
duces the HELI­
CAL® Flexure cou­

pling tl,at reduces parallel misalignment. Through 
lateral displacement, this coupling transforms an 
application 's parallel misalignment problems into 
angular displacement within the coupling. The cen­
ter coils of the Helical coupling become an intenne­
diate shaft that can allow 10, 20, or 30 thousandths of 
an inch of parallel offset or more. 

For More Information Circle No. 769 

New Stepping 
Motor Cube 
Whedco, Ann Arbor, 
MI , introduces the 
new stepping motor 
cube, which integrates 

a NEMA-23 stepping motor, drive, control, and com­
munications capabilities into a single compact unit. 
ThIs offers versatility, space savings, and improved 
productivity to machine builders and end users, 
Whedco says. The product's integral motor, drive, 
and networking power simplifies the automation of 
high-axis<ount applications. It fits easily into systems 
where panel space is limited and can be used with up 
to 63 other industrial devices on a single network. 

For More Information Circle No. 772 

New Plastic 
Nut with 
ActiveCAM 

and 
Actuators lnc., San 
Jose, CA, has intro­
duced an exten­
ion of its XC 

Series, the XCF-ISOO. This flange-mount plastic nut 
is designed for use with 3/ 16-inch and 1/ 4-inch lead­
screws. A thread mount version is also availahle. The 
product features patented ActiveCAM technology to 
achieve zero backlash and consistent and minimal 
drag torque. It can be run without lubrication. 

for More Information Circle No. 775 

www.nasatech.com 

In-line Cryogenic Valves 
Valcor Scientific, Springfield, NJ, 
has developed a three-pan " hear" 
or "Ooating" design to allow for 
high flow in its cryogenic valve 
series. Thl design offers a high­
Oow, high-pressure performance 
in a compact design with three 

parts: a plunger, a TeOon® eal disc, and a valve seat. 
These are positioned to handle higher flo"" of water 
or any noncorrosive Ouid, light particulate liquid or 
gas, and compatible semicorrosive fluids. The "Shear 
Seal" provides a flow path that is directly in line with 
the tubing or connection to either side of the valve. 
The straight-through, line-of-sight Oow minimize 
pressure 10 through the valve. 

For More Information Cln:le No. 767 

Low-EMI GBIC 
Guide Rails 
The dataMate bu iness 
unit of Methode Elec­
tronics Inc., Chicago, 
IL, announces a new 

line of guide rails for gigabit interface converters 
(GBIC). The e rails are made of plated plastic and 
deliver electromagnetic shielding without the prob­
lems associated with metal rails. The rails can be 
loaded onto circuit boards and soldered along with 
the rest of the components on the boards. The GBIC 
rails are also much lighter in weight than metal rails, 
in addition to being less costly, according to the com­
pany. They are available from stock. 

For More Information Circle No. 770 

Planetary 
Gearbox 
GAM, Chicago, lL, 
says its new NEMA 
Series plan etary 
gearbox will pro­
vide a low-cost pre­
cision gearing so­

lution. The series' ring gear is cut directly into the 
housing rather than press-fit into it The input 
design allows for themlal expansion of the servo 
shaft In addition, it is designed with high-carbon 
steel gears that are heat-treated. The NEMA Series is 
suitable for general-purpose motion control to 
increase machine throughput, GAM says. 

For More Information Circle No. 773 

Guided Cylinder 
Is Improved 
Bishop-Wisecarver 
Corp., Pittsburg, CA, 

introduces the HPS 
Powerslide-2, which 
utilizes a new and 

improved range of Hoerbiger-Oroga cylinders \\ith an 
extensive use of plastics and a redesign of the alu­
minum barrel extrusion. BishoJrWl5ecarver says this 
results in a stronger, lighter unit available in any length 
up to six meters as standard. lmproved loacl-catrying 
capacity has been achieved, the company says, and the 
double row bearings also offer an improvement in sys­
tem rigidity and performance in dirty conditions. A 
corrosion .... esistant version is available. 

For More Information Circle No. 776 
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-$ Special Coverage: SimulationNirtual Reality 

Building the Perfect Human 
A NASA project integrates physical and virtual reality to help plan future space missions 
from the perspective of the most complex object ever launched - the human body. And 

the potential uses of this technology reach far beyond the limits of space. 

Creating a realistic simulation of the 
human body represents a set of chal­

lenges as complex as the body it por­
trays. But scientists at NASA's Johnson 
Space Center (JSC) in Houston, TX, are 
doing just that - integrating computer 
software and virtual reality (VR) tech­
nologies to simulate an actual human. 
The project, known as the Somatic Sci­
ences Simulation (S3) Project, is based 
on Virtual Interactive Anatomy (VIA) 
technology. VIA originates from the Vis­
ible Human Project commissioned by 
the National Library of Medicine. That 
endeavor produced a database repre­
senting digital imagery of the structure 
of male and female human bodies cut 
into precise sections. 

VIA technology includes proprietary 
software and creative peripheral devices 
that produce a model with structural 
and functional attributes, an interactive 
design to customize anatomic and physi­
ologic features, and the interactivity is 
multisensory. The virtual human and its 
environment appear photo-realistic, and 
one can move and touch the virtual 
human, thanks to a haptic computer in­
terface device. Using the device, one can 
distinguish body parts by pushing on 
that part - and can even feel the pulse 
of the virtual human. 

The shape change of a contracting 
muscle and the stretching of a ligament 
during vigorous activity are examples of 
human body characteristics that can be 
measured, mathematically described, 
and graphically modeled and displayed 
in VIA software routines. Simulations of 
internal events also are possible, such as 
the inflation and deflation of lungs dur­
ing breathing. Virtual blood is of normal 
viscosity, and the virtual lungs contain 
air with a normal percentage of carbon 
dioxide. 

Ultimately, the S3 Project will result 
in a virtual human with neuromuscular 
skeletal systems, organs, and tissues - a 
highly reali tic human body simulation 
that can be adjusted to any environ-

26 

ment. The S3 Project enhances and ex- Safety in Space 
pands ASA's use of virtual reality to In the next several years, more ex-
expedite a human-centered approach travehicular activity (EVA) will be re-
to future mission planning, training, quired of astronauts than ever before. 
and operations. The Project creates an Therefore, there is a need to create an 
alternative means to improve astronaut advanced spacesuit and related support 
efficiency, mobility, comfort, and safety. systems. The S3 Project uses computer 

The project began in 1996 with an un- software and data-capture/ visualization 
expected meeting at JSC's Inspection96 technologies to provide modeling of vir-
event between Robert Rice, a biomedical tual equipment and environments, as 
educator and researchel~ and Anthony well as integration with the customized 
Bruins, a NASA systems engineer. At the parameters of a virtual human. The re-
time, Rice was a Dean __ --... __ sult is a simulation tool 

that can be used to eval­
uate and train for an 
array of mission-specific 
goals, conditions, and 
variables. Said Bruins, 
one will be able to "go 
through failures on the 
computer," saving time 
and money. 

at the Texas Chiroprac­
tic College and went to 
the event on what he 
calls a "shopping mis­
sion" to see how virtual 
reality simulations of 
the human body were 
being used by NASA. 
Rice did not find what 
he was looking for, and 
eventually brought the 
idea of a vil-tual human 
to ASA. He and Bru­
ins began discussing 
the idea with "anybody 
and everybody" at JSC. 
They were greeted with 
enthusiasm, and in early 
1997, Rice founded the 
Institute of Somatic Sci­
ences to create an offi­
cial channel through 
which he could com­
municate with NASA. 
At the next Inspection 
event, Rice exhibited a 
virtual shoulder, which 
prompted Bruins to in­

This virtual reality model of the 
glove currently used by NASA as­
tronauts is combined with the S3 
virtual hand and wrist to provide 
mobility. comfort and task analyses 
based on individual hands. 

For NASA, the S3 "hu­
man" will enable devel­
opment of a new gener­
ation of spacesuits that 
will be much more effi­
cient for astronauts 
building and maintain­
ing the International 
Space Station and fu­
ture advanced explo­
ration systems. Current 
spacesuits have limita­
tions that lead to early 
fatigue and pain. The 
current suits were de­
signed around opti­
mum engineering per­
formance rather than 
around the human body. 

ve tigate how virtual design could sup­
port tl1e design of new spacesuits. The 
technology has been developed as a re­
sult of a team effort at the Virtual Envi­
ronment Research Institute, where Bru­
ins worked with director Dr. Bowen 
Loftin, administrator Patricia Hyde, and 
computer scientist Hector Manuel Gar­
cia Pena. 

www.nasatech.com 

Bruins hopes to reverse the process, and 
"build from the human out," creating a 
custom suit around the natural move­
ments of the human. In addition, a suit 
designed with this advanced simulation 
tool will be less costly and will take less 
time to design, as it can be fully tested 
on a desktop computer before cutting 
any hardware. Current spacesuits take 
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len years to design, test, and 
certify, and cost millions of dol­
lars. Bruins plans to cut both 
time and cost in half. 

they not only can see, but also 
feel. The interactive 3D 
human also will be able to sim­
ulate disease and trauma. 

Bruins also hopes to track 
and evaluate respiratory, heart, 
and other body functions 
through the new spacesuits. He 
will then be able to ee when, 
for example, a muscle would 
fatigue in various gravitational 
fie lds. Ultimately, one will be 
able to scan humans, turn 
them into 3D virtual humans, 
place them into a 3D virtual 
spacesuit scanned from an ex­
isting suit, and move that vir­
tual human to see where the 
suit is insufficient and uncom­
fortable. From that informa­
tion, they will be able to design 

Current vehicle crash simulations use avatilrs that realistlcaffy obey the 
laws of physics, but lack human physiologic features and pre-crash re­
actions that 53 models can Incorporate. 

In addition to medical edu­
cation, it will be u eful in de­
veloping therapeutic plans for 
patients i.n need of physical re­
habilitation, and for medical 
re earch in which virtual simu­
latiorn may replace the use of 
experimental animals. S3 Proj­
ect technology will even be use­
ful in general education and 
entertainment - the virtual 
reality experience can provide 
creative and informative explo­
ratiorn of the inner workings 
of the human body in immer­
sive settings, IMAX films, mu-

a better suit - a virtual space uit (V­
Suit) based 011 virtual and rapid proto­
typing. Today, Bruins and Rice already 
have completed the upper and lower ex­
tremi ties and the back, and are at work 
on the thorax, abdomen, and pelvis. 

Limitless Potential 
Uses of S3 Project technology are not 

limited to space travel. Rice said he soon 
will have models for all pans of the body 
except the head and neck, for which his 
group i awaiting funding, and de-
cribed the available technology as an 

"interactive model for NASA applica­
tions and commercialization." The simu­
lated human can conform to any shape 
or ize, strength or limitation, and at­
tribute of health or disease. This highly 
reali tic and customizable VR human 
model can be used wherever there are 
human-in-the-Ioop i ue of human fac­
tors engineering; that is, wherever a 
human i in an environment 

D 'nover e Corp., of Houston (\\ww. 
dynoverse.com), the commercial coun­
terpart of the Institute of omatic ci­
ence , is activel' eeking licernees and 
joint developers in e\'eral application 
areas. In the automotive industry, there 
i potential for an intelligent era h 
dummy. Within a \irtual reality environ­
ment, not only \\;\1 it be able to experi­
ence an accident, but it will even have 
anticipatory reactiorn to it 3 technol­
ogy will be u efuJ in defen e and aero­
space, not only for the next-generation 
pacesuit, but also for pilot pressure 

suits, crash simulations, and tactical 
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training scenarios that require accurate 
buman modeling. 

Dynoverse plans a library of virtual en­
vironments to assist presentation by at­
torneys of complex functions, structural, 
and traumatic changes to the body re­
sulting from circumstances in civil and 
criminal litigation. In the medical arena, 
virtual patients, injuries, disease-states, 
and cadavers are possibilities to aid in 
education. Instead of dissecting cada\'­
ers, medical students will be able to per­
form surgery on virtual humans whom 

seum exhibits, and diverse en­
tertainment formats. The virtual human 
can be fully integrated into virtual envi­
ronments and can actively interface with 
virtual products. 

The possibilities for use are numer­
ous, according to Rice. Wherever a per­
son is interacting in an environment, he 
ees an application for thi technology. 

For Tlwre in/ormation, contact Anthony 
Bruins at: 281-483-7071; e-mail: anthony. 
c.bruins1@jsc.nasa.gov; or Dr. Robert Rice 
at: 281-364-6028; UIUIUJ.somalicsciences.org. 

What's on 
the Drawing Board 

Few Americans are aware that when Congress created NASA, it 
the space agency share its developing technology with American 
try. and academia. The Inspection event. where Robert Rice and AJ'Ilthanti 
met and planned their collaboration on t he Somatic Sciences Simulation 
is an event geared to do just t hat. 

This year. the fifth Inspection event, Inspection2000, will be held November 1-3 
at NASA's Johnson Space Center in Houston. where NASA will once again share de­
II*Ioping technologies, (including the S3 Project), expertise, and state-of-the-art 

with American professionals. Though the Johnson Space Center is NASA's 
DilEanrer for human space flight. today their t echnologies have commercial ap­

Ul many American industries, from biotechnology and medicine, to com­
and manufacturing. 

.~lO(JtO is an opportunity for professionals in industry, government, and 
Jnspect NASA-developed technologies and processes. learn about 
~"ogiiesayailable for licensing. find out how to partne>r with NASA, 

with JSC experts, and observe JSC's unique facilit ies up 
1JlII.."latiion or to register, visit: http://inspection.jsc.nasa.gov. 
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• Adaptive Camouflage 
Sensor-and-display systems would create illusions of transparency. 

'ASA s Jet Propulsion Laboratory, Pasadena, California 
Lightweight optoelectronic systems 

built around advanced image ensors and 
display panels have been propo ed for 
making elected objects appear nearly 
transparent and thus effectively invi ible. 
The e sy terns are denoted "adaptive 
camouflage" because unlike traditional 
camouflage, they would generate displays 
that would change in response to chang­
ing scene and lighting condition. 

The basic overall function of an adap­
tive camouflage system would be to pro­
ject, on the near ide of an object, the 
scene from the far side of the object Al­
though adaptive camouflage was con­
ceived for use in battlefield settings (see 
figure), there are also potential com­
mercial uses - for example, as an elec­
tronic "window" that would display a 
nearby outdoor scene in an office that 
lacks a real window, or as a home secu­
rity system in place of a door peephole. 

UNCLOAKED 

A typical adaptive camouflage y tern 
would likely include a network of flexi­
ble electronic flat-panel display units ar­
rayed in the form of a blanket that 
would cover all observable urface of an 
object that one seeks to cloak. Each dis­
play panel would contain an active-pixel 
sensor (APS) [or possibly another ad­
vanced image sensor] that would look 
outward from the panel through an 
aperrure that would occupy only a small 
fraction of the area of the panel. The 
blanket would also contain a wiring har­
ness that would include a cross-con­
nected fiber-optic network, through 
which the image from each APS would 
be transferred to a complementary dis­
play panel on the opposite side of the 
cloaked object 

The positions and orientations of all 
the image sensors would be slaved to the 
position and orientation of one image 

CLOAKED 

sensor that would be de ignated a mas­
ter imager. The orientations would be 
determined by a levelling instrument 
sensed by the master imager. A central 
controller connected to an external 
light meter would automatically adju t 
the brightness levels of all the display 
panel to make them conform to the to 

ambient lighting conditions. The under­
side of the cloaked object would be illu­
minated artificially so that the display 
from the top of the cloaked object would 
how the ground as though in ambient 

light; if this were not done, then an ob­
vious shadow-induced discontinuity 
would be seen by an observer looking 
down from above. 

The display panels could be sized 
and configured so that a common in­
ventory of such panels could be used to 
cloak a variety of objects, without need 
to modify the objects. Sizes and weights 

of representative adap­
tive camouflage systems 
and subsystems have been 
estimated: The volume of 
a typical image sensor 
would be Ie than about 1 
in. ' (",16 cm'). A system to 
completely cloak an ob­
ject 10 m long by 3 m high 
by 5 m wide would weigh 
less than about 100 Ib 
(",45 kg). If the object to 
be cloaked were a vehicle, 
then the adaptive camou­
flage system could readily 
be operated on power 
provided by the vehicle 
electrical sy tern, without 
adversely affecting the op­
eration of the vehicle. 

This work was done by 
Philip Maynihan oj CalJech 
and Maurice Langevin oj 
Tracer Round Associal£s, Ltd., 
Jor NASA's Jet Propulsion 
Laboratory. For further inJor­
malUm, access the Technical 
Support PacJuzge (TSP) free 
orlrline at www.nasatech.rom 
uruJer the Electronic Compo-

The Scene From Behind an Object would be displayed on panels on the front of the object. The effect of cloaking is il­
lustrated in this simulated image of an armored vehicle with adaptive camouflage on one side only. 

nents and SyslJmls categary. 
NPO-20706 
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Surely people buying super computers can figure this out. 

LINUX SOlUTIONS 

LEROING LlIUI '" 



Integrate 
Anab'sis 
Acquisitio 

National Instruments 
LabVIEW" is all you need 
for acquisition, signal 
processing, analysis, 
and data presentation. 

LabVIEW offers these 
analysis capabilities: 
• 2D and 3D visualization 

tools for data 

• Measurement analysis 

• Frequency-<:!omain and 
time-<:!omain analysis 

• Digital filtering 

• Statistics 

• Signal generation 

• Curve fitting 

• Custom analysis 

• Signal processing 

• Sound and vibration 
analysis 

• And more 

LabVIEW also offers high­
level drivers for acquisition 
and instrument control. 

Visit nl.com/lnfo/ana/ysls 

~NATIONAL 
~ INSTRUMENTS' 

Tel : (512) 794-0100 • info@ni.com 

.QqIIWII:IXIO,..",.~~.,.._ .......... ~ ______ • __ fl ____ _ 

For More Information Circle No. 411 

OMoving Chair for Virtual Reality 
The chair provides a combination of synthetic motion and 
support in a minimally stressful posture. 

Lyndon B. Johnson pace Center. Houston, Te as 

An apparatu called a "per onal mo­
tion platform" (PMP) i undergoing de­
velopment for u e in adding the ensa­
tion of motion to computer-controlled 
imulated environments of the type now 

popularly known as virtual reality. The 
PMP was conceived originally for train­
ing an astronaut to interact with ur­
rounding objects in a imulated zero­
gravitation environment; it also has 
obviou potential for u e in a variety of 
applications in biomedical re earch, ed­
ucation, and entertainment 

The PMP (see figure) include a chair 
that supports the occupant in a modi­
fied version of the neutral body posture 
of zero gravitation. The chair i sup­
ported by a three-degree-of-freedom ys­
tern of linear electric-motor actuators. A 
computer commands the actuator to 
produce the desired yntbetic motions, 
which are remini cent of computer-con­
trolled motions of aircraft cockpit flight 
imulators. The PMP is also equipped 

with hand-operated controls. 

The motion command for actuator 
are computed part! from a combina­
tion of (1) a math matical model of the 
synth tic environment, (2) the kinemat­
ic of the chair, and (3) po ition feed­
back. In addition , to enhance the inter­
action between the u er and the 
ynthetic environm nt, motion com­

mand can be derived from imulated 
colli ion \vith objects and from the 
hand-operated control. As in the case of 
flight simulators, the computed motion 
are adaptively filtered to retain as much 
as possible of acceleration frequency 
components needed for realistic sensa­
tions of motion while limiting overall ex­
cur ions to avoid hard stop at the limits 
of the actuators. 

This work was done by Brian Park of Flo­
giston Corp. for Johnson Space Center. 
For further information, access the Technical 
Support Package (T P) free on-line at 
www.nasatech.CQffl under the Machinery/ 
Automation category. 
MSC-22623 

The Reclining Chair Pitches. Rolls, and Heaves as it holds the occupant in a minimal-stress posture in­
termediate between the neutral body posture of zero gravitation and a normal posture of relaxation 
on a flat. level surface. Linear electric motors at the base of the chair drive the motion. 
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icroway Delivers Custom 
Worksta ·ons and Beowulf C usters 

for ligh Performance Technical Computing! 
Which Solution is Rightfor You? 
• 750 MHz Dual Alpha UP2000 or 21264Dp 

• 800 MHz Pentium m or Quad Xeon 

• 850 MHz AMD AtWon 

• Beowulf Cluster 
Distributed Memory Parallel Processing 

• Myrinet Gigabit Ethernet 
Microway Saeamer™ 
Dual Alpha UP2000 

750 MHz, 8MB Cache in RuggedRo(k ™ 
Chassis with Redundant Power Supply 

IDgh Speed, Low Latency Backplanes 

• RAID 

Microway 18 Node 
36 PrO<e5Sor, Dual Pentium III 

Beowulf duster with Myrinet and MPI 

Satisfied customers have purchased Microway work­
stations since 1986. Our cost effective Linux solutions have 
been chosen by universities, government research labs and ISPs worldwide since 1996. 
Over the years Microway brand systems have become famous for their quality and 
price/performance. Simultaneously, our Technical Support staff earned a reputation as one 
of the best in the industry. This means you can count on our experience to configure a 
UNIX or NT workstation or Linux Beowulf cluster solution that is ideally suited to your 
specific problem. This is why Microway was chosen by Los Alamos National Laboratory to 
maintain the hardware on their 144-node Alpha Avalon cluster. It is also -
why the University of Wisconsin chose Microway to build their 1 DO-node 
dual Pentium III cluster. In addition to being an Intel Product Developer 
and AMD Athlon OEM, Microway was named Alpha Processor, Inc.'s Top North American 
Channel Partner for 1 999. 

'To find a successful supplier of Linux solutions there are three things that you should 
know: One, the supplier must be proficient in Linux, a master of understanding 
Linux's superiorities; Two, the supplier must have a clear passion for hardware tech­
nology; Three, if you found a supplier that knows both Linux and understands hard­
ware solutions, congratulations you have found Microway! When it comes to Linux 
and high performance, there's only one way, and that's Microway!" 

- Bruce Faust, founder of DigitalScape and Carrera Computers 

Microway custom configures Linux, NT and U IX workstations, clusters and servers plus state 
of the art RAID systems. If you need a quality product that is built to last, from a company that 
will be around to support you for years to come, Microway is The Number One Choice. 

Find out why over 75% of Microway's sales come from 
repeat customers. Please call 508-746-7341 for a technical 

salesperson who speaks your language! 

Visit us at microway.com 

® 

Technology You Can Count On Research Park Box 79, Kingslon, MA 02364 
OIbI46J34' • ·IlCZllmiao: mUlllD For Mar Infonnation.Cir~1i6a 



tJ Program for Viewing Remotely Generated Summary Data 
liSA s Jet Propulsion Laboratory, Pasadena, California 

The Beacon 1 ualization (BeaVi) 
computer program provide a ground­
based computing environment for dis­
playing, tracking, to ring, and maneu-
ering through telemetric data streams 

that contain summaries of engineering 
data generated aboard a pacecraft. 
Bea IS can also erve as a general-pur­
pose software tool for monitoring data 
of other pecific types. In the original 
spacecraft-to-ground application, BeaVis 
enable the user to scroll through a 
graphical depiction of telemetry down­
links to select de ired data. Summary 
data are represented graphically, with 

hypertext links to strip charts of ensor 
channels repre ented b ummary data 
packets. Bea IS also generates time-line 
and tabular di play . A time line depicts 
when, during a spacecraft mis ion, um­
mary downlinks and beacon tone detec­
tion have occurred. The tabular and 
strip-chart display are available through 
hypertext links from the time-line dis­
play. BeaVis al 0 provide graphical u er 
interface elements that show such pe­
cific summary data components as 
changes in mission activities, snapshot 
telemetry, episode data, and user um­
mary data. The program al 0 includes a 

tJ Numerical Speed of Sound 
This concept is applicable to flows at all speeds. 
John H. Glenn Research Center, Cleveland, Ohio 

The numerical peed of sound is a 
variable that is used in the numerical so­
lution of flows from low to high speeds. 
The numerical speed of sound is an ef­
fective speed of sound associated with 
Mach numbers used in the numerical 
splitting of a flow into upwind and down­
wind mass-flux components that are de­
fined on the faces of cells of a computa­
tional grid into which a flow volume is 
divided. Depending on the details of a 
given flow problem and the algorithm 
chosen to solve it, the numerical speed 
of sound mayor may not equal the phys­
ical speed of ound. 

The numerical speed of sound has 
been found to be very useful in con­
structing upwind numerical-solution 
schemes to satisfy certain criteria. [As 

used in this special context, "upwind" 
(as distinguished from "central" or 
"downwind") refers to a manner of ap­
proximating spatial derivatives of flow 
quantities by taking differences between 
discretized flow quantities at locations 
biased toward the upwind ide with re­
spect the location of immediate inter­
est.] An especially notable criterion is 
the capability for exact capturing of con­
tact and shock discontinuities in one-di­
mensional flows. The concept of the nu­
merical speed of sound can also be 
extended to apply to the computation of 
low-speed (in effect, incompressible) 
flows. In such an application, a caling 
factor that varies with speed is intro­
duced. As a result, the numerical dissi­
pation decreases with the flow speed 

software tool for creating table of para­
meters that are uploaded to a spacecraft. 

This wark was done by E. J MYatt, Robert 
Sherwood, and Tim Fogarty of Caltech for 
NASA's Jet Propulsion Laboratory. For 
furthe1' information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.cmn under the Infrmnation 
Sciences category. 

This softwan! is available for commercial 
licensing. Please contact Don Hmt of the Cal­
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-20665. 

and, as a further consequence, the rate 
of convergence of iterative computa­
tions toward the solution is increased. 
The accuracy of the solution is also in­
creased. 

In a study, the numerical speed of 
sound was incorporated into some nu­
merical-solution schemes based on a 
method called advection-upstream-split­
ting method (AUSM). It can also be in­
corporated in other upwind schemes, in­
cluding one known as Roe flux splitting, 
wherein an averaged speed of ound, 
among several other averaged variables, 
is automatically required. Other numer­
ical-solution scheme can also be made 
to capture hocks exactly. 

This work was done by Meng-Sing Liou of 
Glenn Research Center arui Jack R Ed­

wards of North Carolina 
State University. For further 
information, access the 
Technical Support Package 
(TSP) free on-line at 
www.nasatech.com under 
the Information Sciences 
category. 

Inquiries concerning 
rights for the commercial 
use of this invention 
should be addressed to 

Pressure Contours on a Wing were computed by using a scheme called H AUSM+, H augmented with the numerical speed 
of sound, to solve the Navier-Stokes equations numerically. The wing is of the M6 type of the Office National d'Etudes et 
de Recherches Aerospatiales (ONERA). The flow conditions for this computation were a free-stream speed of mach 0.84, a 
Reynolds number of 18.2xl0', and an angle of attack of 3°. The computed pressure contours are in good agreement with 
available experimental data, especially in capturing two shocks that manifest themselves in the A-shaped pattern of closely 
spaced curves. 

:ASA Glenn Research 
Center; Commercial Tech­
nology Office, AUn: Steve 
Fedor, Mail Stop 4-8, 
21000 Brookpark Road, 
Cleveland, Ohio 44135. 
Refer to LEW17011. 
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$- Special Coverage: Simulation/Virtual Reality 

mAbie Tedmologie , Cambridge, 
MA. offers the PHANTOMTM 
DeskLOp force feedback system with 
3-D Touch ™ that connects to a com­
puter via an extended parallel POlt. 
The fOI-ce feedback system senses 
motion in ix degrees of freedom, 
providing a realistic sense of 3D 
touch for design application . Users 
can feel the point of the tylus in all 
axes and track its orientation (pitch, 
roll, and yaw). 

The system' 3-D Touch technology allows u ers to directly interact 
with digital objects and data using the sense of touch. Engineers can 
navigate and evaluate complex 3D data with continuous two-way 
interaction. The PHANTOM system incorporates GHOSr® middle­
ware as the "touch" engine, allowing users to feel physical properties 
such as location, mass, friction , and stiffness. 

For More Information Circle No. 131 

Algor, Pittsburgh, PA, 
offers actuator element 
technology enabling engi­
neers to realistically simu­
late computer-controlled 
movement with their pro­
prietary Mechanical. Event 
Simulation (MES) soft­
ware. The technology 
reduces the need for phys­

ical prototyping and automatically determines the motion, flexing, 
and resulting stresses ofa part or assembly at each in tant of an event. 

In using the actuator elements, engineers can specify contraction 
and extension values over time to drive motion between the con­
nected parts. Multiple actuator elements can be u ed in a sy tern to 
replicate asymmetric motion. Several actuators working in unison 
can simulate hydraulic and pneumatic cylinders and electric sole­
noids that function ymmetrically. 

For More Information Circle No. 133 

Real Time Integration, Kirk­
land, WA, has introduced the 

etAcquire™ Java Toolkit, with 
integrated JavaBeans suppOrt, 
for creating Java test and mea­
surement applications andJava 
virtual instrumentation from­
panels. JavaBeans are pre-engi­
neered Java components that 
can be graphically configured 

without programming. The toolkit includes JavaBeans components 
for graphing, text, and lamp displays; di k logging; scaling; real-rime 
network communication; and data distribution . 

The components allow the creation of real-time data display 
screens and instrument front-panels. The client/ erver network 
model also allows time-critical buffering and control code to run on 
the etAcquire erver hardware. Server-side dara proces ing avoids 
forcing time-critical functions to run on the client computer's Java 
interpreter. The toolkit aids in building enterprise-wide distributed 
test and measurement systems, and Internet-compatible systems. 

For More Information Circle No. 135 

The Muse Software Developmem 
Environment 2000 visualization/ 
simulation software from Muse 
Technologies, Albuquerque, NM, 
features new speech recognition 
and voice command capabilitie , 
as well as HP- X compatibility. 
De igned for the automotive, 
manufacturing, aero pace, and 
medical imaging industIies, the 

software allow users to view complex data ets, either on desktop 
computers or in immersive environments. 

The software also features multiscreen display, and collaboration 
via the Internet or local-area network. It uses Micro oft's SAPI inter­
face for speech recognition and synthe i on tile Windows NT plat­
form. The new version enables users to incorporate sound, including 
speech recognition and synthesis, while operating in visualized envi­
ronments. 

For More Information Circle No. 132 

The Power Sy tem Blockset 
2.0 from The MathWorks, 
Natick, MA, i a simulation 
add-on that allow control 
sy tem engineers and de­
signers to create and simu­
late graphical models in a 
design environment. The 
toolkit enables users to run 
multi-domain simulations 

of electrical power components in the development of elf-contained 
power system . 

The blockset utilizes variable step integrators and event location 
techniques. It enables users to efficiently model the generation, trans­
mission, and distribution of electrical power with its associated con­
trol systems. The program features a library of pre-assembled block 
models for power sy tem networks, power electronics, and control 
and measurement. 

For More Information Circle No. 134 

Research Systems, 
Boulder, CO, has 
introduced River­
Tools Service Pack, 
an extension to tile 
RiverTools digital 
terrain and river 
network visualiza­
tion and analysis 
software. The ser­

vice pack adds new file formats, and enables tile oftware to import 
data from almost any digital elevation model. Additional features 
include new display tools, and enhancements to the flow grid extrac­
tion a1goritllm tIlat enable users to process and visualize data faster. 

The RiverTool program include graphical capabilities such as 
haded relief, density plots, contOur plots, surface plots, and river net­

work maps. Forty color palettes are available for enhancing imagery. 
The software and tile service pack are available for Wmdows, 
Macinto h, and NIX workstations. 

For More Information Circle No. 130 
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Considering Engineering Simulation? 

(Sometimes, your decision is black and white.) 

Des-g 
To read the complete ARA Engineering Report, 

Mainstream CAE Tools: 
Technical Considerations and Informative Comparisons, 

visit www.ara.eng.com/special.report.htm 

ANSYS and~ ... _,orad .. the U S. Pol ... It1dT.-...... Otftce. ANSY~_ 
ANSYlWo~ Export .... __ 01 $AS IP. Inc.. a~owned..-,y 01 ANSYS. Inc. A1 __ J\N 
mall<s_regoo",rad __ .... ""'-'" oIlheIr __ .02OOOSAS 'I' 'oe A1_~ engIneering solut:lons 

For More Information Circle No. 557 



• Locally Connected Neural Networks for Pattern Recognition 
Patterns could be recognized even if rotated and/ or translated. 

NASA'sJet Propulsion Labomtory, Pasadena, California 

eural networks of a proposed type 
would be formed with computational units 
called "neuromorphs" attached in a locally 
connected array. These neural networks 
would achieve pattern recognition invariant 
under rotation and translation by exploi ting 
a combination of network symmetry and bi­
ologically inspired image-information-pro­
cessing concepts. The architecture of these 
networks can be implemented in software; it 
is also suitable for implementation in hard­
ware in the form of single-chip integrated 
circuits that would function in parallel-pro­
cessing modes and thus be capable of fast 
recognition of pattenlS. 

A typical previously developed image­
recognition system effects a process that 
includes a feature-extraction subprocess 
followed by a classification subprocess: 
First, the system extracts features relevant 
to the kinds of objects that it seeks to clas-

sUy. These features tend to fall into three 
classes: global, local, and relational. The e 
feature vectors are then put into a classi­
fier that has been trained or structured to 
differentiate the feature vectors into dif­
ferent pattern groups. 

A neural network of the proposed type 
would produce feature vectors that would 
be global, local, and relational, all at the 
same time. Consequently, for some applica­
tions, single feature vectol would be all that 
would be needed for classification; more­
over, inasmuch as features would be easily 
differentiable, adequate back-end classifier 
subsystel11S could be made less complex 
than those of previously developed pattern­
recognition systel11S. The proposed neural 
networks could be made quite compact and 
suitable [or analog array processing systel11S 
in which neuromorpllS would be incorpo­
rated directly into tl1e electronic circuitry of 

36 For More Information Circle No. 428 

image-detecting arra of photodetectors. 
Eventua\l , efforts to integrate this type of 
neural pattern-recognition circuitry with 
image-sensing circuitry hould lead to the 
development of single chips that would per­
form image-acquisition and pattern-recog­
nition functions analogous to visual prepro­
cessing in eye/ brain systel11S. 

The concept of a locally connected net­
work of neuromorphs evolved from previ­
ous research on the use of pulse-coupled 
neural networks for fast, invariant auto­
matic target recognition. More specifically, 
the propo ed network architecture is de­
rived from, but is more efficient than, the 
architecture of an experimental pattem­
recognition new-aI network based on a bio­
morphic neuron model that includes both 
the spiking behavior at the axon hillock 
and the synapto-dendritic processing of a 
biological neuron. The propo ed neural 
networks would process information in a 
manner similar to that of the pulse-cou­
pled neural networks, but could be imple­
mented more easily and could process in­
formation at higher rates. 

The results of computational simula­
tions of the architecture of the proposed 
systems indicate an ability to perform 
translation- and rotation-invariant pattern 
recognition. Analog integrated circuits for 
use as building blocks (neuromorphs) of 
locally connected neural networks of the 
proposed type were designed and te ted in 
other computational simulations, and the 
re ults of the e simulations indicate that in 
comparison with previously developed 
pattern-recognition systel11S, the propo ed 
system could achieve faster convergence, 
could operate with lower power con ump­
tion, and could be fabricated with greater 
integration density. 

This work was done by Tyson Thomas of 
Caltecl~ for NASA's J et Propulsion Labora­
tory. For further infonnation, access the 
Technical Support Package (To 'P) free on-line 
at WWUJ.nasatech.co11l under the Electronic 
Components and 'Ystem.s category. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries con­
cerning nonexclusive or exclusive license for its 
commercial deuelhpment should be addressed to 
the Patent Counse~ NASA Resident ~JPL; 
(818) 354-5179. Refer to NP0-20633. 
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• Driverlinx - 32-bit drivers for VB, C++, Delphi (Dll and ActiveX) 

• labVIEW Vis - same form and feel as labVIEW's built-in DAC Vis 

• Start-up Software Test Panel 

• VisualScope - digital storage oscilloscope application 

• Excel! X - Excel add· in (no programming required) 

• TestPoint Drivers 

WHY PAY A BUNDLE WHEN YOU 
CAN GET IT BUNDLED FREE? 
Now get hundreds of dollars of software free with 

any of Keithley's full line of economically priced 

PC! boards. And that includes 32-bit DLL and 

ActiveX-based drivers, TestPointTM drivers, 

LabVIEW· Vis, an ExceLlNXTM add-in and start-up 

software. Everything you need to get up and running 

fast. Best of all, you'll be using the software with 

exceptional-quality Keithley PC! boards such as 

our new KPCI-3107/8, the industry's best-priced 

value at under $1000 - , 6-bit performance at a 

12-bit price. Easy to set up and use, these PC! 

boards produce accurate data you can 

trust. And you can trust Keithley for 

application support, to make sure you can 

meet your most stringent data acquisition 

demands. 

[W~ng 
software'" 

For more information, call 1-888-KEITHLEY 
(1-888-534-8453). 

www.keithley.com 

KEITHLEY 

• KPCI-3101/2/3/4 low Cost Multifunction Boards ~ 
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• Cross-Correlated Trellis-Coded Quadrature Modulation 
There is more flexibility for optimization than there is in older related modulation techniques. 

~SA's Jet Propulsion Laboratory, Pasadena, California 

Cro s-correlated trellis-coded quadra­
ture modulation (XTCQM) has been 
proposed as a generic scheme with pe­
cific embodiments that potentially offer 
superior alternatives to other highly 
power- and bandwidth-efficient phase­
shift-keying (P K) modulation scheme . 
Examples of uch schemes include 
Gaus ian minimum- hift keying 
(GMSK), staggered quadrature offset 

raised co ine (QORC), Feher' 
patented quadrature P K (FQP K) , and 
pulse-shaped offset quadrature P K 
(OQPSK). 

Previously developed trelli -coded­
modulation (TCM) techniques combine 
(1) the bandwidth efficienc of such 
conventional multilevel-modulation 
techniques as multiple-phase-shift key­
ing (MPSK) and quadrature amplitude 
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modulation (QAM) with (2) the power 
efficiency of error-correction coding 
into (3) unified modulation scheme 
that, through suitable mappings, imul­
taneou Iy exploit the de irable proper­
ties of (1) and (2). While the previously 
developed T M technique afford the 
bandwidth efficiency inherent in multi­
level modulation, Ie attention was 
given, in the development of those tech­
niques, to achieving high levels of spec­
tral containment as quantified, for ex­
ample, by keeping out-of-band power 
levels low to minimize adjacent-channel 
interference. 

Considering only quadrature modu­
lations, the innovative aspect of the de­
velopment of XTCQM lies in a focus 
on the spectral occupancy of the trans­
mitted signal, along with careful atten­
tion to a desirable constant-envelope 
property and to the power efficiency of 
the demodulation! decoding operation 
at the receiver. The more-generic na­
ture of XTCQM (as compared with 
FQPSK and other schemes) affords 
considerably more flexibility for trad­
ing off between power and spectral ef­
ficiencies. 

In XTCQM, a cross-correlation and a 
suitable waveform mapping are intro­
duced into the in-phase (I) and quad­
rature (Q) baseband signals transmit­
ted on quadrature carriers, in such a 
way as to provide a high level of spec­
tral efficiency while also maintaining 
high power efficiency and a constant or 
pseudo-constant envelope. XTCQM 
would be implemented by use of such 
standard, currently available subsys­
tems as an offset-QPSK modulator and 
a receiver containing such items as 
matched filters, and a Viterbi decoder. 
The transmitter portion of a concep­
tual XTCQM communication system 
has been shown, in a computational 
simulation, to perform as predicted by 
theory. At the time of reporting the in­
formation for this article, the software 
for computational simulation of the 
performance of the receiver portion of 
the system was in an early stage of de­
velopment. 

This wark was done by Marvin K iTTUm 
and Tsun-Yee Yan of Callech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, access the Technical Support Package 
(TSP) free on-line at WWUI.nruatech.rom 
under the Electronic Components and Systems 
category. 
NPO-20532 
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Heat Transfer· The dynamic Nonlinear Algor's nonlin-
eHects of a tranSIent neat transfer analy- ear product helps to accurately predict 
SIS were needed for the time-<lependent large deformation and large strains 
temperature loading of this heat sink caused by stabc loading. As seen by thiS 
assembly. Algor's muhlple load curves water tank, bucklin9 of a structure IS one 
for various loading conditions allow for type of failure that can be exposed. 
the slmula\lon of the thermal event 

with Linear Material Models -
MES With hnear matenal models 
you to represent a dynamic analySIS 
While solving for kinematics. deflections 
and stresses 01 the structure. Analyses 
uSing large CAD assemblies, such as 
this rocker arm assembly model , can be 
expedited by uSing kinematic elements. 

multiple 
analYSIS types Into one event. Resultant 
forces from flow around thiS turbine were 
calCulated and then projected onto the 
object for a structural analYSIS. Other mul. 
tiphysics capabilities Include combining 
heat transfer With flUid flow heat transfer 
Wllh stallc transient stress and heat trans· 
fer With flUid flow and stress. 

Linear Stress A analy-
sis is one the linear dynamic stress 
analyses pertormed on thiS suspension 
bridge. Failure can occur when the load­
In9 frequency IS at the structure's reso­
nant frequency. Algor s linear dynamic 
analyses accurately predict these fre­
quencies and dynamiC effects. 

steady·state thermal processor helps pre· 
d,ct temperature dlstnbutlon due to ther­
mal loading Loading such as convection. 
radiation, conduction, applied tempera­
tures and surface heat fluxes can be 
added to an analYSIS for fast accurate 
results. In the case of thiS engine casing 
both conduchon and convecllon were part 
of the analYSIS of thiS 3·0 soltd model. 

with Nonlinear Material Models 
MES extends full dynamIC analysis I 
ftles to large sira," deformation analyses of 
nonlinear materials. as ShOwn by this land· 
In9 gear assembly K,nemahc elements can 
be used for qUicker processing. 
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t Thrust Stand Measures Thrusts of <1 Pound 
This device measures thrusts produced by miniature cold-gas thrusters in vacuum and air. 
Lyndon B. Johnson Space Center, Houston, Texas 

The development of miniature, cold­
gas thru tel' for on-orbit propul ion of 
such mall device as remotely piloted 
cameras and for inclu ion in astronaut 
propul ion backpacks gave rise to a need 
to measure thrusts ranging from 0.04 to 
0.8 lb (0.2 to 3.6 ). In addition, there 
was a need to measure thrust in a vac­
uum environment as well as in air at a 
pres ure of 1 atmosphere (O.l MPa) , 
and over a wide range of propellant inlet 
pressures. The primary ob tacle to be 
overcome for such measurements was to 
solve the problem of delivering the cold­
gas propellant (compressed nitrogen 
gas) to the thruster without affecting 
thrust measurements, particularly those 
below 1/ 41b (1 N). 

with a vent port 0 that the pre ure of 
air in its internal cavity alway equalize 
with the pressure of the surrounding 
air, to prevent undue pres ure-related 
hifts in load-cell output. 

A flange as embly and flow tern are 
included to provide for delivery of pro­
pellant coaxially through the load cell to 
the thru ter. The flow tern is also part of 
a thruster-mount fitting, which tran fers 
thrust from the thru ter to the load cell. 
The coaxial arrangement of the t11ru ter, 
load cell, and flow stem eliminates all 
off-axi load . 

The flow stem was de igned to pro­
trude through both the top and bottom 
flanges so that propellant pressure is ax­
ially balanced on the stem in opposing 

direction. Thi was done to negate the 
force on the load cell produced by the 
static pres ure and by variation of the 
static pres ure of the propellant. In 
practice, thi de ign feature proved suc­
ces ful, balancing 9 .7 percent of the 
force [7.8 out of7.9lb (34.7 out of35.1 

)] at a propellant pressure of 258 p i 
(1.78 MPa). 

One focu of de ign efforts was the 
problem of how to be t seal the gap be­
tween the flow stem and the flanges to 
prevent the escape of nitrogen, while 
allowing for consi tent reaction from 
the load cell for a given thru t. Initially, 
the flange pas ageways incorporated in­
ternal O-ring grooves, with the O-ring 
sealing against the flow stem in the top 

Method for measuring 
larger thrusts include the u e 
of flexible tubes or rotating 
fluid couplings to deliver pro­
pellants. However, in the pre-

Thruster Plume 

ent low-thrust application , 
the forces applied by flexible 
tubes to thru t sensors would 
be large with respect to the 
thrust being measured. In ad­
dition, the forces generated 
by flexible tube vary with 
changes in propellant pres­
sures and apply off-axi loads 
to the thrust sensors. The in­
ternal frictional forces in ro-
tating fluid couplings, and 
the variation of these forces 
with pres ure, would also be 
too great with respect to the 
low thrusts to be measured. 

The figure is a cro s ec­
tion of a thrust stand de­
signed for measuring mall 
thrusts in vacuum or in air at 
a tmospheric pre sure. A 
readily available doughnut­
configuration load cell i 
u ed as the thrust ensor. 
The doughnut configuration 
was chosen because its cen-
tral hole makes it possible to 
make the propellant-flow 
path coaxial with both the 
thruster and the load cell. 
The load cell i equipped 
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and bottom flange. ince full deflection 
of the load cell was <0.001 in. «0.025 
mm), the eal could be regarded as 
parts of a tatic configuration in which 
the 0 ring erved as flexure to a tin 
extent. In practice, howe er, the 0 
rings tended to hift in their groove 
with variation in propellant pre sure, 
thu yielding incon i tent reading 
from the load cell. 

To provide an alternate method of 
ealing between the flow tern and 

flanges lO eliminate shifting of the 
seals, 0 rings were replaced with a sili­
cone sealant. It was reasoned that once 

the ealant became cured, the adhe ion 
of the ealant to the flow tern and 
flanges would en ure a ftxed geometry, 
without the lippage betw'een di imilar 
urface that had occurred in the use of 

the 0 ring . Like the 0 rings, the new 
ilicone eal would flex micro copi­

call, but they would not slip along the 
flow tern or hift in their groove as the 
o ring did. A pourable silicone ealant 
with proper vi co ity in the uncured 
state and proper hear trength in the 
cured tate was elected. An assembl 
method and tool were devi ed to sup­
port pouring and curing of the ilicone 

............. -information worth ....... . 
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eal during as embl of the thrust 
tand. During te ting of the ilicone 
eal no leakage was observed at pre -
ure up to 270 pi (1. 6 MPa). 

Additional feature of the thrust tand 
include the following: 
• A houlder on the thru ter mount fit­

ting holds preload weights that are 
needed to optimize the en itivity of 
the load cell. 

• A rai ed wall on the top flange protects 
the load cell, which i delicate. 

• Leakage relief path from the ilicone 
seal prevent unwanted pre urization 
in the event of a leak. 

• Ports for temperature and pre ure 
sensors are included. 

• A cotter pin and shim retain the flow 
tern in the flange as embly. Shim 

stack height is set as needed to carry 
any inadvertent load applied to the 
bottom of the flow tern during han­
dling and installation, thus protecting 
the silicone eals from damage. 
Calibration of the thru t stand began 

with pre urizing it to one of the pres­
sures desired for testing thruster. ext, 
calibrated brass weights were placed on 
the thruster nozzle. and the electrical 
output of th.e load cell was recorded. 
After calibrations were completed, the 
thru ter was fired everal times, then cal­
ibration was repeated. 

During a te t program, the thrust 
stand was calibrated in thrust ranges of 
0.02 to 0.16 Ib (0.09 to 0.71 ) and 0.39 
to 0.611b (l.7 to 2.7 ). The error in the 
measurements was ±5 percent of indica­
tion in the low range and ±3 percent of 
indication in the higher range. This 
combination of range and accuracies 
amounts to an exceptionally wide useful 
overall range for a thrust-measurement 
system. The thrust measurements ob­
tained in thruster firings were found to 
be equally or more repeatable (that is, 
characterized by error bands of equal or 
smaller width), in comparison with the 
thrust measurements obtained during 
calibration. 

Further change in the design of the 
thrust stand have been propo ed to in­
crease its capability for future use . 
Mounting the load cell under the bot­
tom flange in a holding future would 
make it po sible to replace the load cell 
easily with a load cell of a different 
measurement range. Thrust would still 
be transferred to the load cell coaxially, 
but it would be tran ferred from the 
bottom tip of the flow tern, through a 
thermal-isolation fitting, to the load 
cell. ot only would the replacement 
of the load cell be much impler; in ad­
dition. thi configuration would ther­
mally i olate the load cell from the 
thruster and propellant. thus providing 
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for temperature conditioning of the 
thruster and propellant beyond the 
range alIO'\'able for the load cell. Thi 
configuration would also make it po i­
ble to use a larger diameter flow stem 
to accommodate thru ters with higher 
Oowrates. 

In this application, lime con traints 
dictated the purchase of a best available, 
off-the-shelf load cell that had a normal 
measurement range of up to 2 Ib (8.9 

). The use of the load cell for a wide 
range of measurements is what made it 
necessary to perfonn both a low-range 

calibration and a eparale high-range 
calibration to en ure accuracy. Time 
permitting, future versions of the thrust 
stand would incorporate lower-range 
load cells for the lowest of thrust mea-
urements. 

This work was done Ify Mark L. Ville­
marette* oJ Johnson Space Center. For 
Jurther inJonnalion, access the Technical 
Support Package (TSP) free on-line at 
www.7zasatech.com under the Test and 
Measurement category. 
MSC-22861 
*Presently oJ Oceaneering space Systems. 

Software for Designing Model Rockets 
for Base-Heating Tests 
This program eliminates a week or more of manual 
calculations for each configuration. 
Marshall Space Flight Center, Alabama 

The Impulse Combustion Excel 
(ICE) computer program was devel­
oped to facilitate and accelerate the de­
sign and analy is of subscale rocket en­
gines for use in base-heating tests. Such 
tests are performed on the ground to 
obtain data for estimating the heating 
effects of hot exhaust plumes OD the aft 
regions of full-scale rockets during as­
cent. The computer program is so 
named because typically, a base-heating 
test involve impulse combustion -
short-duration (of the order of ] 00 ms 
long) hot firing using flight propellants. 
Heretofore, the design of the ubscale 
engines and base-heating tests has been 
a difficult. time-consuming. iterative 
process. ICE can be expected to reduce 
the testing times and costs and to yield 
improved designs. fCE can be used to 
design model to b te ted in both wind 
tunnels and vacuum tanks. 

ICE is a spreadshe [ code that pro­
vide all of the parametric data used in 
the geometric de ign. heating analysis, 
and system anal is for many propulsion 
stems. The power ofICE lie in the ca­
pability to hange only one or all input 
variables to adjusl a design. ICE can also 
be used as an educational tool for learn­
ing the effects of variou parameters on 
an entire design. 

ICE eliminates a week or more of 
manual calculations for each model con­
figuration. The program incorporate 
engineering relations that have been 
used previously but. until now, have 
been found in several reports and docu­
ments and never gathered into one con­
sistem form or location. In addition, ICE 
incorporates an expanded set of features 

ASA Tech Briefs, Augusl 2000 

including (1) a procedure for determin­
ing the loss of energy resulting from in­
ternal tran fer of heat to cold metal sur­
faces, (2) a methodology for sizing a 
combustion chamber and associated 
ports of one or more engine(s), (3) a 
valve-selection sheet, and a (4) historical 
design data base. 

The spreadsheet contains the follow­
ing pages: (1) input, (2) enturi sizing. 
(3) charge-tube and buffer-gas-tube 
lengths. (4) system start time, (5) injec­
tor design, (6) combustor design, (7) 
combu tor/ nozzle heating. (8) surface 
heating. (9) valve pressure drop. and 
(10) hi tori cal design data. 'When the 
input page is filled out, ICE automati­
cally generales the specifications neces­
sary for computer-aided de ign (CAD) 
of a model. The CAD numerical model 
can be translated into an image of a 
solid model for electronic display and vi­
sual inspection; alternatively or in addi­
tion, a malerial model can be grown 
from the numerical model by use of 
stereolithography. 

This work was d01U! by Carl D. Engel oJ 
Qualis Carp. Jor Marshall Space Flight 
Center. For additional in/annation, please 
contact lhe compan_v at (256) 533-9282. 

Tn accordance with Public Law 96-517, 
the contractor has elected to "tain title to this 
invention. InqUIries concernmg rights Jor its 
commercial use should be addressl'd t() 

Q ualis Corporatio7l 
3225 Bob Wallacl' Ave. 
Suite C 
Huntsville, AL 35805 
ReJer to M1S·31402, volume and number 

oJ this ASA Tech Briefs isS1U!, and the 
page number. 
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@ Software for Analysis of Contamination of the ISS 
Lyndon B. Johnson Space Center; Houston, Texas 

The A AN computer program can 
perform detailed analy es of molecu­
lar column density and molecular de­
po ition on ;md around such complex 
pace tructures a the International 

Space tation (ISS). Contamination 
from both point sources (e.g., 
thrusters and vents) and diffu e 
ources (e.g., reflected plumes or out­

gassing of materials) can be analyzed. 
ASAN has been used to perform the 

asse sments reported in the ISS incre­
mental-de ign-review documents. 

NASAN consi ts of several interac­
tive tools (subroutines) that are linked 
together into a single, modular com­
puter program that takes advantage of 
common program elements, which 
include manipulation of geometric 
model and plotting of results of 
computations. The central program 
components are designed to be easily 

expandable to perform additional 
analyse. 

NASAN includes ray-tracing subrou­
tine that are efficient mean for cal­
culating surface shadowing within 
the various program application 
modules. A variety of mathematical 
model of plumes can be easily called 
from the application modules. Two 
of these plume models calculate sur­
face view factors, as needed, so that 
contamination calculations can pro­
ceed efficiently. 

Because geometric models with as 
many a 25,000 surfaces can be ana­
lyzed , the fidelity achievable by use of 
NASAN is greater than that achievable 
with software developed previously for 
the arne purpo e. The modular struc­
ture of NASAN, along with a high de­
gree of portability, makes it possible to 
perform contamination calculations 
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on a much wider variety of computer 
platforms than was previously possible. 
Considerable time is saved over prior 
software of this type by use of NASPLT, 
which i a plotting ubroutine within 

ASAN: this is because results of con­
tamination calculations can be plotted 
from within the same subprograms 
that perform the calculations. 

Another module of NASAN is 
CDPLT, which is a unique software tool 
for calculating and displaying the mo­
lecular column density around a 
pacecraft. This module has enabled 

the completion of numerous column­
density calculations that, previou Iy, 
could not be attempted. 

Yet another module, FIRJET, models 
a surface plume and enables quick cal­
culation of direct-flux molecular depo­
sition onto a geometric model that has 
easily reorientable surfaces. The sur­
face-source-plume model has enabled 
the analysis of more outgassing sources 
and model configurations than were 
previously possible. 

The program is operational on ev­
eral U IX platforms, and some ray­
tracing calculations can be performed 
in parallel on computers that include 
multiple processors. A simple, interac­
tive user interface enables quick, inter­
active calculations, and facilitates 
setup for longer batch calculation . 
The contamination analyses per­
formed by use of ASAN are helping 
to make possible the ISS design and 
verification activities to proceed on 
schedule. ASAN is also a powerful 
means for more detailed assessments 
of the local environments around spe­
cific payloads. 

This program was written by Charles 
Lynn Hakes, Rose T. Rodriguez, Doug 
Warrington, and Eleazar Rios of Lockheed 
Martin for Johnson Space Center . For 
further information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Software 
category. 
MSC-22963 

NASA Tech Briefs, August 2000 



CADKEY ---

Inuoducing 

All vou need to do FEA within CAD 
$915 

1M.. CaIIIomia .1 (714 564-0844 ".,."en the Engineering Europe (UK) +44 1784) 442 2-t6 

Has to be Right E·maiI· inIo@aIgarcom _algor.com 

Auto desk. 
Registered Developer 

Voyager 
Member 

All trademaJ1<s may be trademarks or registered trademaJ1<s of their respectNe owners. 

For ;\Iore Information Cirde ~o. 521 or Visit www.nasatech.com/521 

PARAM.ETRIC 
TECHNOLOGY 
CORPORATION 

Pro/PART ERS 
COOf'l.Unn. ~AU rlIO'ftDU 



CVD of Diamond Using Magnetoplasmadynamic Sources 
Rates of deposition are expected to exceed those from other sources. 

'ASA's Jet Propulsion Laboratory, Pasadena, California 
A program of re earch and develop-

ment i addre sing the feasibility of 
using magnetoplasmadynamic (MPD) 
source in the chemical vapor deposi­
tion (CVD) of synthetic diamond film. 
Because of its unique combination of 
thermal, electronic, mechanical, and 
chemical properties, diamond has po­
tential for use as a coating material in 
numerou engineering and scientific 
applications. 

A large amount of research has been 
directed toward understanding and de­
veloping CVD process (including plasma­
assi ted CVD process) for the synthesis of 
diamond and diamondlike materials. 
The plasma-assisted CVD processes in­
clude some that involve dc-arcjet sources; 
the development of these proces es has 
benefitted from extensive prior research 
on dc-arcjet thrusters for spacecraft. 
Rates of deposition that have been 
achieved by use of dc-arcjet source have 
exceeded tho e achieved by use of other 
gas-activation ources. 

The success of the dc-arcjet approach 
has led to speculation on the utility of 
other thruster-type plasma sources for 
CVD of diamond. There is a large body 
of data from previous research on the 
performance and plume characteristics 
of electric propulsion devices; these data 
are available to support continuing ef­
forts to understand the reaction kinetics 
and growth chemistry of diamond. One 
logical extension of the prior re earch 
would be an assessment of electric 
thrusters, other than dc-arget thrusters, 
for their potential to increase rates of de­
position even further. MPD thrusters are 
among tho e that could be considered. 

Regarded as thrusters, MPD ources 
have been found to perform with low ef­
ficiency at power levels below a hundred 
kilowatts. However, some characteristics 
of the di charge and plume from MPD 
sources indicate that the e ource 
might be well suited to synthesis and de­
position of diamond at rates higher and 
over areas larger than tho e achievable 
by u e of dc-arget ource; the charac­
teristics of particular relevance in this re­
gard are higher levels of dissociation 
and ionization of gas in the core of the 
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Figurel . The Cathode Test Facility at NASA's Jet Propulsion Laboratory includes a vacuum chamber and 
associated equipment previously used to investigate the behavior of high-current, thermionic cath­
odes for high-powered electromagnetic thrusters. This schematic shows the arrangement of substrate 
and methane injector to the accelerator electrodes. 

Figure 2. Scanning Electron Microscope Image (magnification 4,00Ox) of diamond film is shown (ap· 
proximately 2.51Jm thick) grown over laO-minute test at low power «20 kW) using a mixture of 1.5 
percent methane to hydrogen by volume. 
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plasma plume, higher jet velocitie , and 
the scaleability to higher power levels. 

The experimental part of this research 
is being performed in a egmented tain­
less-steel vacuum chamber (see Figure 
1). An argon-hydrogen discharge operat­
ing at a power level in the range of 10 to 
20 kW is being used to demonstrate fea-
ibility and explore the effects of sub­

strate biasing. Methane serves as a car­
bon precursor for deposition of 
diamond and is injected just downstream 
of the anode plane through a molybde­
num tube. Farther downstream, a waler­
cooled copper mount supports a remov­
able molybdenum disk that serves as a 
substrate for deposition of diamond (see 
Figure 2). Windows would provide access 
for optical diagnosis at several locations. 
A monochromator will be used for all 
emission spectroscopy in the plume, and 
an optical pyrometer and thermocouples 
are used to measure the temperature of 
the ub trate. 

The research includes a combination 
of experimental and computational 
analy es of the MPD-assisled CVD 
process, de igned to assess the feasibility 
of the proce s and to compare it with dc­
arcjet-as i ted CVD processes. Topics 
would include the following: 
• Parametric sensitivity (effects of dis­

charge power, gas mixture, substrate bi­
asing, and background pressure on sub­
strate temperature, film quality, area of 
deposition, and rate of deposition); 

• Properties of the plasma plume (e.g., 
mean gas velocity, pressure, and 
temperature) ; 

• The degree of pyrolysis of methane 
(as essed by means of spectroscopy of 
visible emission lines of C, H, and CH), 
in com pari on with corresponding 
published information for arcjets; 

• Gas-phase and urface chemistry (mod­
eled computationally with the help of 
experimental and publi hed data). 
This work was done by James Polk, John 

Blandino, and David Goodwin of Caltech 
for NASA's Jet Propulsion Laboratory. 
For furLl," mformation, a.cess the Techni­
cal Suppurt Package (TSP) free on-line at 
www.llasatech.com under the Materials 
catego1)'. 

In accordance with Public Law 96-517, 
the conlractur has elected to retain title to this 
invention. Inquiries concerning rights fur its 
commercial use slwuld be addressed to 

Technology &purting Office 
JPL 
Mail top J 22-116 
4800 Oak Grove Drive 
Pasadena, CA 911 09 
(818) 354-2240 
Refer to NP0-20668, volume and number 

of this ASA Tech Briefs issue, and the 
page number. 
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Oxygen Batteries Based on a Solid Polymer Electrolyte 
Oxygen gas is used as the electro active cathode material. 
Lyndon B. Johnson pace Cenle1; Houston Te as 

i ntists have dev loped a derivativ of 
the Ii thium-ion cell that could prove useful 
in paceflighl and commercial applica­
tions in which it is planned to us o)..}'gen 
batteries based on solid polymer elec­
trolytes. Thi derivativ cell, \ hich con­
tain a solid polymer electrolyte and an 
oxygen gas cathode, is de igned for and 
operate be t in an 0 gen-rich aonos­
phere. (Inasmuch as the derivative cell as 
d igned cannot tore 0 gen, the gas 

must be obtained from the environment.) 
Because the demand for portable elec­
tronic device for ientific, educational 
and even entertainment uses is constantI 
incr asing, the ne d for rechargeable bat­
teri as alternative mean to power these 
d vi e is also increasing. Batteries based 

n tIle pre ent derivative cell could be one 
uch altenlative means. 

unique feature of the polymer-elec­
trolyte-based litlUul11 cell is the wa in 
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which it utilize (1) o)..}'gen as an el c­
troactive cathode (po itive electrode) 
and (2) lithium - or another electroac­
tive metal (e.g., magne ium, odium, cal­
cium, aluminum, or zinc) - as an anode 
(negative electrode). To implement this 
utilization cherne, the cientists and­
wiched a lithium-ion-conductive olid 
polymer electrolyte film between a 
lithium anode and a compo ite carbon 
electrode that erv as the cathode cur­
rent collector on which electroactive oxy­
gen i reduced when the battery dis­
charge to generate electric cun·ent. The 
imple de ign objective for these cien­

tists was to devise a novel, olid-polymer­
electrolyte-based lithium battery that 
could be used in paceflight and industry. 

The cathode current collector is, more 
specifically, made of a high- urface-area 
carbon (e.g., carbon black or graphite 
powder). In operation of the derivative 
cell, oxygen is reduced on the cathode 
collector. IflitlUum i the anode material, 
then the open-circuit potential of the cell 
is about 2.9 ,while the potential under 
load range between 2 and 2.9 V, de­
pending on the load current. The theo­
retical specific energy of the cell is 5,200 
Wh/kg - a value that make the cell de­
sign useful, except in a vacuum, where it 
would be nece ary to provide a elf-con­
tained upply of oxygen. 

The design of the derivative cetl can 
satisfy requirements of government and 
indu try for rechargeable batteries that 
utilize oxygen gas cathode. Because the 
de ign is experimental, anticipated cost 
savings cannot be surmised; however, 
the de ign holds promise and could pro­
vide another answer to the burgeoning 
need in the commercial marketplace 
and the . S. space program for alterna­
tive forms of rechargeable batteries. 

This work was done by Zhiping Jiang 
and Kuzhikalail Abraham of ElC Labora­
tories, Inc., for Johnson Space Center. 
For further information, access the Techni­
cal Support Package (TSP) free on-line at 
www.nasatech.com under the Materials 
category. 

In accordance with Public Law 96-517, 
lhe contractor has elected to retain title to this 
invention. InquiriM concerning rights for its 
commercial use should be addressed to 

Zhiping Jiang 
ElC Laboratories 
111 Dawney Street 

arwood, MA 02062 
Refer to M C-22790, volume and number 

of this ABA Tech Brief: issue, and the 
page number. 

A5A Tech Briefs, August 2000 





USB 

WEB QUICK FIN D # 41 5 * 

Portable 

WEB Q UI CK FIND # 4 1 6 * 

Stand Alone 

w ww.iotech.com 
* VISit iotech.com & enter WEB QUICK 

FIND # to quickly view product info. 

Software provided 
with most data 

acquisition products 

Out-of-the-8oxTA' 
software provided 
with IOtech data 

acquisition 
products 

+ 

Visual Basic", C, C++, LabVIEW" 
& DASYLabe are also supported 

IOtech, the 
Out-of-the-8oxTA' 

data acquisition 
supplier 

WEB QU ICK FIND # 418* 

IEEE 488 

WEB QUICK FIN D # 4 20 * 

1.888.890.0827 
1.440.439.4091 

Copyrigh~2000 IOtech Inc. Trademarks are he property of their respective holders. 



SUP~l 

li~\'\:l\Hl~'l1~ lJul!pl\:l' U 



PCB Assembly Finds Automation 
Automated optical inspection is boosting 
defect detection and circuit-board yields. 

I n recent year, yield 
improvement and rework 

ystem have emerged as an 
area of ignificant interest to 
printed circuit board (P B) 
manufacturers, largely moti­
vated by the fact that an 
immen e volume of process 
and te t data i generated by a 
typical PCB manufacturer dur­
ing his test operation . This vol­
ume continues to grow as auto­

CR Technology's XRV inspection system is the world's first to 
combine both x-ray and vision technologies. 

mated inspection instrumentation 
improve. With the advent of 
improved defect or failure analysis 
tools, the accuracy of the data is al 0 

improving. Rapid identification, coLlec­
tion , analy i , and rework are both 
advantageou and desirable, for they 
reduce the re ponse time and cost 
cau ed by an up et or excursion. As a 
re ult, manufacturing engineer and 
quality-control personnel are con tantly 
challenged by the need to rapidly collect 
and analyze any new data and to u e it to 
improve manufacturing yield rates. 

One of the primary tool u ed by PCB 
and electronic contractors i automated 
optical in pection (AOI). When the effi­
ciency and repeatability of AOI ystem 
are compared to that of human in pec­
tors, we can under tand the appeal of 
the automatic )' tern. For example, a 
typical PCB as embly Line at an electron­
ic contract manufacturer employs 
between two and four in pectors for an 
in pection and rework operation. 

In contrast, an AOI y tern require 
only one operator to elect the pro­
gram, detect defects, and perform 
rework on failed PCB . Thi reduce the 
per-shift requirement for labor to a ig­
nificant degree. But before a manufac­
turer make an investment in automa­
tion, he should conduct a reali tic eval­
uation of all the factor that influence 
yield improvement and return on 
inve tment. 

rIa 

Overcoming Limitation 
AOI sy terns were fir t introduced to 

the PCB as embly indu try in the early 
1980s. Designed to replace human 
inspectors in eeking vi ible defects such 
as mi ing parts, placement, and similar 
errors, the e first y tern were expen-
ive, low, and difficult to use. Recently, 

however, thanks to improvements in PC 
computing power, oftware, and imaging 
technology, a new generation of AOI sys­
tem has overcome many of the e limita­
tion . The systems can be utilized in var­
iou mode at everai points in the 
as embly line. In a typical urface-mount 
technology cenario, inspection is per­
formed after parts placement, reflow, 
and/or final as embly. The types of 
defects found by an AOI tern include 
mi ing parts, incorrect components, 
polarization error, placement error, 
and older defects. All defect informa­
tion is identified and reported for 
rework. 

There are limitation , however. 
Although AOT ystems do an excellent 
job on optical inspection of the board's 

urface, they can only analyze vi ible fea­
ture. With ball grid arrays (BGAs) , 
micro-BG ,chip-scale package ( Ps), 
flip chip, and other hidden-connection 
device, manufacturers have to opt for x-

www.nasalech.com 

ray terns to ana­
lyze the critical ol-

der joint of the e 
new-gen eration pac kages. 
Al 0, double- ided P B 
mu t be flipped over for 
proper in pection of both 
ide . 

Today, AOI ystems are 
typicall used to complement 

in-circui t te t (ICT) meth­
ods. Thi type of u age cov­

ers an in pectio n pectrum 
wider than either proce could 
do alone. In addition, increasing 
numbers of engineer in mid- to 

high-volume manufacturing environ­
ments employ AOI po t-reflow as an 
MT proces inspection tool. The AOI 

system provide engineering analy is 
data that can be u ed to perform a vari­
ety of analytical ta ks, uch as compo­
nent sourcing, product traceability, 
higher te t yield, high mean time 
before failure (MTBF), fewer e cape to 
the field, and better proce s control. In 
addition, trend analy i is a time-te ted 
method of monitoring for change in a 
manufacturing line, both good and bad. 
If a de irable trend i found, tlle AOI sys­
tem can assist the user in pinpointing 
the change(s) that re ulted in the 
improvement. Alternatively, if an unde-
irable trend i found, the AOI ystem 

can assist the user in determining what 
went wrong. 

As with any return-<>n-investment cal­
culation, the inve onent in automation 
hould reduce the co t per function and 

improve the yield that i currently being 
realized. A major improvement, obvious­
ly, is a reduction in labor. According to 
re earch conducted by Teradyne, it has 
been e timated that trained human 
in pector account for about 50 percent 
of the detectable vi ible defects on cir­
cuit boards. The low percentage of efJec­
tivene can be laid to everal factors, 
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pre ems defect tatistics of PCB 
for multiple a embl line. 
Because it is web-based, the RDS 
is able to pre ent data acro the 
company' Intranet, or u ers 
may choo e to have the data 
available on the Internet for an 
audience anywhere in the world. 

A printed circuit board passing through CR Technology's 
RTI-6500 vision inspection system. 

The uneven performance of 
human in pectors was the pri­
mary driver for M Manu­
facturing Technologie Inc. , a 
contract electronic manufactur­
er in San Diego. "We intro­
duced AOI y tems on our SMT 
assembly lines becau e there 
were simply too many defects 

primarily the repetitive and demanding 
nature of the work, which make con­
centration hard to maintain . The 
monotony also results in a high taff 
turnover with consequent costs in hiring 
and training. In pection may al 0 be 
influenced by uch indeterminate fac­
tor as the attention span of the particu­
lar inspector, the specific day (inspectors 
may be less effective on Friday afternoon 
than on Monday morning), and time of 
day (inspectors may be less effective on 
any afternoon than they are mornings). 
AOI, on the other hand, is able to deliv­
er high defect coverage consistently and 
repeatably-as high as 99 percent-with 
virtually no escapes to the next produc­
tion stage. 

getting through ," aid Allan 
Stein director of manufacturing. "We 
even find AOI effective on double- ided 
boards. We look at one 
side, then flip the board 
and check the other ide," 
he added. " ow, by using 
both AOI and human 
inspectors, we've improved 
our quality and our yield." 

The higher yield because 
of the improved AOI cover­
age means fewer PCB to 
diagnose, repair, and rete t. 

In some manufacturing 
operations, this improve­
ment in yield has been 0 

dramatic that the manufac­
turer has eliminated ICT 

Increasing product quality increase 
product yield, en uring that one of the 
key elements ustaining long-run co ts 
remain low. An important yield 
improvement and failure anal is tool i 
visual/ electrical correlation. The ability 
to correlate vi ual defects ob erved dur­
ing proce ing with electrical te t fail­
ure can be a powerful tool for reducing 
failure analy i time and increasing fail­
ure analysi efficiency, i.e ., increasing 
yield. 

Real-Time Monitoring 
Real-time monitoring is another 

aspect of improving product yield. ot 
only will it alert the line manager as soon 
as a process up et occur , but it can rec­
tify catastrophic occurrence, such as 
selection of the incorrect placement 

. ~,~ -
altogether, with a conse- The new RDS system allows for PCB repair through the Internet. 

Rework Data Server 
The development of CR Technology's 

rework data server (RDS) is expected to 
increase the effectiveness of AOI system 
dramatically. With the RDS, defect data 
gathered by the inspection systems are 
channeled via open database connectivi­
ty (ODBC) to be stored centrally on a 
server. Thi advanced web-based soft­
ware tool then generates a series of web 
pages that guide repair technicians 
through the rework proces es of their 
defective PCBs. Computers anywhere on 
the LAN will be able to view the defect 
data using a web browser such as the 
Internet Explorer. 

The RDS pre ents defect and yield 
information in four main pages, includ­
ing board tatistics, master table, defect 
map, and defect classification. Defect 
information is dynamically listed in table 
format, while defect location is indicated 
graphically on a user-friendly map. After 
performing the rework, the technician 
can instantly log in the date, time, and 
reworker 's name. In addition, the system 

2a 

quent saving in labor, capi­
tal, and floor space. 

As mentioned previously, many visible 
defects are not detectable by either ICT 
or functional board tests (FBTs) . 
Although many of these defects can be 
detected by human inspectors and AOI, 
operators typically mi s half of the 
defects. The re ult is that the defects 
that pass through inspection and te ts 
can cause problems at a later tage: 

• intermittent failure during FBT; 
• failure or intermittent failure at 

system integration; 
• customer dissatisfaction; and 
• PCB dead on arrival with warranty 

returns. 
AOI reduces the incidence of the e 

failure , which should help manufactur­
ers meet their customer requiremen t for 
increased product quality. For example, 
a dimensional aberration of a single part 
could conceivably shut down an as em­
bly line until the problem was discov­
ered and rectified. AOI should eliminate 
thi type of problem. 

www.nasatech.com 

program. Data can be collected, product 
quality analyzed, and repair procedures 
initiated at critical steps in the manufac­
turing process. Finding problems quick­
ly can prevent the manufacture of large 
numbers of defective boards, as many, 
perhaps, as several hundred or even 
thousands. 

Long-term process improvement is a 
concept that requires input from as 
many sources as pos ible. AOI, where 
defect data is automatically collected, 
maintained, and monitored, is an ideal 
starting point for improving both prod­
uct quality and yield. A well-managed 
yield improvement system is the cost­
effective means of achieving and main­
taining high yields in circuit-board 
production. 

For additional information, contact Don 
Miller; the author of this article, at CR 
Technology, 125 B Columbia, Aliso Vzejo, CA 
92656; (949) 448-0443; fax: (949) 448-
0445; e-mail: sales@crtechnology.com. Please 
visit CR Technology at www.crtechnology.com. 
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Murata's Dry Phantom provides 
equivalent electrical and magnetic 

characteristics to a human head for antenna testing. 

W ith wireless communication, espe­
cially cellular system , steadily on 

the ri e, the demand for equipment that 
is both miniaturized and offers better 
performance increases. One of the most 
important characteristics that must 
be measured is antenna propagation 
in certain stable conditions. Murata 
Electronics, a wholly owned subsidiary of 
Murata Manufacturing Co., of Japan, is 
meeting this need with a unique and 
innovative piece of microwave test 
equipment. Called the "Dry Phantom," 
the device mimics the reflection, ab orp­
tion, and dissipation of electromagnetic 
waves characteristic of the human head, 
part of the upper torso, and part of the 
arm. 

Antenna propagation patterns need 
to be evaluated as closely as po ible to 
the way humans actually experience 
them. But measuring them with real 
human beings introduces too many 
unstable factors into the results. 
Temperature, humidity, the time of day, 
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and seasonal changes make the electri­
cal and magnetic conditions of the 
human body change. Because of these 
factors the measurement have long 
been made using a ' phantom" head. 

Previous microwave and RF phantom 
technology utilized liquids, such as sol­
gel or a solution of sodium chloride 
and water, to obtain conditions closely 
matched to the human head. But where­
as these traditional methods were rela­
tively inexpensive and proven, they 
required constant maintenance, were 
ubject to infection by fungi or bacteria, 

and did not provide a consistently stable 
reference point for the engineering 
measurements. 

Murata, in conjunction with NIT of 
Japan, took a different and innovative 
approach to the problem: they devel­
oped a new design utilizing a combina­
tion of complex dielectric materials of 
ceramic powder, polymer, and carbon 
powders. These materials, combined in 
a carefully molded head formation, pro-

www.nasatech.com 

A 
Better 
Head 

for 
Antenna 
Testing 

vide a very stable test environment for 
comparison and improvement of cell­
phone antenna designs . The "Dry 
Phantom" has relative dielectric and loss 
tangent characteristics that are very sim­
ilar to those of the human body. 

The complete system includes the 
head, part of the upper tor 0 and arm, 
set stand, positioning pin , adjustable 
arm, and carrying case. Whereas older 
and Ie exact te t phantoms that pro­
vide only the head model cost in the 
vicinity of 20,000, the "Dry Phantom" 
co ts 33,000. But the added stability 
and ideal "human" characteristics 
should be worth the co t to universities, 
government test agencies, and major 
corporations that research, qualify, and 
de ign for today's mo t advanced wire­
Ie markets. 

For more inJlYT7IUltion contact Scott Kkttlu!, 
design engineer at Murata Ekctronics, 2200 
Lake Park Drive, Smyrna, GA 30080-7604; 
(814) 237-1431, ext. 3980; e-mail: skl£ttlu!@ 
murata.com. 
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Supercapacitors With C and Nanostructured Mn02 Electrodes 
Energy densities are expected to exceed those of other electrochemical capacitors. 
John H. Glenn Research Center, Cleveland, Ohio 

class of developmental asymmetric 
electrochemical capacitors i based on 
(l ) nonpolarizing po itive electrode 
made of nano tructured y-Mn02, (2) 
aqueous electrolyte , and (3) polarizing 
negative electrodes made of activated 
carbon. Like other tate-of-the-art elec­
trochemical capacitors, the e can store 
everal hundred times as much energy 

per unit weight or volume as can tradi­
tional electrolytic capacitors. In compar­
ison with other, symmetric state-of-the­
art electrochemical capacitor , these 
asymmetric electrochemical capacitors 
are expected to be capable of higher 
energy densities. In addition , by virtue of 
the high surface areas of the nanostruc­
tured y-Mn02 electrodes, these capaci­
tors are expected to be capable of high 
power den ities. These capacitors could 
be particularly useful as load-leveling 
devices in conjunction with batteries, or 
as replacements for batteries, in portable 
electronic devices that rely on short-term 
intermittent or pulsed high power. 

The energy densities of asymmetric 
electrochemical capacitors can be made 
to exceed those of symmetric electro­
chemical capacitors for several reasons: 
• The two electrodes of an 

electrochemical capaci­
tor, having capacitances 
~ and 4, are electrically 
connected in series. One 
of the electrodes is made 
of a material with a 
specific charge capacity 

Q) 
"0 

energy den ity of the overall capacitor. 
• Unlike a ymmetric electrochemical 

capacitor, an asymmetric electrochemi­
cal capacitor with an aqueou elec­
trolyte can reliably operate at voltages 
above l.22 V without evolution of gas, 
whereas commercially available ym­
metric aqueous electrochemical capac­
itors are limited to about 0.9 V. 
Inasmuch as energy den ity is propor­
tional to voltage quared, the energy 
density of an asymmetric capacitor can 
be correspondingly higher. 
In an asymmetric electrochemical 

capacitor of the present type, the positive 
electrode is expected to act as pseudoca­
pacitor: it is expected to store charge 
through the faradaic reaction 

y-Mn02 + H20 + e- H a-MnOOH + 
mr 

with a reversible potential of l.23 V ver­
sus a standard hydrogen electrode. The 
negative electrode is expected to store 
charge at the electrode/ electrolyte inter­
face (double-layer capacitance) . 

To make it possible to obtain high 
energy density, the positive electrode 
must exhibit a low degree of polariza­
tion; that is, the potential of the positive 

electrode mu t change little from its 
reversible potential during the passage 
of current. In addition , nonfaradaic 
proce e mu t be minimized and farada­
ic proce e mu t occur at high reaction 
rate across the surface of the positive 
electrode. On the other hand, the nega­
tive electrode hould be highly polariz­
able and, under ideal condition , should 
develop a large \vindow of potential 
change during charge and discharge. 
The figure qualitatively depicts the 
expected changes in potential at each 
electrode during charge and discharge . 

This wor* was done by David E. Reisner 
and T. Danny Xiao of us Nanocorp, Inc.; 
John R Miller of ]ME, Inc. ; and Stephen M. 
Lipka of Florida Atlantic University for 
Glenn Research Center. For further infor­
mation, access the Technical Support Package 
(TSP) free on-line at www.nasat.ech.com 
under the Electronic Components and Systems 
category. 

Inquiries concerning rights for the commer­
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, Cleveland, 
Ohio 44135. Refer to LEW-16930. 

Potential of Positive (y- Mn0 2) Electrode During Charge 

Reversible Potential 

Potential Across Capacitor _ 
at End of Discharge 

and thus a capacitance 
greater than that of the 
other electrode. The 
capacitance of the series 
combination [given by 
Cr = ~ 4 / (C1+4)] is 
almost equal to the 
smallest of C1 or 4. In 
contrast, the capacitance 
of a symmetric electro­
chemical capacitor is 
only about half that of 
either electrode. 

e 
(3 
Q) O~----------------------------------------------~--

• Because the pecific 
charge capacity of one 
electrode material greatly 
exceeds that of the other 
electrode material, the 
mass and volume of one 
electrode can be made 
smaller than that of the 
other electrode. The 
decrease in volume trans­
lates to an increase in the 

6a 

iIi 
Q) 
t) 
c 
~ 
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a: 

Potential of 
Negative (C) Electrode During Charge 

Time 

Potential 
Across 

Capacitor at 
Full Charge 

Large Voltage 
Window 

A large Voltage Window is expected to arise through polarization at the negative electrode as a capacitor of the pre­
sent type is charged. The potential window is limited by the onset of the evolution of hydrogen and oxygen at the elec­
trodes. The potential of the metal oxide electrode remains essentially unchanged during both charge and discharge. 
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Heterodyne Doppler Lidar Using Pseudonoise Code 
This low-power, compact unit will be suited to a variety of meteorological uses. 
NASA's Jet Propulsion Lab zry, Pasadena, California TEST D 

E 

A low-power. miniature Doppler !idar 
instrument i being developed for use in 
measuring opacity (from dust) and wind 
profiles in the Martian atmo phere. The 
instrument could also be used on Earth 
to measure turbulence in the atmospher­
ic boundary layer. for assessments of 
urban and regional air quality. and per­
haps [or studying aircraft wing-tip vor­
tices. The instrument is being designed 
to measure wind velocity component 
along its line of sight with a precision of 
1 ml s and to perform ranging at dis­
tances from 3 km to a maximum of 10 
k.m (or less depending on the concen­
tration of airborne dust). 

There are other Doppler lidar systems 
that produce range-gated measurements 
of opacity and wind velocities. but those 
systems are unacceptably large and 
power-hungry for the intended applica­
tion. The other systems contain. various­
ly. gas or solid-state lasers operating in 
pulse mode. The heart of the transmitter 
in the present developmental instrument 
is a diode laser. which is chosen for com­
pactness and because the electrical effi­
ciencies of diode lasers are generally 
greater than those of gas and solid-state 
lasers. On the other hand, diode lasers 
are not suitable for pulsed operation at 
the peak power levels and pulse-repeti­
tion frequencies needed for range gating 
in the intended application; therefore, 
in the present instrument. range gating 
is achieved by use of a pseudonoise code. 

The instrument will be highly electri­
cally efficienl. The diode laser in the 
transmitter will operate with a conver­
ion efficiency approaching 40 percent. 

The design of the instrument will incor­
porate recent developments in high­
peed. low-power receiver electronics. 

The transmitting diode laser will be 
modulated with the p eudonoise code -
a pre cribed p eudorandom sequence of 
"on~ and "off' tates - with each uon~ or 
"off' state La ting 1 to 2 \.Is. The receiver 
will perform heterodyne detection; it will 
include a beam splitter. which will enable 
the use of a local-o cilia tor diode laser 
modulated and frequency-shifted (ro 
measure the Doppler effect) separately 
from dle transmitting diode laser. The 
enure tran miner/ local-o cillator pack­
age will be compatible with fiber optics. 

For ilie original Mars-wind-proflling 
application. the desired transmitter 
power is about 200 m W. The spectral 
widili of the transmitted light must be no 
more than about I MHz. At pre ent, 
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these requirements can be sati fied by 
use of a diode laser master oscillator and 
a fiber laser amplifier, and compact 
diode-laser devices iliat satisfy these 
requirements are expected to be devel­
oped during the next few years. 

The receiver will include a unique, 
high-speed. low-noise photomixer with a 
matched amplifier and a high- peed, 
low-power. 12-bit analog-t<XIigital con-

Less is more. 

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

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

verter followed by circuitry that com­
putes fast Fourier transforms and circuit­
ry that processes power spectra. 

This work was done fry Robert Menzies, Greg 
Cardell, and Hamid Hemmali of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further informo.tion, access the Technical Sup­
port Package (TSP) free on-line at www. 
nasatech.rom under the Electronic Comporumts 
and Systems category. NP0-20466 

HERE'S THE CLINCHER 

These include SNAP­
TO~ (shown in photo 
above) standoffs which 
eliminate the need for 
screws, locating pins for 
quick alignment of mating 
parts, P.C. board fasten­
ers and many others. 

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

Clinch it with 'EM' ~ 
FASTENERS & PRESSES ~ ~~~ 

183R 
01998 PENN ENGINEERING & MANUFACTURING CORP. ' p.o. Sax 1000 ' D~. PA 18916-1000 W 
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Two-Dimensional Active-Pixel Spectral Lidar 
Targets would be probed using spatially, temporally, and spectrally resolved optical signals. 
~ :A's Jet Propulsion Laborat01Y, Pasadena, California TEST AND 

MEASUREMENT 

Positions on Ground 
Corresponding to 
Pixels in Zeroth 

Column RA
'O 

1,0 

2,0 

3,0 

2-D APS Array 

0,0 0,1 0,2 0,3 

1,0 1,1 1,2 1,3 

2,0 2,1 2,2 2,3 

3,0 3,1 3,2 3,3 

f [T~ ' r IT ,J I r~TI I , I I I : , , I I I I , ,', I ' I } S~~~ at 

~ [ Wavelength (Or Pixel Number Along Row) } 

'c;; 
lii Spectrum at 
£ 1:1 1 j ) rrrtTTI 1 I T I , ! I !! 1 I l ! I ! I I , ! Timet, 

,., ~ Wavelength (Or Pixel Number Along Row) } 
.~ 

lii Spectrum at 
E n T i ! IT [ ITT ! I I I I ! I I t I ! , I , ! I I r ! I Time t2 

~ ~ Wavelength (Or Pixel Number Along Row) } 

'c;; 
lii Spectrum at 
E T I T i ! n r n I IT I I I ti l ! I I I I 1 I 1 I I I 1 Time t3 

Wavelength (Or Pixel Number Along Row) 

Light Returning from the Target Would Be Spectrally Dispersed - in this case, along the zeroth row of an APS array. Hence, by processing the readouts 
from the pixels in this row at different times, one could obtain a time-resolved spectrum of the target. 

Two-dimensional active-pixel-spectral 
lidar (TAPSL) is a proposed remote-sens­
ing technique for obtaining spatially, 
spectrally, and temporally resolved infor­
mation about terrain or other targets. 
Operating aboard an airborne or space­
borne platform above the Earth or a 
remote planet, a TAPSL system would be 
used to gather data on geological, bio­
logical , and chemical phenomena that 
manifest themselves through characteIis­
tic optical emission spectra. 

A TAPSL system would include a single­
frequency laser tllat would illuminate a 
target. The light returning from the target 
would include an elastically scattered 
component (the spectral component at 
the original laser frequency) that could be 
used for ranging as in conventionallidar. 
The return would also include inela tical­
ly scattered (Raman.,shifted and fluores­
cent) pectral components that would be 

characteIistic of the target material in 
response to excitation by the laser. 

The light returning from the target 
would be detected by a rectangular array 
of active-pixel sensors (APSs) that would 
be sensitive to visible and near-infrared 
light. The APS would operate in con­
junction with miniaturized electronic 
control, readout, and pixel-data-process­
ing circuits. Before impinging on the 
APS array, the light would pass through a 
diffraction grating oriented to disperse 
the light along the rows of pixels. 
Consequently, the frequency or wave­
length of the light received by each pixel 
could be identified from the position of 
the pixel along its row (see figure). 
Optionally, the system could be operated 
without the laser to obtain the reflected­
sunlight spectrum and/ or the thermal 
spectrum of the target. 

As descIibed thus far, the system would 

deIive information about the relative 
position of the target in the manner of 
conventional lidar. However, if a lens 
were used to image the target scene onto 
the APS, then the position of each pixel 
along a column could be used to obtain 
spatial resolution along the correspond­
ing axis on the target; this approach 
could be useful if the laser beam did not 
provide sufficient resolution, or if it were 
desired to scan the terrain in "push­
broom" fashion. Alternatively, it might be 
possible to vary the time gate of each 
pixel with position along each column to 
obtain additional resolution for ranging 
or spectral analysis. 

This work was done IJy Qy,iesup Kim of 
Calteeh for NASA's Jet Propulsion 
Laboratory. For further information, access the 
Technical Support Package (TSP) free qn,.line at 
www.nasatech.com under the Electronic 
Components and Systems categary. NP0-20737, 

Improved Temperature-Compensating Microwave Attenuators 
These passive devices feature constant impedances and 
tailorable temperature coefficients of attenuation. co PONENTS 

John H. Glenn Research Center, Cleveland, Ohio 

Improved passive temperature-com­
pensating attenuators have been devel­
oped for use in proce ing radio ignals at 
frequencies up to about 18 GHz. In gen­
eral, temperature-<:ompensating circuits 
and devices are needed to minimize 

Sa 

(preferably, to eliminate) undesired tem­
perature dependences of the overall gains 
of amplifiers, filters, and other microwave­
signal-processing circuits. The role of a 
temperature-compensating attenuatar is 
to provide a temperature-dependent 

www.nasatech.com 

amount of power dissipation complemen­
tary to the temperature-dependent gain 
or dissipation of other devices in the cir­
cuit, uch that the overall gain or attenua­
tion of the circuit vaIies minimally 
(preferably, not at all) with temperature. 
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Active temperature-compensating 
attenuators that include temperature 
ensors, transi tors, and other circuit ele­

ments are knowlI; unfortunate! , these 
active auenuators often exhibit nonlin­
ear re pon es, ghing rise to distortion of 
ignals (intermodularion distortion and 

hannonics). In some applications (e.g., 
orne microwave- ignal-proce sing appLi­

cations), it is po sible to use passive 
temperature-compensating attenuators, 
which are preferable to active attenua­
tors in that the passive de\;ces are more 
reliable and maller, and their re ponses 
to signals are more nearly linear (they 
do not introduce intermodulation dis­
tortion or harmonics). 

The improved pas ive temperature­
com pen ating attenuators were devel­
oped because users expressed a need for 
degrees of temperature compensation 
greater than those afforded by pre\iously 
available passive temperature-compensat­
ing attenuators. Ideally, in a typical appli­
cation, a temperature-compensating at­
tenuator intended for use in a specified 
temperature range would function with 
no 10 (no attenuation) at the highe t 
temperature in the range and with maxi­
mum loss at the lowest temperature in 
the range. While none of the improved 
attenuators performs in this ideal man­
nel~ it is notable that they can be made to 
pre ent constant input and output 
impedances, and their temperature coef­
ficients of attenuation (TCAs) are tai­
lorable. Both units with positive and units 
with negative TCAs have been fabricated. 

The improved pas ive lemperature­
compensating attenuators are all variants 
of the arne basic device: Each uch 
attenuator comprises a network of thick­
film thermi tors (imilar to thick-film 
chip resistors) depo ited on an alumina 
ubstrate. The thermi tors are made of 

material that have been formulated 
pecifically for thi u e and that exhibit 

temperature coefficients of re istance 
(TCRs) considerably greater than tho e 
of previou ly commercial! available 
material . The parameters of the ther­
mistors are elected to obtain the de ired 
temperature-dependent amounts of 
attenuation while maintaining constant 
input and output impedance. 

This work was done fly Joseph B. Mf1rlJXlu!tte 
ofEMC Technology, LLC forGlenn Research 
Center. For furtlu!r informatWn, access tIu! 
Technical upport Package (TSP) free cm-line 
at www.nasatech.com under the ElectlTJnic 
Components and SJsleT1l$-categury. 

Inquiries concerning rights for the commer­
cial use of this invention should be addressed 
to 'ASA Glmn Research Center; Commercial 
TechnolofJ Office, Attn: teve Fedor; Mail 
Slap 4-8, 21000 Brookparlf. Road, Cleveland, 
Ohio 44135. Refer to LEW-16927. 
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Atmospheric Electron X-Ray Spectrometer 
Specimen surfaces can be analyzed quickly, at high spatial resolution. 

rtlSA ~ Jet Propulsion Laboratory, Pasadena, California 

The Atmo pheric Electron X-ray pec­
trometer (AEXS) is being developed for 
perfonning rapid, nondestructive in situ 
analyses of the elemental compo ition of 
surfaces. The capability of the AEXS to 
operate in air and to be brought to a ur­
face to be analyzed makes it unnecessary 
to bring a pecimen to a laboratory and 
prepare the specimen for analysis. 

The AEXS belong to a class of minia­
ture instruments that perfonn in situ ele­
mental composition analysis by the exci­
tation and analysis of x-ray fluorescence 
from specimens. Prior techniques 
include excitation of the x-ray fluores­
cence by a particles and x rays, both of 
which entail larger target areas and 
longer spectrum acquisition times than 
the electron beam based excitation u ed 
in the AEXS. The AEXS is predicted to 
be able to analyze samples at high spatial 
resolution detennined by its control­
lable electron-beam pot size. The spec­
trum acquisition time of the AEXS is 
expected to be less than a minute. The 
short spectrum acquisition time results 

I 

in less energy consumption and makes 
the AEXS uitable for incorporation into 
manufacturing, inspection, and quality 
control proce es. 

The figure schematically depicts a lab­
oratory prototype of a portable AEXS 
instrument. Electron are generated, 
accelerated, and focused by a commer­
cially available electron gun within an 
evacuated enclosure. The vacuum is iso­
lated from the ambient atmo phere by 
an electron-OdIlsparent membrane. The 
membrane i microfabricated from low­
atomic-number materials such as silicon 
nitride, boron nitride, or diamond. 
Active pumping of the electron column 
again t leaks and diffusion of air 
through the membrane can be achieved 
by an ion pump. 

The electron beam passes through the 
membrane and travels a short distance 
to the specimen surface. The electrons 
impinge on the surface, exciting x rays 
at wavelengths characteristic of surface 
elements. The x rays are detected by a 
thermoelectrically cooled silicon posi-

tive/ in trinsic/ n ega­
tive (PIN) photodi­
ode. The ignal 

lyzer. The output of the multichannel 
analyzer is an x-ra spectrum that can be 
analyzed to determine the elemental 
compo ition of the surface. 

The instrument is de igned to be pow­
ered by a battery. The high voltage (30 
kV) for the electron gun i generated by 
a miniature voltage multiplier circuit. 
Instrument control electronics are 
required to operate the electron gun, 
ion pump, x-ray detector, and analyzer. 
The spectrum from the multichannel 
analyzer is routed through a serial inter­
face to a computer. 

This work was done by Jason Feldman, 
Thomas George, and Jaroslava Wilcox of 
Calteeh for NASA's Jet Propulsion 
Laboratory. For further information, access 
the Technical Support Pack.age (TSP) free on­
line at www.nasatech.com under the 
Physical Sciences category. 

In accordance with Public Law 96-51 7, 
the contract01' has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 

Technology Reporting Office 

JPL 
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An Atmospheric Electron X-Ray Spectrometer shown in this schematic is 
designed to be a portable instrument that can be brought to a specimen sur­
face. After operation of about a minute, it can give information on the ele­
mental composition of the specimen surface. The dimensions of the instru­
ment in its final form are expected to be about 4 by 8 by 14 in. (about 10 by 
20 by 36 cm). 
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CO MU I~ ONS 

Microstrip Patch 
Rectenna With High 
Output Voltage 
Output voltage is maximized 
by use of dual polarization 
and series de connections. 
NASA's Jet Propulsion Laboratory, 
Pasadena, California 

A prototype dual-polarization micro­
strip patch rectenna dimensioned for an 
operating frequency of 8.51 GHz has been 
built to demonstrate a design concept for 
obtaining maximum output voltage from 
a rectenna of a given size. This rectenna 
contains nine square microstrip patch 
antenna elements in a square array. The 
antenna can utilize incident radiation 
with polarization components parallel to 
either or both sides of the square because 
the circuitry under each patch includes 
two independent rectifiers - one for each 
polarization component. The dc output 
terminals of the two rectifiers under each 
patch are connected in series, and the 
series rectifier pairs of all patches are con­
nected in series. Consequently, the maxi­
mum output voltage (obtainable in the 
special case of circularly polarized inci­
dent radiation) can be 18 times that gen­
erated by a single-rectifier, single-polariza­
tion patch element. 

Each microstrip patch antenna ele­
ment is supported over a ground plane 
by a layer of lightweight foam with a low 
(1.07) permittivity. Microstrip feed cir­
cuitry, rectifier diodes, and de conduc­
tors that collect the output power are 
located below the ground plane. 
Microwave energy i coupled from the 
antenna elements to the feed circuitry 
through apertures or coupling slots. 
Except for this aperture coupling. the 
antenna and the microstrip feed circuitry 
are divorced [Tom each other. 

The placement of the feed and rectifier 
circuitry below the ground plane makes it 
possible to isolate the rectifier circuitry 
from direct exposure to the incident 
microwave energy and thus prevents spu­
rious coupling of microwave energy onto 
the dc conductors. The ground plane also 
prevents the direct reradiation of the har­
monics that are generated by the diodes as 
unavoidable byproducts of rectification. A 
micros trip line filter is used to prevent 
radiation back through the aperture feed. 
Yet another advantage of mounting the 
rectifier circuitry below the ground plane 
is that the ground plane serves as an effec­
tive thermal sink for the diodes. The 
ground plane is not a single conductive 
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plane but, rather, an arra of dc-i olated, 
capacitivel '-Coupled islands regi tered 
with the overlying antenna patche . The 
capacitive coupling is effected b a thin 
layer of copper-coated polyimide. The dc 
i olation of the ground-plane i lands in 
conjunction with the orthogonality of 
the layout make it po ible to use the e 
i lands as parts of the erie -connected 
dc output circuitry. 

In te ts at an optimized load re istance 
of 5.4 ill, the rectenna was found to 
function with an overall energy-conver­
ion efficiency exceeding 52 percent over 

a large range of incident power den itie , 
with a peak of 53 percent at a power den-
ity of 3 .8 mW/ cm2

• The re ults of the 
te ts also howed that a target output 

potential of 50 dc can be achieved at a 
power den ity of25.2 mW/ cm2

. 

This work was doTlL l7y Lan] Epp and Alxiur 
Khan of Caltech for NASA's Jet Propulsion 
Laboratory. For fu.rlherinfonrwtwn, access the 
Technical upport Packn.ge (TSP) free on-line at 
www.nasatech.com under the Electronic 
Comporumts and ~' leIns category. 

In acccmiance with Public Law 96-517, 
the contractor has elected to retain title to this 
inventwn. Inquiries concerning rights for its 
commercial use hould be addre sed to 
Technology Reporting OffICe, ]PL, Mail top 
122-116, 4800 Oak Grove Drive, Pasadena, 
CA 91109, (81 ) 354-2240. 

Refer to NP0-20641, volume and number 
of this ASA Tech Brief is ue, and the 
page number. 

Acoustic Navigation Aid for tb 
Autonomous Miners 
Sensor registers the distance from adjacent parallel tunnels. 

Army Research L aboratory, Adelphi, Maryland 

Miner today use externally powered 
machine designed to be used by a single 
operator, the autonomous miner. Many 
companies offer computer-operated min­
ing equipment that can be u ed for both 
high wall and underground application . 
Programmable logic controls with ring 
laser gyro cope and inclinometers are 
utilized to enable miner to follow pre­
scribed path in a coal eam with accura­
cy. Becau e of this technology, miners may 
be po itioned in nonhazardou locations 
as they teer the mining equipment. 

After a single tunnel has been dug 
through the coal eam, however, the oper­
ator needs to dig another tunnel parallel 
to the first while maintaining a certain wall 
thickne s to upport the mine. Although 
sophisticated electronic equipment aids 
miners, they may nonethele creep edge­
wise. This can lead to the coal walls becom­
ing too thin and ultimately collap ing. 

An acoustic system was developed at 
the Army Re earch Laboratory (ARL) to 

improve the navigational abilitie of 
autonomous mini system b allowing 
the miner to sustain a pre cribed ide­
wall thickness while excavating adjacent 
to other tunnels. Better control of the 
structural tability of the mine ite can be 
maintained and more coal can be 
mined. The technology al 0 allows coal 
to be distingui hed from other elements 
such as rock, clay, and water 0 that the 
miner is more efficient. 

ARL' technology is essentially a sen or 
that will enhance tate-of-the-art mining 
equipment. It easily can be incorporated 
into existing y tern . The technology 

www.nasalech.com 

will equip miners with a sound naviga­
tion and ranging, or onar-Iike, tem 
comprising one or more acou tic tran -
ducers for sending and receivi ng 
acou tic ignal, and a proce or that i 
u ed to determine the wall thicknes as 
the miner dig coal . The sonar head, a 
ceramic tran ducer, and some as ociated 
electronics are placed on a retractable 
isolation arm 0 that they may be quickly 
positioned again t the coal wall for oper­
ation. A short pulse of ound is projected 
into the coal sidewall in a narrow beam 
by placing a vibrating tran ducer olidly 
again t the wall. The length of time it 
take the ound to bounce back indicate 
the thickne s of the coal wall . If the 
ound is returned too quickly, the miner 

i too close to the next tunnel. 
If, for example, the interior wall of 

another tunnel is approximately five feet 
away, the ound will be trongly reflected 
because of the large impedance mismatch 
of ouod propagation through air and 
coal. The ouod wave will anive back at 
the transducer in approximately 0.67 mil­
lisecond, and the transducer will now be 
reversed from the transit mode to the 
receiving mode. Feedback from ARL's 
sen or tie into the computer controls of 
existing mining equipment to help miners 
teer in the appropriate direction. 

This work was done at the Army Research 
Laboratory. For more information, please con­
tact Ms. orma Cammarata, ARL's 
Technology Transfer Officer; at 2800 Powder 
Mill Rd., AM ElL-CS-IT, Adelphi, MD 
20783-1197; (301) 394-2952; fax: (301) 
394-5818; e-mail: normac@arLmiL 
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Multiplexer and Demultiplexer Chipset 
Vitesse Semiconductor Corp., Camarillo, CA, releases the 

C8l7S 16:1 multiplexer and VSC8174 1:16 demultiplexer fea­
turing a 10 Gbs/s chip et. The company says they have the 10\,~ 
esL power di ipation available today, minimizing heatsink, air­
flow, and power supply requirements. Vitesse recommends Lhe 
chipset for telecommunication, dense wavelength multiplexing 
(DWDM) , undersea transmission and test equipment. The 
VSC8ln model integrates a clock output that can be used to 
veriJY jitter performance during operation, ensuring SONET 
compliance. The companion chip, the VSC8174 demultiplexer, 

incorporates the clock and data recovery functions. Both models operate on Lhe standard SONET line 
rates of 9.953 and 10.66 Gbs/s, allowing Lhe use of forward error correction in the data transmission with­
out changing devices or boards. 

For More Information Orel. No. 751 

1/0 Module 
MO, 

1" 1"'lJo<.V"'J. as an accessory to the 
PPC2OOO, a programmable, multi­
loop proportional integral deriva­
tive controller enhanced with 
hardware and firmware features. 
The 2040 card allows users to indi­

vidually configure each of the 321/0 points as either 
an input or an output. It also enables users LO achieve 
control over clifficult processes, to interface temper­
ature readings to chan recorders, and/or to control 
set points from external devices. Up to twO inputs 
can read high~peed pulse signals, allowing users to 

adjust the I/O balan"ce of Lhe module to meet the 
requirements of eacb application. 

For MOn! Inf:irnatlon Circl. No.753 

. :)Switching Regulators 
-""Seiko Instruments, Torrance, 

CA, introduces Lhe 5-8330 
series, the first family of 
switching regulators, which 
can be adjusted with an 8--bit 

digital signal from a microprocessor or other control 
unit. Seiko believes this feature makes the series fil­
ting as a bias generator for dot-matrix liquid crystal 
display graphics, power supplies for portable eqttip­
ment sucb as pagers, handheld calculators, remote 
controllers, and constant voltage power supplies for 
cameras, video eqttipment and communications 
equipment. The series delivers digitally controlled 
output voltages from 8 to 30 V over a wide range of 
input voltages from 9 ~own to 2 V. 

For More InfOrmation Orele No. 756 

Secure Digital 
Memory Card 
Connectors 
AVX Corporation, 
Myrtle Beach, SC, 
releases a family of 

connectors Lhat offer 
integral card detect write protect. Designated 
the 5638 Series, the connectors feature a oine<on­
tact configuration with SMT tails located within the 
connector body to save PCB real estate. The connec­
tors offer a current rating of 0_5 A per pin and rated 
voltage of 5 V with dielectric withstanding voltage of 
500 V rms/min. All parts are surface-mountable and 
compatible with automated assembly equipment. 
The series includes low profile and narrow width 
options, with optional card eject features. 

For More Inform;otlon Orela No . 759 

14a 

A pneumatic loaded 
board fixture from 
Everett Charles Tech­
nologies, Pomona, CA. 
has been added to its 
Test Fixture product 

line. The pneumatic fIXture is being initially offered 
for use on HP3070 testers. The company says that the 
pneumatic cylinders provide low maintenance and 
reliable performance for high-volume man ufactur­
ing environments. Features include adjustable cylin­
der actuation for control and smooth actuation, 
allowing fine pitch test and flexibility for dual stage 
and stabbing reqttirements. 

For More Inf<>rn14tion Circle No. 754 

Data Acquisition 
Systems 
UDAST" universal serial 
bus (USB) data acqttisi­
tion systems from 
In telligent Instrumen­

tation, Thcson, AZ, provide an alternative to plug-in 
PC data acquisition boards. UDAS models utilize the 
USB, which offers hot~ppable and true plug-and­
play configuration and operation. USB 1/0 systems 
can be utilized for automated test and measurement, 
data logging, temperature measurement, laboratory 
automation, portable data acquisition, production 
test, electronics test, and research and development. 
The systems can be configured for 16-single­
ended/8--differentialI2-bit analog input channels. 

For More Information Circle No.757 

Synchronous Clock Module 
Raltroo Electronics Corp., Miami, 
FL, introduces the Stratum-3 syn­
chronous clock module for clock­
network synchronization and 
wireless communication systems. 
Raltron says that the Model SY-

0001 Stratum-3 clock module is a semicustom subsys­
tem that offloads costly design engineering tasks and 
offers a turnkey solution to many complex chal­
lenges of communication systems design. The SY-
0001 module features its own Strarum-3 oven<on­
trolled crystal oscillator, two independent inputs of 
any reference frequency from 8 kHz to 77.76 MHz, 
and a digital signal processor phase-locked loop with 
bandwidth of 0.1 Hz that eliminates jitter in any 
incoming signal 

For More Information Orele No. 760 

www.nasatech.com 

Low-Voltage 
Universal Bus 
Transceiver 
Fairchild Semiconductor 
International's Interface 
and Logic Group, South 

Portland, ME, has added the 74LVTHI6500 to its 
low-voltage transceiver portfolio. The device is an 18-­
bit universal bus transceiver with tri~tate outputs, 
and can be used for driving applications such as 
backplanes, memory arrays, telecom switches and 
networking applications. The company says that this 
addition gives engineers an easy socket replacement 
when transitioning from 5-V advanced BiCMOS tech­
nology to ~V systems. It also offers designers high 
speed (3.7 nanoseconds max at 3.~V Vee) and input 
and outpu interface capability to 5-V Vee systems. 

Far M ..... Information On:le No. 752 

Second 
Generation 
STripFETTM devices 
STMicroelectronics, 
Lexington. MA, intro­
duces the NF series, its 
second generation of 

STripFET'" devices, to complement its NE series. 
According to the company, the new devices offer 
lower on-resistance values and reduced gate charge 
to be achieved at highly competitive cost, maldng 
them sttitable for use in motherboards, mobile 
phones, laptop energy management systems, UPS 
and DC motor controls. The NF series initially com­
prises over 70 devices housed in a variety of through­
hole and surface mount packages. 

Information Circle No.755 

Engineering 
Spreadsheet 
The DADiSP /2000 
engineering spread­
sheet from DSP De­
velopment Corp., New­
roD, ~ contains an 

updated graphical user interface, connectivity sup­
pon with ActiveX. real-time analysis and plOlting capa­
bility, and a sizable increase in the library of more 
than 1,000 mathematical, engineering and scientific 
functions. The company says that DADiSP /2000 pro­
vides users with a more familiar and productive analy­
sis environment by tightly integrating standard but­
tons, property sheets, tabbed dialog boxes, qttick 
menus, and enhanced custom menus. 

For More Information Orele No. 758 

Digital Signal Processor 
Radstone Technology, Montvale, 
l'{/, introduces the VANTEGRA-2 
digital signal processor (DSP) 
series, its latest generation of 
the VERSA-module Eurocard 
(VME) DSP board family based 
on the 600 megaflops ADSP-

21160 SHARC® DSP from Analog Devices. With 12 
ADSP-21160 DSPs in a single VME slot, the VANJ'E.. 
GRA-2 provides 7.2 gigaflops and is designed for 
multi-DSP applications such as radar, sonar and 
image processing. The VANTEGRA-2 link pon archi­
tecture is optimized for efficient parallel processing 
and, via interboard link port connections, enables a 
system comprising multiple VANTEGRA-2s to pro­
vide extensive processing power. 

For More Information Orcle No. 761 
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iii Manufacturing/Fabrication 

51 Gap Welding Preforms 
Ribbon RF connections could be made with greater consistency. 

Goddard Space Flight Center, Greenbelt, Maryland 

Small, temporary, dispo able in erts, 
called "gap welding preforms," have 
been propo ed for use in attaching elec­
trically conductive ribbons to radio-fre­
quency (RF) electronic circuits. As ex­
plained below, the use of gap welding 
preforms would help to ensure consis­
tency of the ribbon connections and 

. would reduce the time necessary for 
making the connections. 

In the situation that inspired the 
proposal, gold ribbons 0.025 in. (0.64 
mm) wide and 0.001 in. (0.025 mm) 
thick must be formed and attached to 
RF circuiLry under a micro cope up to 
0.6 in. (15 mm) deep into RF hous­
ings. A ribbon must be manually held 
in place and formed to the required 
strain-relief arch between connection 
points by use of tweezers and other 
small tools, according to the best 
judgement of a technician. The ribbon 
is attached by u e of a gap welding ma­
chine that includes small probes for 
placing welds. The technician's view of 
the ribbon through the microscope 
can be limited, especially inasmuch as 
side viewing is usually not possible. 
Sometimes, this difficult forming-and­
attachment procedure inadvertently 
re ults in exce sive strain-relief arch, 
which can degrade the RF signal and 

thu make it neces ary to rework the 
connection. 

A gap welding preform would be 
made of a material that could hold a 
predetermined sbape and could be eas­
ily removed after use without causing 
any deterioration of the welded ribbon 
or the surrounding material. For exam­
ple, a gap welding preform could be 
made of a thickened acrylic compound 
similar to that used for conformal coat­
ing of circuit boards. Thickeners and 
olidifiers could be mixed into the ma­

terial to facilitate extrusion into various 
predetermined shapes. A gap welding 
preform for a given application would 
be haped so that a ribbon laid on it 
during a forming-and-attachment pro­
cedure would end up shaped in the 
strain-relief arch required for that 
application. 

The steps in the use of a gap welding 
preform would be the following: 
1. The preform would be cut to a length 

greater than the width of the ribbon 
to be attached. 

2. The preform would be placed be­
tween the connection poinlS in the 
circuit path. 

3. The ribbon would be formed over the 
preform (see figure) and one end of 
the ribbon would be welded in place. 

The Preform Is Placed in the Gap between contact points to which the ends of the ribbon are to be 
welded. The ribbon is shaped to the desired strain-relief arch by bending it on the preform. 
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4. The ribbon would be examined to de­
termine whether it was in the desired 
shape and, if nOl, would be reformed 
as necessary. 

5. The ribbon would be welded in place 
at the end not previously welded. 

6. The preform would be dis olved by 
a suitable solvent (e.g., alcohol) and 
the ribbon connection would be in­
spected. The use of dissolution (in­
stead of another method) to remove 
the preform would eliminate the 
risk of tearing the welded ribbon, 
reduce the time needed to remove 
the preform, and reduce the time 
needed for inspection. 
This work was done by Richard F Davis 

and Mark. A. Hillyer of Hughes Electronics 
Corp. for Goddard Space Flight Center. 
GSC-14103 
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@ Microfabricated High-Q Optical Resonators for Microphotonics 
Ultra-high-Q micro cavities would be mass-produced and integrated by techniques adapted from 
microelectronics. 

'ASA s Jet Propulsion Laboratory, Pa adena California 

ubmillimeter-sized, tran -
Nominal Trajectory of Ught in parent, solid, truncated 

phere and ellip oids for 
use as optical re onators in 
integrated microphotonic 
device would be made by 
rnicrofabrication techniques 
like those used in the elec­
tronic industry to make in­
tegrated circuits, according 
to a proposal. Such re­

~ __ m_~ E;i====~""~¥~~;~ 
Mode Profile 

CYLlNDRtCAL PREFORM PREFORM AFTER ARST STEP OF SHAPtNG FtNISHED RESONATOR 

An Ellipsoidal Optical Resonator would be fabricated by micromachining. starting from a preform of fused silica or 
other highly-transparent material. 

onators, heretofore denoted generally as "rnicrospheres," have 
been de cribed in several recent articles in NASA Tech Briefs. In 
a microsphere, resonance i achieved through glancing-inci­
dence total internal reflection in one or more "whi pering­
gallery" modes, in which the ligh t propagates in equatorial 
plane near the urface, with an integer number of wave­
lengths along a nominal closed circumferential trajectory. If 
the urface of the resonator is sufficiently smooth and a uffi-
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ciently close approximation of a sphere or ellipsoid, then in 
principle, the resonance quality factor (Q) i limited only by at­
tenuation in the resonator material; for a micro phere made of 
fu ed ilica, this translate to a potential to obtain Q ~ l O\O. 

Heretofore, microsphere have been fabricated manually, in 
small numbers, for u e in laboratory experiments. The pro­
posal regarding adaptation of microfabrication techniques i 
prompted by a desire to obtain mass-producibility of uch res­
onator with reproducibility of design, plus a capability for in­
tegration of the re onator with other photonic devices. 

A typical fabrication equence according to the proposal ( ee 
figure) would begin with preparation of a circular cylindrical 
di k preform of the resonator material, with a diameter be­
tween 100 and 200 pm and an axial thicknes of 20 to 40 )l m. 
Chamfers would be introduced at the top and bottom edge, 
and the re ulting edges would be chamfered further, 0 that the 
original cylindrical surface would be made to evolve toward an 
ellipsoid. This shaping would be accomplished in a equence of 
tep that could include a combination of thermal and me­

chanical treatments. Alternatively, shaping could involve wet 
and/ or dry etching, ion milling, laser-as i ted etching, chemi­
cal-assisted ion-beam etching, and/ or other processes. 

In the fmal step of fabrication, the remaining edges would 
be rounded and the ellipsoidal urface smootlled to minimize 
roughnes and thereby reduce the scattering 10 s of light. Final 
treatment could include radiative heating to fire-polish the ur­
face to reduce the urface roughne to the ubnanometer 
level (in effect, the molecular level). 

The finished re onator would have an ellipsoidal surface 
near the plane of symmetry. Becau e of the nearly Gaus ian 
falloff of the whispering-gallery mode away from their local­
ization near the ymmetry plane, the truncated ellip oid would 
be electromagnetically indi tinguishable from a full ellip oid. 
Consequently, flat border urface couLd be u ed for mounting 
or heat-sinking without adver e effect on the performance of 
the optical cavity. 

This work was done by Vladimir fltchenko and Chi Wu of Caltech 
for NASA's Jet Propulsion Laboratory. For further infonnation, 
access the Technical Support Package (T. P) free orvline at 
www.nasatech.com under the Physical Sciences category. 
NPO-20604 
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' Knowledge-Based Software for 
Generating and Changing Plans 
Effects of changes in requirements and resources are 
automatically taken into account. 
Lyndon B. Johnson Space Center, Houston, Texas 

A methodology of computer-aided 
planning has been developed to (l) ac­
celerate the generation of plans for ac­
tivities within complex systems of per­
sonnel and equipment; (2) increase 
the quality of the plans thus generated; 
and (3) decrease the difficulty of pre­
dicting and responding to the effects of 
changes in plan, requirements, re­
sources, and/or other constraints. 
Originally intended for application to 

planning of mi ion of the space shut­
tle and other spacecraft, the methodol­
ogy could also be applied to strategic 
business planning, management of 
projects, general scheduling, and plan­
ning of manufacturing processes and 
systems. 

Graphical Resource View 

The three principal components of 
the methodology are (1) an ontology of 
mission planning; (2) knowledge-based 
algorithm and conceptual (including 
mathematical) models for the analysis of 
plans; and (3) the Knowledge Aided 
Mission Planning Sy tem (KAMPS) com­
puter program, which embodies the on­
tology, algorithms, and models. The 
KAMPS software implements a struc­
tured method for planning and re-plan­
ning. The KAMPS planning method in­
volves (1) a template-based approach LO 

the generation of plans; (2) representa­
tion, from alternate perspectives, of 
knowledge aboUl plans, application of 
plans, and maintenance of plan; and 
(3) qualitative and quantitative analysis 

Graphical User Interface 
Graphical Activity View Graphical Product View 

! 
Scheduler Analyzer of Effects and Designs 

Reasoner 

Analyzer of Effects of Delays Resource Allocator 

Data Retriever Data Updater 

Information Manager 

Consistency Checker Auto Updater 

The KAMPS Software is divided into four modules, each of which performs a different set of 
functions. 
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of plans for prediction of the effects of 
change. 

The ontology and an as ociated theo­
retical framework were developed to en­
able detailed characterization of the 
world for the purpo e of performing 
mi ion planning in thi domain. The 
ontology and framework provide a con­
ceptual foundation for knowledge­
based creation. maintenance. and analy-
i of plan. The development of the 

ontology included the characterization 
of the key entities involved in the mi -
ion-planning proce • and of the rela­

tion hip and con traints that govern 
the behavior of tho e entities. This de­
velopment effort re ulted in a charac­
terization of the ontology and the pro­
duction of information model and 
proce model for the mi ion-plan­
ning domain . 

KAMP provide means for captur­
ing the information that pertain to the 
flight-de ign proce • reasoning with 
thi information to a i t in developing 
plan • and to a ist in the analy is of the 
effects of plan and of change . KAMPS 
i based on a very clear and uccinct 
modeling paradigm in which all of the 
information is managed in three view : 
product-centered. activity centered. 
and resource-centered. The concepts 
that occur in each of the e views and 
the relationships among the various 
concepts were tudied and are imple­
mented in KAMPS. The u e of KAMP 
for the flight-design proce s is ex­
pected to encourage the user to per­
form modeling and de ign according 

to the b t practice and re earch con­
vention • which have been incorpo­
rated into KAMP . 

KAMP incorporate a rich library of 
qualitative and quantitative conceptual 
model for predicting the effects of 
change . Temporal effects are included 
in quantitative predictions; effects on 
value , proce e . inputs. and outputs 
are included in qualitative prediction . 

KAMP facilitate modeling of prod­
ucts and activitie at multiple levels of 
abstraction. KAMP al 0 supports plan­
ning and reasoning at multiple level : 
For example, upper managers can u e 
KAMP to do planning at a relatively ab­
stract level, whereas middle managers 
can us KAMP to perform planning at 
a more detailed level. 

Once experience with KAMP re ults 
in the accumulation of ufficient perti­
nent information about flights and tem­
plate , it hould be po ible to u e 
KAMP as mean to provide detailed in­
formation on the flight-design proce s 
that is detailed, standardized. and more 
complete than the information in the 
flight-de ign handbook used heretofore 
for training. In compari on with the 
handbook. KAMPS pre ents relevant in­
formation in ways that are more interac­
tive, modular. and graphical . Thus, 
KAMPS can serve as both a means to 
document the ASA flight-de ign 
proce and as a tool for training. 

This work was done by Benjamin Perakath 
and Blinn TIwmas of Knowledge Based Sys­
tems, Inc., fur Johnson Space Center. 
MSC-22830 

OElectronic Time-Card System 
John F. Kennedy Space Center, Florida 

A computer-based automated system 
has been developed to replace a cumber­
orne and error-prone paper-based sys­

tem for recording employee ' work times. 
The automated sy tern minimizes the 
con umption of paper and eliminate the 
need for weekly pick-up and delivery of 
time heets throughout the Kennedy 
pace Center. The computer-based sys­

tem simplifies daily entry of times by em­
ployees. who elect jobs worked from lists 
provided by upervisor . Employees 
" ign" their "time cards" electronically at 
the end of each week. upervisors can re­
view employees' electronic time cards 
daily and can ign the time cards of em­
ployees under their supervision at the 
end of each week. all electronically. The 
system accommodate reassignment of 
employees to different departments or 
supervisors. as well as replacement of u-

www.nasatech.com 

pervi ors who call in sick. The system oft­
ware automatically enforces rules that 
control the proce ing of time-sheet, pay­
roll. and project data, including rules on 
who can charge how much time to which 
account. The electronic-time-card ystem 
was compiled using VISual Basic incorpo­
rating SQL server. 

This work was done by James W. Thorpe, 
James P. Williams, Larry D. Jewell, Doris L. 
Bailey, Debra S. Blum, and Shirley R Curry 
furmerly of EG&G Flurida, Inc., f ur 
Kennedy Space Center. 

Inquiries concerning rights fur the commer­
cial use of this invention should be addressed 
to Lew Parish, Technology Counselor, 
Kennedy Space Center, (321) 867-6373. 
Ref er to KSC-12051 . 
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~ Improved Unidirectional Cell-Stretching Device 
Cells can be stretched controllably, without removing them from a culture medium. 
Lyndon B. Johnson Space Center, Houston, Texas 

An improved stretching device has 
been developed for use in research on 
the effects of unidirectional loading on 
human and animal cells. The device is 
capable of applying or removing a load 
(a controlled amount of stretch) on 
command to mimic the loading or un­
loading experienced by skeletal muscles 
and other tissues of interest. 

This device is designed to overcome the 
deficiencies of three cell-stretching de­
vices that were commercially available at 
the time of reporting the information for 
this article. In the present device as in the 
commercial devices, a cell culture is 
grown on a coated sheet of silicone rub­
ber that is immersed in a culture medium 
and the sheet is stretched to apply the de-

Functioning Prototype Design 

Rigid Plastic 

,J!:\ 
I Silicone· Rubber 

Strip 

Silicone-Rubber Strip Coaled With an 
Extracellular Matrix Material 

Ram Arm 

sired load. One of the commercial devices 
can apply the load only in discrete steps 
and must be removed from the culture 
medium to change to a different load 
step. The other two commercial devices 
contain circular silicone membranes that 
are deformed in such ways that the result­
ing stretches include radial components 
and are thus not the desired unidirec­
tional stretches. The present device need 
not be removed from the culture medium 
and produces a continuously adjustable, 
truly unidirectional stretch. 

The silicone rubber sheets in the pre­
sent device are in the form of rectangu­
lar strips coated with an extracellular ma­
trix compound (Le., collagen Type I) . 
The strips are arranged parallel to each 
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Plug 

Culture 
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Pump 

Reservoir (Sealed 
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This Unidirectional Cell Stretcher incorporates several improvements over commercially available cell 
stretchers. 
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other with their long axes laid out along 
the axis of a round cylindrical ram (see 
figure) . By use of removable pins, the 
ends of the strips are attached to the 
ends of the ram at equal circumferential 
intervals. This design makes it possible to 
grow cells on the strips in standard tissue 
culture plates to the required cell density 
or differentiation state before placing 
the strip in the cell stretcher. This design 
also offers the advantage of ease of re­
moval of the cells for examination at the 
end of the stretching procedure. 

The ram assembly with the strips at­
tached is inserted in a tissue-culture ves­
sel that contains a culture medium. The 
stretching actuator in the ram is a 
sealed-chamber piston. Stretching along 
the cylindrical axis is effected by injec­
tion of a sterile fluid into the sealed 
chamber by use of a pump controlled by 
a microprocessor. (The pump is situated 
outside the culture vessel.) Reversal of 
the injection flow results in a decrease in 
the amount of stretch. The rate of 
stretching or unstretching is controlled 
by controlling the rate of flow. 

According to a proposed alternative 
design of this device, the ram would be 
advanced by a screw drive actuated by a 
microprocessor-controlled stepping mo­
tor. According to another proposed al­
ternative design, the cell stretcher would 
be built into a tissue-culture vessel that 
would include a heater, a temperature 
sensor, ports for exchange and/ or sam­
pling of the culture medium, a pon for 
infusion of gas, a pressure ensor, gas 
sensors, and optical ports for observation 
of cells during the loading procedure. 

This work was done by Daniel L. Feeback 
of Johnson Space Center and Mark S. F 
Clarke of LM ational Research Council. For 
further information, access the Technical 
Support Package (TSP) free on-line at 
www.na.satech.rom under the Bio-Medical 
category. 

This invention is owned by NASA, and a 
patent application has been filed. InquiriM 
concerning nonexclusive OT exclusive license 
for its commercial development should be ad­
dressed to the Patent Counsel, Johnson Space 
Center; (281) 483-0837. Refer to MSC-
22834. 
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BOXLIGHT 
XO-9 M 
ULTRA 
COMPACT 

At 4. lbs. and 1000 AN I lumens, the 
XD-9m projector can dazzle audience 
in any environment. All BOXLIGHT 
projectors have a 3O-day money-back 
guarantee, two-year parts and labor 
warranty, and free lifetime 24-hour tech­
nical upport. BOXLIGHT offers a full 
line of projectors and accessories. Learn 
more about BOXLIGHT's commitment 
to pre entation excellence by visi ting 
www.boxlight.com/ manufacturing or by 
calling 1-800-863-6315. 

. BOXLIGHl: 
•• Presenting a Better Way 

Are You 
an INSIDER? 

Sub cribe today to NTB INSIDER, 
the FREE e-mail newsletter for 

NASA Tech Briefs readers. 

Twice each month, the INSIDER will 
bring you exc1u ive preview of upcoming 

briefs and article in NASA Tech Briefs, 
advance notice of online and trade show 
opportunities, and ASA/ industry news 

you won ' t find elsewhere. 

Subscribe online at www.nasatech.com 

- Apparatus Measures Attachment or 
Detachment of BioIllm 
Efficacy of a biocide can be assessed quantitatively. 

Lyndon B. Johnson ;pace Center, Houston, Texas 
Figure 1 chematically illu trate a lab­

oratory apparatus that provides quanti­
tative information on the den ity and on 
the rate of increase (or decrease) of den­
ity at which bacteria attach them elves 

to olid surfaces in a potable-water- up­
ply ystem. The e biofilms are poten­
tially pathogenic and/ or phytotoxic and 
can adversely affect proces ing of the 
water under some circwnstance . The 
apparatus was devised to as ess the abili­
ties of biocide chemicals in water to sup­
press the biofilrns in potable-water sub­
systems within closed life-support systems 
of spacecraft, but may also be adaptable 
to similar investigations of biofilms in 
terrestrial water supplies. 

The apparatus implements a recently 
developed method of automated image 
analysis for continuous, real-time moni­
toring of attachment of microbes to (or 
detachment of microbes from) a sur­
face of interest that is immer ed in 
water containing the microbes and 
chemical( ) to be investigated. The ur­
face of interest is located in a flow­
chamber/ optical-cell (FOC) , which is a 
modified fungal-growth chamber with 
interior dimensions of 30 by 5 by 2 mm. 
Monitoring is performed by use of a 
video camera mounted on a micro-

Source of 
Water Containing f- ____ _ 

scope that is focu sed on the urface of 
intere t. 

Water i recirculated through the 
FOe at a rate of 9.8 mL/ min by a high-
peed micropump. The pump produces 

a pul ating flow; the pulses are damped 
by a device of I-mL volume up tream of 
the FOe. The influent and effluent 
tubes are positioned to achieve turbu­
lent flow in the middle of the FOe, 
where the monitored surface is located. 

The video image of the monitored 
surface are preprocessed into binary im­
ages. Then a frame grabber grabs two 
successive images and stores an average 
of them on an optical disk. The averaged 
image is processed to extract information 
on the number and total area of objects 
(attached bacteria) in the field of view. 
This process can be repeated at intervals, 
yielding cell counts that can be plotted as 
a function of time, to determine rates of 
attachment and/or detachment. 

In a typical experiment, water con­
taining a suspension of microbes is first 
circulated through the FOe for 18 to 24 
hours, during which time some mi­
crobes attach themselves. Images are an­
alyzed during this time to acquire data 
on the rate and density of attachment. 
Then the FOe and its recirculation loop 

Suspension of 1 

Microbes :,~ 
/ . 

1 • Source of 1 
Water Containing __ __ _ I Pump 

Suspension of 
Biocide 

Pulse 
Dampener 

Waste Tank, 16 L 

Deionized 
Water, 16 L 

rP-To Image-Processing 

"_ ~ E""pm'"' 

Figure 1. The Microscope and Video Camera generate images of water-borne microbes that 
have attached themselves to a solid surface. The images are digitized and processed to yield 
cell counts as a function of time. 
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Figure 2. These Plots of Cell Counts Versus Time were obtained in an experiment in which the mi­
crobes were Pseudomonas eepacia. 

with the high- peed micropump are iso­
lated from the source of the cell us­
pension and washed with 300 mL of 
deionized water. ext, water contammg 
the biocide to be te ted i pumped inLO 
the FOC and recirculated through the 
FOC for 5 to 6 hours, during which time 
more images are analyzed and data col­
lected. This is foUowed by another wash 
cycle, which is followed by another cycle 
of recirculation of the cell suspension 
and analysi of images, to measure the 
rale and degree of attachment on the 
urface of interest after the treatment 

with the biocide (see figure) . Images 
are acquired at a frequency of at least 
once an hour, to measure the rate of at­
tachment, and at least once every 20 
minutes, to evaluate the effect of the 
biocide on the size of microbes and on 
the rate of detachment. 

This work was done by Duane. L. Pierson 
of Johnson Space Center and David W. 
Koenig and Saroj K. Mishra of KRUG Life 
Sciences, Inc. For further infannation, access 
the Technical upport Package (TSP)free 0n­

line at www.nasatech,rom under the Bio­
Medical 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 Counse~ Johnson Space 
Center, (281) 483-0837. &fer to MSC-22679. 

, Software To Detect Malfunctions in Anesthesia Equipment 
Response times in critical situations can be reduced. 

Lyndon B. Johnson Space Center, Houston, Texas 
To reduce re ponse times and save 

lives in operating rooms, community 
trauma centers, and remote combat care 
facilities, a team of scientists working on 
behalf of Lyndon B. Johnson Space Cen­
ter U C) has developed an arUficial­
intelligence alarm-management oftware 
system that detects malfunction in 
e ophageal intubation and anesthesia 
machines. Thi ystem use CLIP [the 
C-Language Integrated Production Sys­
tem] knowledge-based rule derived 
from real-time data supplied by a sheep 
model. Although this S) tem is one of 
everaJ current aJarm-management soft­

ware systems, it i vastl superior to the 
commercial oftware S) terns designed to 
perform the same or imilar function . 

Commercial oftware systems of this 
type monitor faults that occur above or 
below preset thresholds. Thre hold et­
tings may vary, but the monitors are un­
able to detect faults "intelligently. n 

They are, in effect, hampered by preset 

NASA Tech Briefs, Augusl 2000 

value and can mistake thre hold issues 
for life-endangering malfunctions. Be­
cause of this possibility of en-or, an 
alarm must always be treated as a eri­
ou matter, whether or not there is a 
malfunction. In an operating room, 
when an alarm warns of a po sible mal­
function, the urgical procedure can 
be di rupted. Without intelligent oft­
ware already in place, surgical team 
members must verify that a malfunc­
tion has indeed occun-ed, or will occur, 
thus increasing both their own re­
sponse time and the ri k to the patient. 
A change i needed. 

An artificial-intelligence oftware sys­
tem that can detect and define faults ac­
curately while it monitors patients on 
e ophageal intubation and ane thesia 
machines would decrease re pon e 
time and reduce risks to patients. 
CLIPS, the artificial-intelligence soft­
ware designed at jSC, i a decision-sup­
port tool that can effect this change be-

www.nasalech.com 

cause CLIPS can be taught to determine 
the parameter of machine . 

Basically, an artificial neural network 
implemented in software in a computer 
mimics the thought processes of the 
human brain. CLIPS follows pathways of 
reasoning, very like human thought 
processes, to eliminate po ibilities. To 
suppon CUPS, data are needed to design 
a program unique to the esophageal-intu­
bation and ane thesia-machine environ­
ment; it is from these data that intelligent 
software can learn. The task for the team 
of scientists was LO gather these data. For 
them, gathering data was an integral part 
of the development of the needed artifi­
cial-intelligence software system. The sci­
entists selected a heep model from which 
to elicit real-time data.; from this model, 
the team compiled clinical annotation to 
validate their oftware S) tern - aU \~ith­
out risk to human patients. 

Other artificially intelligent system 
fail to provide imilar annotations. For 
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example. one prototype imulator that 
enables users to control and monitor an 
anesthesia delivery system re emble the 
JSC software. However, because all of its 
data and faults are simulated, it lacks the 
validation of real-time data. In hort, no 
animal-model te ting was done for this 
prototype. Thus, the major limitation of 
this and other currently available sys­
tems is the impossibility of validating 
them in environments in which they can 
be u ed without interfering with normal 
routines or endangering patients. Yet 
the user-interface design is critical, and 
artificial-intelligence software can learn 
from the results of animal-model te ting. 

During the team effort, advances in 
artificial-intelligence software were ap­
plied to develop an expert system that 
could provide, to medical personnel. de­
cision support on the condition of the 
patient and tlle anesthesia machine. The 
rules of the knowledge-based domain 

were defined by data extracted from var­
ious ources, including supporting liter­
ature, medical experts, and the heep 
model. The prototype oftware that 
emerged from this proce is still in an 
early stage of de elopmen~ it will be 
tested further by users in a laboratory. 
The data generated by the sheep model 
will be analyzed and, if the analysis war­
rants, the design of the user interface 
will be modified. The inventors believe 
that more data should be collected, and 
hope to test 20 to 30 additional sheep to 
refine the quality of the expert-system 
rules being written. This would enable 
the validation of the software in real 
time to determine sen itivity and speci­
ficity in recognizing alarm conditions. 

CUPS-based software can detect mal­
functions in esophageal intubation and 
anesthesia machines becau e the soft­
ware uses the sheep model to provide 
real-time data from which knowledge-

based rules are built. Because the re­
ported malfunction will be genuine, 
thi tern will reduce re pon e times. 
The use of the real-time data from the 
heep model sets this software system 

apart from other, commercially available 
artificial-intelligence software systems of 
this type. Once the sheep model has 
been fully demonstrated, the scientists 
anticipate that tlle system will be tested 
on human patients - in a way that does 
not interfere with patient care and ad­
heres to tandard medical practices. 

This work was done Ify Todd T. Schlegel of 
Johnson Space Center and Karin C. 
Loftin of KRUG Life Sciences, Inc.; Travis A. 
Moebes of Science Applications International; 
Jurine Adolf of Lockheed Martin; Donald J 
Deyo of the University of Texas Medical 
Branch; and Jeffrey M. Feldman of the Albert 
Einstein Medical Center. 
MSC-22675 

e Device for Testing Susceptibility of Bacteria to Antibiotics 
Tests can be performed safely, easily, and quickly. 
Lyndon B. Johnson Space Center, Houston, Texas 

A compact, lightweight, device makes pensive, power-consuming equipment of in the wells, whereas susceptibility of the 
it possible to assess the effects of antibi- traditional laboratory testing. microbe to the antibiotic is indicated by 
otics on bacteria. The device safely con- The device is a modified version of a a blue color in that well. 
tains the antibiotic/bacteria mixtures, commercial test card that provides visual To initiate a test, a technician inocu-
and its operation involves minimal ancil- indications of MIC values. The card is lates the wells with a suspension of mi-
lary equipment and minimal expense of credit-card-sized, weighs less than 15 crobes that has been prepared from a 
time and effort by technicians. Originally grams, and contains 30 small reaction 24-hour culture of the species of inter-
designed for use aboard spacecraft, the wells. The reaction wells are filled with est. The inoculated device is placed in a 
device could also be mass-produced for dehydrated antibiotic substrates mixed Ziploc (or equivalent) edge-sealing plas-
use on Earth in isolated, remote environ- with the antibiotics at various levels of di- tic bag and incubated at a temperature 
ments and in situations in which auto- Iution. The modification consists of the of 35° C for 18 to 24 hours. Mter incu-
mated instrumentation is inaccessible. addition of Alamar Blue (a redox indi- bation, the device (see figure) is in-

Testing to assess the effectiveness of cator) to the mixture in the reaction spected and the colors in the wells are 
antibiotics has been made necessary by wells. This redox indicator serves as a vi- recorded. 
the emergence of resistance to antibi- sual indicator of the growth of bacteria In the original space-flight applica-
o tics in several common bacterial in the wells. Resistance of microbes to tion, two devices are inoculated and 
pathogens. Such testing is routinely per- the antibiotic in a given well is mani- bagged in a terrestrial laboratory. One 
formed in clinical laboratories by tradi- fested by a distinctive bright pink color device is transported under refrigera-
tional manual and automated ,--------.,........." .,,-------, tion at 4° C, then incubated in 
methods. An important mea- the low-gravity test environ-
sure of antibiotic effectiveness ment; another device that 
in laboratory testing is the serves as a control is similarly 
highest dilution (minimum refrigerated and incubated on 
concentration) at which the Earth. 
drug under test inhibits the This work was done by Duane 
growth of bacteria; this con-. L. Pierson of J ohnson Space 
centration is known as the Center, Joyce A. Skweres and 
minimal inhibitory concentra- Saroj K Mishra of KRUG Life 
tion (MIC). Using the present Sciences, and James H Jorgensen 
device, one can determine the of UT-Health Science. For further 
MIC of an antibiotic with re- information, access the Technical 
spect to the bacteria of inter- Support Package (TSP) free on-
est, without the complex fluid- line at www.nasatech.com under 
handling procedures and The Reaction Wells of This Device exhibit colors that were developed in a the Bia-Medical category. 
without the relatively bulky, ex- test of antibiotic substrates with Staphylococcus aureus. MSC-22658 
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-$ Special Coverage: Medical Design 

OMEGA Engineering, Stamford, cr, 
offers the PX790 Series sanitary voltage 
output pressure transducer, which uti­
lizes thin-mm technology and precision 
machining and electropolishing to meet 
3A standards. The transducer can be 
used for pharmaceutical and biotech 
applications. It features a stainless steel 
diaphragm, diffused silicone sensor 
gage, and utilizes a NEMA 4X enclosure. 

The unit has 800% range burst pres­
sure, 200% range proof pressure, and 
100M-cycle durability. Its output is 1 to 5 
Vdc unregulated, and itfeatures an oper­
ating temperature range of -20 to 1800 F. 
Units in the series feature ranges from 
va.cuum to 1000 psi. 

For More Information Circle No. 737 

TracePro® 2.1 opto-mechanical 
3D solid modeling software from 
Lambda Research Corp., Little­
ton, MA, is designed for industries 
such as biomedical and pharma­
ceutical. The software includes 
modeling of thin-film stacks, gra­
dient index materials, and tem­
perature dependence of material 

and surface properties. New features designed for medical-instru­
ment developers include the modeling of bulk scattering in biologi­
cal tissue, along with the addition of a database of bulk scatter in 
human tissue. 

The temperature feature allows users to define the index of refrac­
tion and surface properties versus temperature, and calculate the 
thermal dependence for the analysis of systems in the medical indus­
try. Enhanced thermal emission modeling allows calculation of radia­
tive heat transfer for infrared systems and modeling of blackbody and 
incande cent sources. 

For More Information Circle No. 739 

Hoffer Flow Control, Elizabeth City, 
C, offers the Nova-flow flow com­

puter, which is configurable as a rate 
indicator/totalizer, batch controUer, 
or mass-flow computer through the 
use of a system architecture. The flow 
computer has eight expansion lots 
to accommodate electronic modules, 
which provide [f0 and communica­
tion options. As a mass-flow comput­
er, the S} tern can be used with gases 

and cryogenic liquids requiring temperature, pressure, and com­
pressibility compensation. 

Configuration of the basic unit and the module are implemented 
using WindoWSo-based software, which is included with the uniL The 
unit may be configured to uppon mass flow and will accommodate 
inputs from RTD • temperature transmiuers, pressure transducers, 
and densitometers. The basic unit includes eight additional lines of 
digital I/O that are configured via software. 

For More Information Circle No. 741 

Solar Light, Philadelphia, PA, has 
introduced the PMA 2200 radiome­
ter/photometer with a range of 
NlST-traceable, high-5ensitivity detec­
tors. The systems are suitable for a 
wide range of laboratory and 
radiometry applications. With UV-B 
detectors, the radiometers are used 
for measuring biologically effective 
radiation in skin testing, photothera­
py, materials testing, and environ­
mental monitoring. With UV-C 
(254nm) detectors, the radiometer 
has application wherever gennicidal 

lamps are used. such as in cleanrooms, hospitals, and laboratories. 
The unit's front-panel keypad enables setting of zero, span, and 

user-specified parameters. A two-line, anti-glare LCD displays values 
and units. Other features include a dynamic range of 6.5 digits, a sam­
pling rate of 3 times/sec, over 30 interchangeable detectors. and RS-
232 output for data capture, analysis, and archiving. 

For More Information Circle No. 738 

The GP-KS462 Super Mi­
cro color camera mod­
ule from Panasonic In­
dustrial/Medical Group, 
Secaucus, Nj, is used 
in medical applications 

where size and performance are critical criteria. The unit measures 
5.6 x 5.6 x 5.4 mm and weighs I gram. The 0.25" color CCD produces 
480 lines of color resolution with a signal-to-noise ratio of 50 dB. The 
micro camera head is 6.7 mm in diameter and 30.3 mm in length. 

The camera head can be separated from the circuit board module 
over distances of 10 mm. Incorporating external electrode pads facil­
itates cable connection to the camera control unit up to 10 m from 
the camera. Other features include RGB digital signal processing 
(DSP), auto white balance, auto gain control, backlight level. and an 
EVR serial interface. 

For More Information Circle No. 740 

; 
\'~ 

The AxioCam digital microscope 
camera from Carl Zeiss, Thorn­
wood, NY, provides high resolu-
tion (6.7 x 6.7 pm pixel size) in 
areas such as pathology, cell 
research, genetics, neuroscience, 
materials analysis, and quality 
assurance. The camera allows 

users of light microscopes to document micro copic and macroscop­
ic exams with digital images. Features include image digitization and 
stOrage in 14 bits; no mechanical shutters, filter wheels, or fans; and 
color correction optimaUy matched to the color temperatures of the 
light sources used with the micro cope. 

The camera can be connected to a PC running on a standard 
Wmdows operating system, via high-speed fiber-optic cables, at a speed 
of 200 Mbit/sec. The camera's integration time goes from I ms to 405. 
The resolution of the image ize can be set in a range from 1300 x 
1030 pixels, to 3900 pixels, and therefore matched to the relevant 
tasks. This permits loss-free images at full microscope resolution. 

For More Information Circle No. 742 
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DATA 
ACQUISITION 
PRODUCT GUIDE 
, 'ational Instruments' Data 

cquisition Product Guide 
outline an exten ive lin~ 
of PC-based tools available 
for measurement and 
aUlomation application , 
including hardware and 

software for analog, digital, and timing I/O, signal 
conditioning and connectivity, image acquisition, 
motion control, and com pUler-based instruments, 

ational Instruments; Tel: (BOO) 327-9 94 (U .. and 
Canada), (512) 794-0100; Fax: (512) 683-9300; 
e-mail: info@ni.com; www.ni.com/ info/ daq 

National Instruments 

For More Information Circle No, 600 

INTEGRATE CAD 
AND ALGOR MES 
FOR BEITER 
DESIGNS 
Algor's InCAD products cap­
lure exact part or assem bly 
geometry, like this housing 
component, for dynamic 
stress analysis with Mechan­

ical Evelll Simulation for linear or nonlinear mate­
rial model. I nCAD products work with CADKEY, 
Mechanical Desktop, Prol E lGINEER, Solid Edge, 
and olidWorks. Address: 150 Beta Dr., Pittsburgh, 
PA 15238; Phone: +1 (412) 967-2700; E-mail: 
info@algor.com; or Fax: + I (412) 967-27 1; 
www.algor.com, www.feaincad.com 

Algor, Inc. 

METRIC AIR SPRING 
MANUAL FROM 
FIRESTONE 
Firestone Industrial Products has 
revised its Metric Engineering 
Manual and Dtsigt! Guide for 
Airmount llP isolators and Air­
strokellP actuators . The manual 

provides complete spring specifications in metric 
dimensions, including height, force, and static data. 
Airstroke actuators are a low<ost equivalent to con­
ventional pneumatic and hydraulic cylinders; 
Aimloulll isolators feature a compact installed height 
and unsurpassed isolation capability. Firestone 
Industrial Products Co., 12650 Hamilton Crossing 
Blvd., Carmel, IN 46032; www.firestoneindustrial.com 
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Firestone Industrial Products Co. 

For More Information Circle No, 606 
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DEVICE DATA 
INTO WINDOWS 
APPLICATIONS 
WinWedge instantly inputs 
serial (RS232-RS485) or 
TCP/ IP data into any 
\\rmdows application: Excel, 
Access, MMls, etc. Collect 
data from and comrol 
gauges, micrometers, bal­
ances, meters, bar<ode scan­

ners, measunng instruments ... any de-ice. Easily per­
form graphing and analy is of your instrumelll data in 
any program. TalTech, 2027 Wallace L, Philadelphia, 
PA 19130; Tel: 8()0.722-0004, 21:;'76~79OO; Fax: 215-
76~711; www.taltech.com 

TalTech 

For More Information Circle No, 609 

In trupedia. lhe interactive 
enc 'c1opedia of instrumenta­
tion, i a ource of abundant 
information useful for building 
PC-based measurement and 
automation applications. Thi 
free CD includes the entire 

National Instruments product catalog, evaluation 
software, application notes, customer olutions, the 
searchable Knowledge Base, and more. Compatible 
with Windows 2000/ T / 9x/3. 1 and Mac 0 ys­
terns, In trupedia also provide links directly to the 

ational InSlrument Web site. National 
Instruments; Tel : (800) 443-348 (U .. and 
Canada). (512) 794-0100; Fax: (512) 683-9300; 
e-mail: info@ni.com; www.ni.com/ info/ instrupedia 

National Instruments 
For More Information Circle No. 601 

ALGOR'S ACCUPAKI 
VE SOFTWARE 
REPLICATES REAL­
WORLD EVENTS 
I n this impact simulation, 
Algor's Accupak/ VE Mecha­
nical Event Simulation soft­

ware and kinematic element technology replicates 
physical behavior by determining the motion, flexing 
and resulting srresses of a CAD part or assembly in a 
"virtua1laboratory." Add thennal, fluid or electrostal­
ic effects to Accupak/VE analyses with linear and 
nonlinear materials to simulate multiple physical 
phenomena. Address: 150 Beta Dr., Pittsburgh, PA 
15238; Phone: +1 (412) 967-2700; E-mail: 
info@algor.com; or Fax: +1 (412) 967·2781; 
www.algor.com 

Algor, Inc. 
For More Information Circle No. 604 

VACUUM 
PUMP 

...;....;..._ ' ;.;;l'" VIBRATION 

-:~;lr-"1 IS0LATORS 
L-_________ ....J i olators effectively 
remove turbo-molecular and cryo-pump vibrations. 
Two models are available in elastomer and air-iso­
lated versions. They are HV compatible, have 
shon insertion lengths, and high conductance. A 
wide variety of flanges are available. National 
Electrostatics Corp., 7540 Graber Rd., Box 620310, 
Middleton , WI 53562-0310; Tel: 608-831-7600; 
Fax: 608-256-4103; e-mail: nec@pelletron.com; 
www.pelletron.com; 

National Electrostatics Corp. 

For More Information Circle No. 607 
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CUSTOM 
ELECTROFORMS 
Rugged, preci ion, light­
weight e1ectroforms can be 
used at cryogenic tern pera­
tures or up to 1000 ' F. 
Diameters can range from 
0.030 to 8 inches. Wall 
thicknesses from 0 .0003 to 

0.025 inches can be sup­
plied. They can be made an integral unit with a 
bellows [0 produce a "dynamic" component. 
Servomeler Corp., 501 Little Fall Rd. , Cedar 
Grove, NJ 07009-1291; Tel: 201-7854630; Fax: 00-
7 5-0756 (U.S.); Fax: 201·785-0756 (outside .s.); 
\\o"WW.servometer.com 

Servometer Corp. 

For More Information Circle No. 610 
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INDUCTOSYN® 
POSITION 
TRANSDUCERS 
Our 16-page Engineering 
Guide describe how to elect 
and use Induclosyn- po ition 
transducers for application in 
extreme aero pace and indus­

trial-manufacturing environments. Rotary 
Induclos n- transducers provide ab olute and 
incremental po itian infonnation, accurate to ±O.5 
arc second or belter, with resolution to 26 bits . 
Linear 1 nducto yn- lran ducer are accurate to 
±1l40 inches or belter, with sub-flinch resolution. 
Farrand Controls, a division of Ruhle Companies, 
Inc.; Tel: 914-761·2600; Fax: 914-761-0405; e-mail: 
sales@ruhle.com; www.ruhle.com 

Farrand Controls 
For More Information Circle No. 602 

TUESDAY @ TEN: 
INTERNET TV 
DISTANCE DEMOS 
SHOW WHAT'S 
NEW 
Join Algor every Tuesday at 
10 a.m. Ea tern Time al 
www.eTechLearning.comlo 

learn about Algor' Finite Element Analysis and full 
Mechanical Event Simulation software and ils 
InCAD products for doing FEA within CAD. Viewers 
can phone or e-mail questions to be answered by 
Algor engineers during these free, public Webcasts. 
Replays are available on demand. Phone: +1 (412) 
967-2700; E-mail: info@algor.com; or Fax: +1 (412) 
967-2781; www.eTechLeaming.com, www.algor.com 

Algor, Inc. 
For More Information Circle No. 605 

NEW EDITION OF 
PUMP 
STANDARDS 
Learn how to apply and 
order pumps most effective­
ly. The greatly expanded, 
1000-page ANSI/2000 edi· 
tion helps you understand 

pump definitions, nomenclature, installation, opera­
tion, and test procedures. It has been completely 
updated, replacing all previous editions, and is 
"required reading" for pump users, conrractors, and 
engineers. The new HI upplier Finder service lets 
you find 100 pump manufacturers, six different ways, 
online at www.pumps.org. Hydraulic In titute, 9 
Sylvan Way, Parsippany, NJ 07054. Tel: 97~267-7772 

Hydraulic Institute 

For More Information Circle No. 608 

100,000 PROCESS 
MEASUREMENT AND 
CONTROL PRODUCTS 
More than 100,000 process mea­
urement and control products 

can now be ordered directly via 
OMEGA Engineering Inc.'s new 
online store at W\'\.w.omega.com. 

Most items are in stock for overnight delivery. 
Products include thermocouple and RTD probes; 
instruments for temperature measurement and con­
rrol; pressure transducers and load cells; plus a full 
line of data acqui ition products . OMEGA 
Engineering Inc.; One Omega Dr., P.O. Box 4047; 
tamford, CT 06907-0047; Tel: 8()O.82&S342; Fax: 203-

359-7700; e-mail: info@omega.com; www.omegacom 

OMEGA Engineering Inc. 

For More Information Circle No. 611 
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m inia lure terminals 
including: insulated 
test jacks, assembled 
standoffs and press­
type terminals. All 
standard call1iog 
items are available 

for immediate pricing and delivery. Call today for 
your free 27-page catalog: 8()().634-2356. 

Hiram Jones Electronics, Inc. 
For More In formation Circle No. 612 

CHILLERS/COOLERS 
CATALOG 
NESl..AB's newest produCl cata­
log features industrial chillers 
and liquid coolers. It includes 
features, specifications, and cus­

tomizing options available, 
including refrigeration, con­

lroller, pump, fluid, heater, and electrical specs. 
NESLAB offers a range of cooling solutions for appl~ 
cations such as industrial lasers, EDM, plastics. plat­
ing, packaging, chilled rolls, and welding. There is a 
NESl..AB solution to fit each constant-temperature 
application. NESLAB Instruments, PO Box 1178, 
Portsmouth, NH 03802-1178; (603) 430-2271; fax 
(603) 430-8411; E-mail: neslab@neslabinstruments. 
com; \\'Ww.neslabinc.com. 

NESLAB Instruments 
For More Information Circle No. 615 

THE SOURCE 
FOR 
ELECTRONIC & 
MECHANICAL 
HARDWARE 
Seastrom takes pride 
in offering one of the 
widest selections of 
standard eleclronic 
and assembly hard­
ware available from 
stock. Seastrom's 66-A 

Catalog provides a complete source for over 
45,000 products. For a free 550-page catalog, call 
800-634-2356. 

Seastrom Mfg Co. Inc. 
For More Information Circle No. 618 

NOWIT'S ASY 
TO FIND 

NGINEERING 
TOOLS WITH 

GUIDE 

NASA Tech Briefs' NEW 
online gUIde to suppliers, 
product5, and seMces 
for design engineers. 

Seardl by keyword or within 25+ 
product categories 

Unk directly to company web sites 

locate B2B suppliers and sites 
offering e-commerce 

tech.com/eguide 

NASA Tech Brief~ , -\ugu.! 2000 

The new 2000 edition catalog, 
!tWS-2000, contains thousands of 
stock-5ize wave springs (hundreds 
of new sizes added), design fomm­
las, a materials guide, and !)'pical 
applications. This 4O-page engi­

neering and parts manual describes the advantages of 
wave springs and helps engineers solve problems. All 
springs are nOl equal! Smalley springs. available from 
3/8" to 84" in diameler, fil in tighl radial and axial 
applications. Work heights can be reduced by 50% 
using a ,,'ave spring. Smalley engineers are available for 
free assistance. Smalley Steel Ring Co., 385 Gilman 
Ave., ""'heeling, II.. 60090; Tel: 847-537-7600; Fax: 847-
537-7698; e-mail: info@smalley.com; www.smalley.com 

Smalley Steel Ring Co. 
For More Information Circle No. 613 

THERMO­
COUPLES, 
MAKE YOUR 
OWN 
The HOTSPOT allows 
thermocouple wire lO 
be formed into free­
slanding junctions, or 
welded to metal sur­
faces. It provides a sim­
ple means of fabricat­

ing thermocouples "when needed and where need­
ed." Brochure and specification sheet available. 
Address: 7300 North Crescent Blvd., Pennsauken, 
~ 08110. Tel: 856-662-7272; Fax: 856-662-7862; 

hup:! Iwww.thomasregister.com/dcc 

DCC Corp. 
For More Information Circle No. 616 

SMALL PARTS CATALOG 
NO. 20 QUALITY 
COMPONENTS, 
MATERIALS, AND 
TOOLS 
This catalog is packed wilh products 
for engineering design, research 

and development, proLotypes and modeling, and 
indusLrial as embly. Thousands of items arc in $locl~, 
including miniature fasleners, specialty compo­
nents, fluid and motion control devices, selecl 
materials, and precision tools. SMALL PARTS, 
INC .. 13980 NW 581h Court, Miami Lakes, FL, 
33014, Attn: Free Catalog - Dept. 200F; Tel: 800-220-
4242; Fax: 800-423-9009; www.smallpans.com 

Small Parts, Inc. 
For More Information Circle No. 626 or 

visit www.nasatech.coml6.26 

POWER UNE FILTERING 
& SURGE-SUPPRESSION 
SYSTEMS 
Control Concepts offers a broad 
range of power-line filters and 
stale-of-the-art surge suppression 
10 meet all of your power-quality 

needs. Our products make il easy and cost-effective 
10 safeguard any electronic equipment from mal­
function, downtime, or failure. Send for a free 
brochure and our handy informational guide lO 

urge Suppression and Filtering. or call US loU-Cree 
at: 877-52~7I85. Control Concepts Corp., P_O. Box 
7429. Endicolt, l\'Y 13761-7921; Tel 607-724-2484; 
Fax: loU-free 800-233-1074; e-mail: ccoDcepts@ 
control<oncepts.com; ,,~,'W.control<oncepLS.com 

Control Concepts 

For More Information Circle No_ 621 

w\\/w.nasatech.com 

REMOTE VIEWING 
INSTRUMENTS 
m, the leader in remote view­
ing, offers more than 2,000 stan­
dard RVY's fO 'r inspecting 
engines, air frames" or compo­
nents in inaccessible areas. 
Products include new Camera 

Dedicaled Boroscopes and patented PRoTECHT'" 
Fiberscopes and Videoscopes. Custom and OEM 
scopes are a specialty. All componenl pans carry a 
one-year warranty from date of purchase. 
InStrumenl Technology, Inc., PO Box 381, 33 
Airpon Rd., Westfield, MA 01086-0381; Tel: 413-
562-3606; Fax: 413-568-9809; e-mail: iti@scopes.com; 
www.scopes.com 

Instrument Technology, Inc. 

For More Information Circle No. 614 

STORCASE 
ENClOSURES 
Have you heard the news? 
Kingston Technology Stor­
age Products Division. the 
12-year manufacturer of 
the original Data Express 

and other RAID-ready storage enclosures, has offi­
cially become StorCase Technology, Inc. This new 
slorage-dedicated sister company of Kingston 
Technology will maintain the same quality products, 
service, and suppOrt. COntacl SlorCase today to 
requesl new literature, which includes information 
on their latest InfoStation backplane design chassis. 
Tel: 714-438-1850; e-mail: info@storcase.com; 
www.storcase.com 

StorCase Technology, Inc. 

For More Information Circle No. 617 

FREE 2000 
QUATECH 
PRODUCT 
CATALOG &CD 
Quatech's 2000 catalog 
details our extensive line of 
quality communication, data 
acquisition, and signal condi­
tioning products for USB, 

PCMCIA. PCI, and ISA. New for 2000 are me 
FreedomUSB Series of multi-port USB serial adapters 
and USB hubs. Available in print or as an interactive 
CD linked 10 our secure online ordering system, the 
catalog provides product overviews. photos, and com­
plele technical specifications. Call 1-800-553-1170 for 
your free copy or visit WUIW.f[WIkch.com 

Quatech, Inc. 
For More Information Circle No. 620 

MERCURY 
SLIP RINGS 
Bulletin describes rotating elec­
trical connectors that combine 
mercury with compatible metals 

_ for stable, noise-rTee connec-
tions. Conduclors are immersed 

'-___ __ ..J in separale pools of mercury. 
Shielding protects the mercUf)' and elecmxles. The 
corrosion-resistant connectors have ball bearing 
construction to minimize seal wear and are suiled 
for sensitive circuits with milliamp signals. Up to 8 
channels are available with electrical capacities to 
30 A at 240 VAC. Mercotac, Inc.. 6195 Corte del 
Cedro, #100, Carlsbad, CA 92009; Tel: 760-431-
7723; Fax: 760-431-0905; www.mercotac.com 

Mercotac, Inc.. 

For More Information Circle No. 622 
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Heating a medical device? 
I We have the perfect prescription! 

Flexible Thermofoil™ heaters are the sure cure for chronic 
heating ailments: Easy to apply as a flexible bandage, yet 

capable of uniform, efficient heat . Proven performance in 
diagnostic devices, catheters, fluid warming, respirators 

Etched-foil element with chemical-resistant polyimide 
insulation . Orop-in-place subassemblies with integral 

sensors, connectors, metalwork, flex-circuitry . Optional 
factory mounting . Full range of temperature controllers 

MIN CO PRODUCTS, INC. 
7300 Commerce Lane - Minneapolis, MN 55432-3177 U.S.A. 

Telephone: (612) 571-3121 - FAX' (612) 571-0927 

For More Information Circle No. 423 

n (UUlLE SYSTEM 
OFFERS HIGH FOXIIIUn 

AND EXCEPTIONAL 
ABRASION RESISTANCE 

Meets USP Class VI Requirements 

MASTER BOND UV1SX-6 

• One part, no mix system • Fast UV cure in 
presence of air • Cures up to 1/8" or more 
• Outstanding flexibil ity and superior abrasion 
resistance. Durable even upon exposure to 
adverse environmental conditions. High bond 
strength. Chemical inertness. Optical clarity 
• Easy application • Convenient packaging 

60 

www.masterbond.com 

Master Bond Inc. 
Adhesives, Sealants & Coatings 

154 Hobart St., Hackensack, NJ 07601 
TEL: 201-343-8983 FAX: 201-343-2132 

For More Information Circle No. 424 

NeWonthe 

MARKET. 
Purge Cabinet Coolers 

Exair Corp., Cincinnati, OH, offers a series of non-hazardous purge 
cabinet coolers designed to keep dirt, smoke, and water out of electri­
cal enclo ures while purging them with clean, 20· F air. The coolers 
use a vortex tube to convert an ordinary supply of com pres ed air into 
cold air without the use of refrigerants or environmentally harmful 
CFCs. Under normal conditions, this system passes 1 SCFM of air 
through the cabinet cooler to maintain a slight, positive pre sure 
inside the electrical enclosure. When the thermostat detects a high 
temperature, it energizes the solenoid to pass line pressure to the cab­
inet cooler, producing full cooling capacity. Circle No. 700 

Mechanical Fastener 
Frank Roth Co., Stratford, cr has introduced the UNI-KEyrM fas­

tener, which can be applied to a wide variety of construction materials 
common to knockdown furniture, electrical connectors, architectural 
structures, and diverse industries. It allows less stringent keyway toler­
ancing and provides axial and torsional clamping force once it is 
grouped together with other UNI-KEYs. The fastener keys shaft­
mounted objects, eliminates hubs and set screws, and is accessible axi­
ally from the ends. Circle No. 701 

GPIB Controllers 
National Instruments, Austin, TX, 
has released the GPIB-ENET / 100 
Ethernet-to-GPIB controller and the 
PCI-8212 combination GPIB and 
Ethernet interface for PCI. Both 
offer high-speed interfaces for con­

necting, sharing, or controlling CPIB instruments on Ethernet net­
works, and are designed for engineers who want to use Ethernet and 
GPIB in the same test and measurement system. The GPIB-ENET /100 
high-speed interface controls GPIB instruments across Ethernet net­
works. Users can access remote test equipment from anywhere in the 
world via TCP/ IP protocols on 10BaseT and 100BaseT networks. The 
PCI-8212 interface combines a GPIB controller and a standard 
Ethernet controller in a single PCI board. The GPIB controller chip is 
capable of transfer rates of up to 8 Mbytes/ s. Circle No. 702 

Temperature Calibrator 
Fluke Corp., Everett, WA, has introduced the Fluke 724 temperature 

calibrator designed for process instrument technicians. The calibrator's 
measure and source functions can test and calibrate almost any tem­
perature instrument. It can simultaneously view input and output data 
on a dual display. The calibrator powers transmitters during testing 
using loop power supply with simultaneous rnA measurement. It also 
measures, sources/simulates RTDs, thermocouples, volts, and ohms to 
test and calibrate temperature sensors and transmitters. Circle No. 703 

Handheld Computer 
The CEL industrial-grade handheld 

computer from Two Technologies, 
Horsham, PA, runs the Microsoft® 
Windows CE® operating system. The 
CEL offers a sunlight-readable display 
with optional touchscreen technology, a 
variety of interface capabilities, and 
rugged construction for industrial com­
mercial use. The computer features a 192 x 128 pixel LCD and an 
optional electroluminescent backlight. One serial port is standard, 
with a choice of RS-232/ 422/ 485 or CMOS/ TTL protocols. 
Applications include field data acquisition, inventory management, 
warehouse control, and field inspection. Circle No. 704 
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Newon o SK 
Engineering Spreadsheet 

DSP Development Corp., ewton, MA, has announced 
DADiSP /2000 engineering spreadsheet software. Fearures and 
enhancements include an updated graphical user interface and an 
expanded library of over 1,000 mathematical, engineering, and scien­
tific function . The product fearures ActiveX support and real-time 
support, and offers a command debugger for its SPL programming 
language to reduce development time and improve the quality of SPL 
routines. ew functions offer improvements in signal proce sing, data 
manipulations, tatistics, and graphing. Circle No. 711 

DSP System Design 
Version 4.5 of the SystemView system-level design tool for DPS and 

communications applications is available from Elanix, Westlake 
Village, CA. This release links SystemView with TI Code and 
Composer Studio for C5x/C6x software development and test, and a 
partnership with Xpedion Design Systems has linked the two compa­
nies' system and RF /MiCTowave design software. Version 4.5 features 
enhanced libraries that provide new models for communications 
applications. System designers can simulate communications system 
without developing custom function, and DSP and RF de igners can 
simulate and te t their subsystems within the context of the overall sys­
tem design. Circle No. 715 

Problem-Solving Software 
Invention Machine Corp., Boston, MA, 

has released a new version of its 
TechOptimizer tool for research and 
design engineers. It is fueled by a techni­
cal knowledge base, known as the Effects 
Module, which contains more than 7,500 

cientific and engineering effects and examples in all areas of engi­
neering, physics, and chemistry. Features include more than 100 
enhancements, enabling users to analyze, po tulate, and olve engi­
neering product and process problems. Circle No. 716 

Web-Based Viewing 
Brava! 2.2 Java-based drawing and doc­

ument software for welKielivered viewing 
and collaborative commerce is available 
from I nfonn a tive Graphics Corp., 
Phoenix, AZ. It allows users to publish 
drawings and images in native file for­
mats for viewing. and to exchange ideas 
by overlaying markup without requiring the arne hardware platfonn. 
native software application. or browser. Braval 2.2 introduce the first 
of a erie of related erver-based products: Braval Thumbnail Bean. 
Brava! Explorer. and a Braval MPS Print Server. It also offers improved 
markup handling and file location management, including auto pre­
load for viewing all markups when a drawing or image is accessed. 
Circle No. 714 

Hybrid Modeling 
CADKEY corp.. l.arlborough. MA, has 

released CADKEY Parametrics, an optional 
modeling technique designed for users of fea­
ture-based modeling and/or con traint-based 
sketching tools. Available for Windows 
95/98/NT/2ooo. the module allow users to 

convert existing or imported wireframe data into ketches and auto­
matically consLrain them. Full acc is provided to values used in each 
solid model's creation and interactions between sets of features and 
parts. Sketching tools offer enhancements to 2D drawing and can be 
u ed to enhance 2D drafting as profiles for modeling. Circle No. 778 

ASA Tech Briefs. August 2000 

StrainDAQ,. 

• au.rter-bridgl1lrlJn pgelllOdulellln 
32-channellncremlnll 

• Low incrementll channei costs 

• Full-bridge sigilli conditioning capabilities 

• Pemble IIICf IaborItory platforms available 

.Mulliple _ /litis and calibration options 

Phone: (211)155-2180 Fax: (281) 155-2138 
£.tnaII: .... IdqOoti .... com 

For More Information Circle No. 425 

Your best solutions come 
from flexible thinking. 

NAS 

For closed-cell foam olutions, our design team is 
ready t6 help you formulate a olution that fits your 
needs. Whether an Automotive, Medical, or 
Industrial Design application. our product line of 
Volara~Volextra~ and MinicellZ all provide depend­
able, bigh-quality, cost-effective 
ways to enhance your ideas. 
To fmd out more, or to receive 
a free "Thought Starter': call: 
(800) 225-0668 today. 

Ideas Formed in Foam 

lUll Shl' lJ;lrd Sln·d . LJ\Hl·lIl·l·. \I \ III); .. U· \ld. Sil,·: \\\"\ .\IJIt~k .n"" 

For More Information Circle No. 426 61 



New 

LITERATURE • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Tubing Pumps 

The OEM Group of Barnam Co., Barrington, IL, 
offers a 16-page brochure describing appucations for 
its Masterflex peristaltic tubing pump products in agri­
culture, medical, and manufacturing. The brochure 
de cribes repre entative ample of Ma terflex tubing 
pumps, fixed and variable speed design, with specifi-

cations and related industrie . Single and multi-channel designs 
are available in a wide range of pumping capacities. Circle No. 720 

Temperature Sensors 
Minco Products, Minneapolis, M ,has released a 

ix-page document on how to specifY temperature 
sensors in hazardous areas. "Application Aid #19" 
explains the orth American and European classifi­
cation systems, and includes drawings to show the 
components of an explosion-proof temperature sen­
sor and an intrinsically afe in tallation; tables to summa-
rize various classifications, definitions, and to compare protection 
methods; and charts that show models suitable for various hazardous 
conditions. Included is a list of often-used acronyms for agencies, rat­
ings, and standards. Circle No. 721 

EMC Test Solutions 
Schaffner EMC, Edison, l'{j, offers a 152-page catalog 

featuring integrated EMC instrumentation systems 
and services, including EMC test solutions for indus­
trial, commercial, telecom, and automotive industries. 
Individual sections addres the growth of electronics 
in vehicle management and equipment, the assembly 

of a complete RF conducted and radiated test system, and the design 
of systems to veriJY individual test setups and facilities. Circle No. 723 

Metals and Materials 
A 24-page brochure from Goodfellow orp., Berwyn, PA, provides 

an overview of the company' metal and materials, as well a a wide 
range of technical services. Al 0 featured are pure metals, alloys, 
polymers, ceramics, compounds, intermetallics, and composites. 
Circle No. 722 

Document-Management Software 
Oce Engineering Systems, Chicago IL, offers an 

eight-page brochure on Oce Engineering Exec soft­
ware for automating printing activities. Features 
include calable modules and open architecture, a 
concept that combines precise print-management 
and document-distribution capabilities ,,~th optional 
advanced prinu'oom features. The software controls, stores, and man­
ages engineering documents, and can be u ed witll most brands of 
wide-format copier and printer . Circle No. 725 

~ 
Power Transmission Products 

TRAN9MIS8ION A 12-page brochure featuring power transmission 
products is offered by KEBCO, St. Paul, MN. Included 
are open-loop frequency inverters, clo ed-loop vector 
and servo drives, a variety of geared motor, and a 

~ selection of brakes. Circle No. 726 

Motion Control 
Oriental Motor, Valencia, CA, offers a catalog describ­

ing Vexta® Alpha Step motion-control products, includ­
ing motors, planetary gearheads, brake, and drivers. 
The catalog explains gear types, di cus es precautions, 
motor dimensions, driver functions, and input/output 
signals. Circle No. 727 

One of the Nation's most renowned Technology Conferences is coming 
to the Northwest ... Come and see what the future will bring! 

Technology 2000 
The 11th annual Conference for Technology Partnerships, Licensing & 
Commercialization showcasing new and next-generation technologies 

October 30 - November 2, 2000 
Meydenbauer Convention Center • Seattle, Washington 

Companion events: 
3rd annual 
Small Business Tech Expo 

showcasing the latest resources 
and technologies to launch new 
products and develop strategic 
partnerships 

National Small Business Innovation 
Research (SBIR) Conference 

providing access to the Nation's 
largest (over $1.2 billion per year) 
source of early-stage technology 
financing for small high tech firms 

For more information contact 
DelaBarre & Associates, Inc. Conference and Exposition Services 

P.O. Box 2890, 224 W. Washington, Ste. #3, Sequim, WA 98382 

Phone: 360-683-1828 • Fax: 360-683-6654 • E-mail: T2K@zyn.com 

www. exp .co 
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Ra~id Product 

The eb publication for NASA Tech Briefs readers 

N'ASA Tech Briefs' aU-digital pubLication, Rapid Product Development OnLine (www.rapidproducts.net}.heLPengineersdevelop 
better products faster by providing immediate 24-hour access to the latest injcmnation on CAD, FEA, modeLing, mold-m(lking, 

reverse engineering, and rapid prototyping tools and techniques. This month:S RPD OnLine includes: 

Online Engineering Resource Reduces Design Time 
for Airframe Surface Features 

For many years, engineers at Ce na 
Aircraft Co. found it worth the half-hour 
drive to the company's central library fa­
cility to access the volume of de ign 
methods and data publi hed by Engi­
neering Sciences Data Unit (E DU) of 
London, UK ow ESDU' full collection 
of engineering documents is available 
on the Internet, allowing engineers to 

access the data without leaving their 
workstations. Thi online re ource -
which includes more than 230 volumes 
of validated de ign and analysis data and 

Intuitive Solid odeler Speeds 
Rapid Prototyping of Rubber-Metal 
Suspension Mount 

Vellum olid - a CAD program from Ash­
lar, Au tin, TX - has enabled product engi­
neers in Cooper tandard Automotive' NVH 
Control y tern Divi ion to create concept 
drawing and a rapid prototype of a rubber­
metal u pension mount in half the time that 
the legacy CAD y tems would have required. 
The intuitive nature of the modeler allowed 
the project to be completed quickly by simpli­
fying the creation of radii, tangent line, and 
other complex geometric entitie . 
www.raPidproducts.netIAUGOOlmodeler: html 

methods - has helped Ce na's engineers reduce the time required to 
design many airframe surface features by up to 50 percent. 
www.raPidProducts.netIA UGOOI airframe. html 

FDM Saves $2 Million in Automotive 
Tooling Costs 

Aggressive use of rapid prototyping and rapid tooling 
saved Toyota more than 2 million in designing the 2000 
Avalon. Fused de po ition modeling (FDM) cut over 

200,000 ( ) in tooling costs by eliminating the proto­
type tooling for the 
right-hand ide-mirror 
housing. The company 
aved another 300,000 

in tooling co t for the 
four door-handle tools, 
which were created from 
FDM masters rather than 
by C C machining. The 

savings Toyota achieved on the door handle and mirrors 
alone more than paid for the trata y FDM8000 
machine used to produce the prototype. 
www.raPidproducts.netIA UGOOljdm. html 

Be sure to visit www.rapidproducts.net for the latest 
information on the rapid product development industry. 

Sponsors: Solid Edge is 
Unigraphics Solutions' 
mid-range CAD 
software package. 

New Product Highlights 
Featured products in­

clude the PC ver ion of 
Mikron Quick ode 
from DP Technology 
Corp., Camarillo, CA, 
and the Mikron Tech­
nology Group. Thi G­
code editor has dialog 
boxe that guide the 
machini t through the 
manual G & M coding programming proce and an auto­
matic speed and feeds database and calculator. Moldflow 
Corporation, Lexington, MA, has introduced C-MOLD 
2000.7™. Thi late t ver ion of the oftware delivers Fusion 
and nderfill (flip-chip) capabilities for advanced C­
MOLD products. In addition, C-MOLD 2000's user inter­
face, de ign optimization, and polymer-melt analy is have 
been enhanced. 
www.raPidproducts.netIAUGOOlproducts800.htm 

www.rapidproducts.net 

PlanetCAD 

For advertising and sponsorship 
information, contact 
Joe Pramberger at 

joe@abptuf.org; Tel: 212-490-3999. 
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SIMULATING A 

Lower Costs Pay Off 
Use the SimulationCenter 
instead of costly hardware 
and software for greater 
return on Investment 
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