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Why Crawl When You Can Fly? 

Skip the cocoon of traditional development techniques 
and fly through your projects with NI LabVIEW"'6.1. 
Only National Instruments LabVIEW delivers a graphical development 

environment specifically designed for test and measurement applications. 

LabVIEW delivers: 

• Intuitive graphical development. which means no lines of code 

• Seamless connectivity with thousands of measurement devices 

• Easy reporting tools so you can communicate across your organization 

• Instant remote control of your application from any Web browser 

Soar to the next stage of your development with NI LabVIEW 6.1 - the software 

that powers measurement and automation. 

( ni.com/info ) 

Take your measurements to the web 
with NI LabVlEW 6.1. 

NATIONAL 
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N 

If you 're ready to fly, request an evaluation 

version of LabVlEW by visiting ni.com/info 

and entering nalz05. 

(800) 453-6202 
Fax: 1512) 683-9300 • info@ni.com 
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2 Laser pplica ions of he on h 
SYNRAD 

An Excel Technology Company 

• Welding Copper-Nickel Foil with CO2 Lasers 

A weld created using a Synrad CO2 
laser on copper-nickel foil. 

CO2 lasers are useful in a broad 
range of welding applications. The 
photo to the left shows the results of 
welding 0.0025"-thick sheets of 
copper-nickel alloy foil. Used in aero­
space, automotive, and many other 
industries, the material was welded 
with a Synrad Evolution™ 125-watt 
laser. The weld was made at a velocity 
of 110" per minute with a 2.5" focal 
length lens having a spot size of 
0.004". Argon gas, at 2 psi, was used 
for shielding. 

• Laser Cutting Urethane Bushings 
The 2.5"-thick urethane bushing 

shown to the right was cut in nine 
seconds while being rotated underneath 
a 240 watt CO2 laser beam. Although a 
slight discoloration is present, no char­
ring of the urethane material occurs. 

To cut the material, a 7.5" focal 
length lens with a 0.5" depth of focus 
and a 0.012" spot size was used. The 
bushing was rotated at 140 rpm during 
cutting, which took nine seconds (21 
revolutions). Nitrogen assist gas at 20 
psi was used whi le cutting. 

This Urethane Bushing was cut with 
a 240 watt Synrad laser. 

The key to achieving virtually no 
heat defonnation and a uniform weld 
bead is in selecting proper pulsing 
parameters for the laser. In this case, a 
pulse frequency of 685 Hz and a pulse 
length of 880 microseconds provided 
the weld characteristics desired. 
Changing the thickness or width of the 
weld bead is simply a matter of 
experimenting with variations in beam 
velocity, pulse frequency, or pulse 
length. 

• Laser Marking Fast Bar Codes on Inked Paper 
This 24 character Code 128 bar 

code, including human-readable text, 
was marked on inked paper in only one 
second! The bar code, measuring 1.5" 
long by 0.5" high, was marked by a 
marking head and Synrad laser driven 
by WinMark Pro™ laser marking 
software. 20 watts of laser power were 
used to achieve a velocity of 250" per 
second. Using a Synrad 25 watt marking 

system. these codes were 
marked at 250" per second! 

Discover more CO2 laser applications! 
Sign up for our monthly online 

Applications Newsletter at 
www.synrad.com/signup1 

All applications on this page were 
processed at SYllrad's Applicatiolls 
Laboratory. Synrad, the world s lead­
ing manufacturer of sealed CO2 
lasers, offers free process evaluations 
to companies with qualified applica­
tions. Call1-800-SYNRADl f or more 
information. 

Synrad. Inc. 4600 Campus Place Mukilteo, WA 98275 USA 
tel 1.425.349.3500 • toll-free 1.800.SYNRAD1 • fax 1.425.349.3667 • e-mail synrad@synrad.com • www.synrad.com 

For Free Info Enter No. 502 at www.nasatech.com/rs 





"IEEE 

"The key to innovation is the fearless 
pursuit of experiment, application, 

and proof of the theory. IEEE allows 
engineers to see what is possible, 

and pursue it with science." 

Dr. Evangelia Micheli-Tzanakou 
IEEE Fellow 

Director of Computational Intelligence 
Laboratories, Department of Biomedical 

Engineering, Rutgers University 

What will you discover next? Join IEEE. 
www.ieee.org/apply 

For Free Info Enter No. 504 at www.nasatech.com/rs 



If you see the world differently, you qualify to compete against it. 

Look for it September 1, 2002 

A BUCK&IIECKBI COMPANY 

For Free Info Enter No. 539 at www.nasatech.com/rs 
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Mechanical Event Simulation 
of Magnetic Back-up Tape 

Hewlett-Packard Chooses ALGOR FEA 
to Extend the Life of Back-up Tape 
Linear Tape-Open (LTO) technology, developed jointly by Hewlett­
Packard Company (HP), IBM and Seagate, replaces proprietary 
formats for corporate back-up solutions with an open tape format that 
makes it easier for customers to choose products. Hewlett-Packard 
used ALGOR's Mechanical Event Simulation (MES) software to 
analyze the behavior of the magnetic recording tape as it is wound 
through a Hewlett-Packard LTO Ultrium back-up drive. 

The Challenge 
Hewlett-Packard's challenge was to optimize the LTO drive to 
increase tape durability while maintaining tape path stability. To study 
the tape's behavior, the software had to simulate motion, contact 
between parts in an assembly, large displacement, elastic material 
behavior and stresses. 

For this complete story and others, visit 
hptapedrive.ALGOR.com 

autodesk 
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The Solution 

prediction 
stress levels enabled 
me to make adjust­
ments and optimize 
the design." 

Paul Poorman 
Mechanical Engineer 

Hewlett-Packard Company 

A Hewlett-Packard engineer, Paul Poorman, modeled the magnetic 
tape with isotropic shell elements and the drive assembly using 
kinematic elements. In the MES, the tape wraps around two rollers 
and across a tape head and is then pulled into a take-up reel. The 
MES results showed the motion of the tape and resulting stresses. 
These results helped Hewlett-Packard find a proprietary solution that 
keeps the tape on track while reducing stresses on the edge of the 
tape, thus extending the life of the back-up tape. Paul Poorman 
reports, ''The first generation of Hewlett-Packard Ultrium drives is 
currently in the market and performing w~II." 

ALGOR. 
ALGOR, lnc. 
150 Beta Drive 
Pittsburgh, PA 15238-2932 USA 
Phone 1.412.967.2700 
Fax 1.412.967.2781 

USA/Canada 
1.800.48.ALGOR 

France 
0.800.918.917 

Italy 
800.783.132 

Singapore 
800.120.3775 

authorized deVfloper -...... ----.- hptapedrive@algor.com 
hptapedrlve.ALGOR.com 

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

For Free Info Visit www.nasatech_com/513 or Enter No. 513 at www.nasatech.comlrs 

United Kingdom 
0.800.731 .0399 
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PRODUCT OF THE MONTH 

The DGx~ digital recording system from 
RGB Spectrum, Alameda, CA, captures, 

compresses, stores, and plays back 
computer, radar, and video images in 

high-resolution digital format. 
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ON THE COVER 

This Ducati motorcycle model was created using 
Windchill· Web-based product development and 
collaboration software from PTC, Needham, MA. 
The image represents the product development 
process, from concept to delivery. PTe's Wind­
chill PDMlink~ product lifecycle management 
solution enabled Ducati to control and leverage 
all of its product data throughout each stage of 
the design-to-manufacturing process. For more 
information on Windchill PDMlink, see New on 
the Market on page 64. 

(Image courtesy of Ducati North America and PTe) 

Permissions: Authorization to photocopy items for intemal or personaJ use. or the inlenlaJ or 
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the nat fee of 3.00 per copy be paid directly to the Copyright Clearance Center (222 Rose 
Wood Dr. , Da,l1\;ers, MA 01923) . for lhose organization lhat have been granted a photocopy 
license byeee, a separate system of payment has been arranged. The fee code for users of the 
Transactional Reporting Service is: ISSN 014&-319X194 $3.00+.00 

The Measurement System of the Future has Arrived! 
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Digital Transducers on a 
Network Bus 

• Network Configuration 
Reduces Cabling 

• Distributed Data 
Acquisition Increases 
Reliability 

• Real-Time Data 
Correction Achieves 
Higher Accuracy 

Network Sensors - Endevco is an established world leader in the 

development of innovative sensor technology. Our new network bus 

package miniature electronics with sensors to provide high-speed, 

networked digital output. This technology will replace large bundles of 

cables in exi ting flight test and structural test applications. Installations 

will no longer be cumbersome and expensive. Call or email us today! 

MEGGITT 

Integrated Transducer, 
Signal Conditioning, and 
Data Acquisition 

• Simplifies System 
Calibration 

• Reduces Size and Weight 

• Shortens Setup and Tear­
DownTime 

WHAT CAN WE DO 

FOR YOU TODAY? 

applications@endevco.com 

800/ 982-6732 · 949/661-7231fax 

ENDEVCO~ 
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Was your last product obsolete before it hit the market? 

•••• The faster you get new product ideas onto the shelf, the greater their chance for success. EDS Unigraphics • • helps you speed your products to market with Total Product Engineering-a system that allows you to capture, 

re-use and share knowledge easily. Our enti re system is digital so you can design, simulate, optimize, document, 

bui ld and test you r products and their processes in record time. It's a process that works for leading consumer 

goods companies including Apple, Palm and Kodak. To learn more, call 877-342-5847 or visit eds.com/plm. 

U' s 
PLM Solutions ,-=,,_5 

solved. 

II) 2002 EDS. EDS and Unigraphics are registered marks and EDS & Design. EDS Solved & Design and Unigraphics are trademarks of Electronic Data Systems Corporation or Its subsidiaries. 

For Free Info Enter No. 506 at www.nasatech.com/rs 
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Versatile Data Acquisition 

10 

Size, configurability, and measurement speed make the 
stand-alone CR9000 and CR5000 ideal for remote, 
portable, and test-chamber applications, Both operate with 
or without AC power and computers and measure most 

PC9000 is a full-featured 
software package that pro­
vides program generation 
and editing, data collection , 
and real-time and historical 
data display. 

available sensors without external signal conditioning. 
Onboard instruction sets provide event-triggered output and 
mathematical functions for on-site data reduction . All sys­
tems are temperature tested to NIST traceable standards. 

ViewDAQ real-time display 
software lets you create your 
own virtual instrument pan­
els-allowing you to view 
your data any way you want. 

* I nnovative Measurements Since 1974 * 

Get the specs and www.campbelisci.com/specs.html 
test drive PC9000 ~ (435) 753-2342 • (435) 750-9540 fax 
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The Power of 
MACROPROCESSING 

HP pes use genuine Microsoft® Windows® 
www.microsoft.com/piracy /howtotell 

Designed for high performance and reliabil ity. 
Tested and proven by lead ing CAD-ISV partners, 
an Evo Workstation W8000, from the new HP, with 
the latest Intel Xeon'" Processor simply makes things 
happen. These powerful Microsoft Windows'" platform 
machines will give your engineers some concurrent 
quality time. Now fully functional prototypes, more 
efficient 3D design, and Web-based project management 
and collaboration stand at-the-ready. For CAD solutions, 
put an HP Evo Workstation on your team. 
It will be high fives all around. 

To equip your team for victory, 
visit www.hp.com/go/evoworkstaHons 
or call 1-800-888-0414 

n v e n t 

02002 Hewlett-Packard Company. During the HPlCompaq product tranSItions. some HP WO<kslation products and packaging may be labeled with the Compaq brand. Intel. the Intel Inside logo and Xeon are 
trademarl<s Of regIStered trademarl<s of Intel Corporation 0( its subsidiaries In the United States and other countnes. Screen image courtesy of EDS PLM SoIutJons. EDS and Unlgraphlcs are trademarl<s Of 
registered trademarl<s of Electronic Data Systems. Inc. 02000 EDS. All rights reserved. 
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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 (RTTCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (609) 667-7737 for the FLC coordinator in your area. 

NASA'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 
Center 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: 
Information Earth and Artificial Intelli- Aerodynamics; Materials; 
Technology; Planetary Science genceand Flight Systems; Manufacturing; 
Biotechnology; Missions; UDAR; Human Computer Materials; Nondestructive 
Nanotechnology; Cryogenic Interface; Structures; Evaluation; 
Aerospace Systems; Ufe Sciences; Sensors; Biotechnology; 
Operations Tracking; Human Space Measurements; Space Propulsion; 
Systems; Telemetry; Flight Operations; Information Controls and 
Rotorcraft; Remote Sensing; Avionics; Sciences. Dynamics; 
Thermal Command. Sensors; Sam Morello Structures; 
Protection George Alcorn Communications. (757) 864-6005 Microgravity 
Systems. (301) 286-5810 Chatfene E. Gilbert s.a.morello@ Processing. 
Carolina Blake galcom@gsfc. (281) 483-3809 larc.nasa.gov Vemotto McMillan 
(650) 604-1754 nasa.gov cornmerciaIization@ (256) 544-2615 
cblake@mail. jsc.nasa.gov John H. Glenn vemotto.mcmillan 
arc.nasa.gov Jet Propulsion Research Center @msfc.nasa.gov 

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

James P. Dunn 
Center for Technology 
Commercialization 
Westborough, MA 
(508) 870-0042 

B. David Bridges 
Southeast Technology 
Transfer Center 
Georgia Institute of 
Technology 
(404) 894-6786 

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

Charles Blankenship 
Technology 
Commercialization Center 
Newport News, VA 
(757) 269-0025 

Pierrette Woodford 
Great lakes Industrial 
Technology Transfer 
Center 
Battelle Memorial 
Institute 
(216) 898-6400 

NASA ON-LINE: Go to NASA's Commercial Technology Network (CTN) on the World Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA's national network of programs, organizations, and services dedicated to tech­
noiogy 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 
St. SW, Washington, DC 20546. 

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

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

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

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

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

Roger Crouch 
Onice of Microgravlly 
Science Applications 
(Code U) 
(202) 358-0689 
rcrouch@hq.nasa.gov 

Granville Paules 
Onice of Mission to Planet 
Earth (Code Y) 
(202) 358-0706 
gpaJles@mtpe.hq.nasa.gov 

NASA's Business Facilitators 
NASA has established several organizations 
whose objectives are to establish joint spon­
sored research agreements and incubate 
small start-up companies with significant 
business promise. 

Wayne P. Zeman 
lewis Incubator for 
Technology 
Cleveland, 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 

Bridget\e Smalley 
UH-NASA Technology 
Commercialization 
Incubator 
Houston, TX 
(713) 743-9155 

John Fini 
Goddard Space Flight 
Center Incubator 
Baltimore, MD 
(410) 327-9150 xl034 

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

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

Joe Becker 
Ames Technology 
Commercialization Center 
San Jose, CA 
(408) 557-6700 

Marty Kaszubowski 
Hampton Roads 
Technology Incubator 
(langley Research Center) 
Hampton, VA 
(757) 865-2140 

Paul Myrda 
NASA illinois 
Commercialization 
Center 
West Chicago, IL 
(630) 845-6510 

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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NEW! RELEASE 13 

M TLABo 
IMULINK 

New-MATLAB 6.5 extends the desktop and lab 

• lIT-Accelerator technology for fast execution 

• Deployment to Excel, COM, and CIC++ 

• Connection to instruments via TCP/IP, UDP, and 
to new data acquisition boards 

• Statistical methods and curve fitting tools 

New-Simulink 5 extends simulation and embedded systems 

• Modeling for wireless, mechanical, and power systems 

• Intrinsic fixed-point 

• Rapid control prototyping with new 
XPC TargetBo hardware 

• Next generation of automatic production code 

• Targeting for rnicrocontroller ,D P , and FPGAs 

LEARN MORE TODAY 
visit www.mathworks.com/r13 
Articles, demos, and webinars on Release 13. 

The MathWorks 
For Free Info Enter No. 509 at www.nasatech.com/rs 

NEW 
10 NEW PRODUCTS 
33 UPDATED PRODUCTS 

www.mathworks.com/rI3 

(onned MATtA! 10 your inslruments. 

Simulate methonkol 
syslems and ,onlrolle,s. L-L...:...JL......L..:.. ...... a...a. 

Model. generole, and ,erify embedded ,ode. 

Speed up ,ode 
perfo,monce. 

C 1002 Tho ~Lllh\\ork.~ Inc. 
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' PRODUCT OF THE MONTH 

T
he DGx'· digi tal recording 
system from RGB Spectrum, 
Alameda, CA, capture, 
compresses, stores, and plays 

back images up to 1280 x 1024 pixels in 
real time over an analog interface, 
in dependent of the source of the signal. 
It captures computer, radar, and video 
in high-resolution digital format, plus 
audio. The system also features the DSS 
(Disk Drive SubSystem ), an external digi tal hard disk drive subsystem that 
offe rs extended digital reco rding capacity of up to nine hours, and h igh­
performance recording/playback. It features immediate, random access to 
recordings, including time stamps and event marks. The DGx digitizes inputs 
in real time and plays back from 6 to 25 frames per second, depending on 
image resolution . On playback, up to four images can be displayed 
simultaneously on a single monitor, or viewed simultaneously on two 
separate monitors. Applications include simulation and training, monitoring, 
incident investigation, and liability assessmen t. 

For Free Info Visit www.nasatech.comlRGB 

NASA Radar to the Rescue 

On a dark, stormy night, a small 
plane crash es in the mountains. 

Search and re cue teams can 't deploy 
until daylight, and even wh en the 
search does begin , the plane is hid­
den beneath so much brush, that it 
can 't be spotted from the air. ASA­
develo ped radar could be the rescue 
tool that finds the lost plane. 

Cente r in Greenbelt, MD - ar e 
working to see if Synthetic Aperture 
Radar (SAR) can de tect r emote 
crash sites. Curren tly, a two-to n 
Airsar (Airborne SAR) in trumen t 
fli es on NASA's DC-8, based at 
Dryden Fligh t Research Center in 
Edwards, CA. 

The side-looking radar can pene­
trate throu gh clouds, 
brush , and forests, an d 
can operate both day 
and night. Unlike con­
ventional radar, SAR 
uses a shorter antenna 
combined with data 
processing to achieve 
th e pro p e r i m age 
detail. Although SAR 
technology is 40 years 
o ld , sc ie n tis ts a re 
working to in crease 
the radar 's resolution 

Pilot Edwin Lewis inspects t he antenna for the Airsar instru- and speed the tim e 
ment. mounted behind the wing on NASA's D(-8 airborne lab. requi red to process 

Sc i e n tists a nd e ngin eers at 
NASA's J e t Propulsion Laboratory 
in Pasade na, CA - al ong with 
NASA's Search and Rescue Mission 
Office at Goddard Space Flight 
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th e d a ta. So m ed ay, 
radar could be carried aboard a 
search ai rcraft, an unmanned aerial 
vehicle, or even a satellite. 

For more information on Airsar, visit 
http://airsar.jpl.nasa.gov . 

www.nasatech.com 

What's New On-Line 

Each month in NASA Tech Briefs, we 
include a Technology Focus section 

that features tech briefs devoted to a par­
ticular subject. Starting with this month's 
Technology Focus on Computer, you can 
link to a new page on the NTB Web site 
that highlights hot products in that same 
subject area. 

The Technology Focus Products page at 
www.nasatech.com/ techfocus includes 
descriptions and photos of new commer­
cial p roducts, along with links to the ven­
dors' Web sites. From the p roducts page, 
you can also link di rectly to the available 
Technical Support Packages (TSPs) for 
the briefs appearing in each issue's 
Teclmology Focus in NTB. 

Check out this new, exclusive Web fea­
ture at www.nasatech.com/ techfocus . 

Take a look at tlle new navigation tools 
available for NASA Tech Brieft ' PDF edi­

tion. Download a free sample of NTB's 
PDF edition (4MB) at www.qmags.com/ 
ntb and test out new built-in features, 
including an easy-to-u e navigation bar at 
the bottom of every page, and an auto­
mated table of contents that instantly 
brings you to article of intere t. 

A replica of the printed magazine, the 
PDF edition is fully searchable, with hot 
links from editorial and ads to Web 
resources. You can build a digital library 
and search by keyword tllrough all back 
issues. 

U.S. sub cribers can receive lie PDF 
edition free of charge, or, for $2.00 per 
month, get both the printed and electron­
ic versions . International subscriptions 
also are available. 

To start your PDF ubscription, go to: 
www.nasatech.com/ subscribe . 

Next Month in NTB 

Look for our feature article on 
Computer Hardware in the 

September issue. We'll focus on 
the latest and greatest computing 
tools available for engineers, from 
high-end workstations to rugged 
laptops and tablet PCs. 
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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 in­
clude your name, company (if applicable), address, and e-mail address or phone number. 

I 'm looking for information on ultrasonic drilling and its 
applications for glass and quartz. Thanks in advance for 

any as i tance. 

S. Suavek 
uavek_ @hounail.com 

(Editor 's Note: NASA's Jet Propulsion Laboratory in Pasadena, 
CA, has done a substantial amount of research into ultrasonic 
drilling, and recently developed an ultrasonic drill/corer that uses low 
power and low pressure on the bit, drilling rocks as hal"d as granite. 
You can find out more about this device in the tech brief available 
th1"lJUgh the ABA Tech Briefs Web site at: www.nasatech.com/ 
Briefs/JanOl /NP020856.html. ) 

Technologies Wanted 
Periodically in Reader Forum, we feature abstracts of De­

mand-Pull Technology Transfer projects. These projects iden­
tify technology need within an industry segment - such as 
Augmentative Communication - and find solution to meet 
those needs. The Rehabilitation Engineering Research Center 
on Technology Transfer, in partnership with the Rehabilitation 
Engineering Research Center on Communication Enhance-

- custom variations available 

ment and the Federal Laboratory Consortium, has developed 
the Project on Communication Enhancement to identify tech­
nologies like those listed below to help persons with commu­
nication disabilities who use Augmentative Communication 
devices. For more details on the project, or to submit technol­
ogy proposals, visit http://cosmos.buffalo.edu/ aac. 

Communications Processing 
Augmentative and alternative communication (AAC) sys­

tems need advanced processing capabilities in order to im­
prove the rate and quality of communication. AAC systems 
should be tran parently usable out of the box with advanced 
capabilities learned in a natural, intuitive manner. 

Communication proce ing should support the construction 
of language at an appropriate level. Capabilities should include 
smart syntactic and semantic editing; hyperlinks from composed 
text to databases, references , and pre-stored text; efficient error 
correction; and access to a dictionary and thesaurus. The com­
munication processing should efficiently store, find, retrieve, 
merge, and modify text in order to improve the rate and quality 
of communication and literate composition. 

Persons using AAC systems also need wireless access to and 
control of personal computer, the Internet, cell phone , ap­
pliance , and home ecw-ity. 

repeatability, and resolution «1 arc-sec) 
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Dedicated 10 the 
ciellce of Matioll 

For COIIIplm product information, 
ri5It lIS at lIIfIIUI.aerotech.com. 
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Solid State Mission Data Recorder 

If it's worth a mission, it's worth a 

TEAC® 
Mission Data Recorders 

Friend or Foe. Shadow or Target. 
Verification of Action, Hot Debrief, Battle Damage Assessment (BOA), Time Critical 
Targeting and RECON. Reliable recording and fully synchronized/GPS time 
referenced replay of battlefield images are essential for key employment decisions, 
post-mission review, and training. TEAC 's MDR-80 digital Mission Data Recorder 
and integrated Mission Data Debrief Station lend support to the digital battlefield. 

• Solutions for MPEG-2 video/audio, 1553, and ACMI applications 
• Over 50 'plug and play' configurations to meet your mission needs 
• Mission data loading and recording in one LRU 
• Compact Solid State - Removable Memory Module (SS-RMM) 

configurations from 2GB to 14GB 
• Environmentally qualified for the most rugged applications 
• Video Image Capture transmission/receive option 
• Full featured ground debriefing stations with synchronized data 

Critical decisions require the best available information. Put our flexible MDR-80 
digital Mission Data Recorder on board any airborne or ground vehicle platform to 
ensure you record the images and data you need. And remember, it 's TEAC ... Your 
guarantee of performance, reliability, and worldwide logistic support. 

www.teac-recorders .com 
Tel. 323 .727.4866· Fax 323 .727 .4877 
e-mail: airborne@teac.com 
C 2002 TEAC Amerfca , Inc. All nghls reserved 

For Free Info Enter No. 515 at www.nasatech.com/rs 



Introducing POPmatic 
Point & Set~ the first 
reliable auto-feed rivet 
system. 
POPmatic Point & Set, our new 
auto-feed rivet system, delivers 
what no riveting tool has before. 
Consistent riveting at a rate 
faster than any current hand 
tool. Designed with a safe, self 
loading hopper that holds up 
to 2500 rivets, Point & Set 
accelerates the riveting process 
to previously impossible speeds, 
meeting the requirements of 
any production line. It's reliability 
in an otherwise unreliable world. 
For more information, call us at 
203-925-4424 or visit us on the 
web at www.emhart.com 

A IUCK&IIECKER COMPANY 

CERTIFIED 
ISO 9001 • OS 9000 

For Free Info Enter No. 516 
at www.nasatech.com/rs 

Who's Who at NASA 

Dr. Edward Snell, Senior Scientist, 
Laboratory for Structural Biology, 
Marshall Space Flight Center 

D r. Edward 
nell i a 

enior Scientist in 
the Laboratory 
for Structural Bi­
ology at NASA's 
Mar hall pace 
Flight Center in Huntsville, AL. As a crys­
tallographer, he is attempting to map the 
structure of disease-causing protein . 

NASA Tech Briefs: What is the novelty of 
this particular research? 

Dr. Edward Snell: Microgravity offers 
us an environment that ha been 
shown to grow crystal that are physi­
cally more perfect than those on the 
ground. We crystallize biological 
macromolecules that are important in 
understanding how diseases are cau ed 
and how they can be stopped. From x­
ray analysi of the crystals and a lot of 
hard work, we can get a picture of the 
macromolecule. 

In collaboration with Dr. Gloria 
Borgstahl at the University of Toledo, we 
have been studying how the better order­
ing occurs and what ph ical effects that 
has on the o-ystals. We have been looking 
at in ulin and developed new techniques 
to characterize the mi rogravity improve­
ments rapidly and tali tically. ASA has 
provided a grant to Dr. Borgstahl for this 
research, which has provided the eed 
funding for further investigations into 
other macromolecules, notabl orne re-
pon ible for cancer. 

NTB: What are the advantages of 
growing crystals on the International 
Space Station? 

Dr. Snell: Back in 1981, a sounding 
rocket wa used to grow a protein in mi­
crogravity while it was filmed with a spe­
cial camera. During the hort period of 
growth, clear differences were een in 
the growth from that on the ground. 
The film showed mooth fluid flow 
around the crystal compared to turbu­
lent convection on the ground. Our own 
studies with six microgravity and six 
ground-grown insulin crystals gave mi-

www.nasatech.com 

crogravity cry tals averaging 34 times 
larger volume with even-fold improve­
ment in cry tal quality, resulting in im­
proved tructural detail. 

We could grow the insulin Cl-ystal on 
the hort duration of the huttle mis­
ion, but many crystal growth experi­

ments need a longer time. The Space 
Station gives us thi time. It al 0 allow 
the potential for a much more exciting 
experiment. At present, when we grow 
crystals in the laboratory, we look at the 
results and start a new experiment u ing 
the knowledge from our observations to 
optimize the crystal. Our first crystal 
may not be uitable for X-ray analy i 
and several iteration may be needed. 
With the shuttle, ou had to wait until it 
came back, analyze the re ults, and wail 
until the next mission. With the long-du­
ration missions of the Space tation we 
may be able to do cience as we do it in 
the laboratory. Our experiments are very 
small; over a hundred could fit in a hoe­
box. The potential from them is very 
high depending on the ample being 
tudied, which makes them ideal for mi­

crogravity. 

NTB: What will this research mean for 
the treatment of cancer and diabetes? 

Dr. Snell: tructural cry tallography 
provide the picture of tl1e macromole­
cule. Once scientists have the picture, 
they can understand how the macromol­
ecule works and can design a drug to 
top or aid its function. A lot of work has 

gone into improving the quality of life 
for diabete patients. The in ulin we are 
studying i part of that work. Work on 
cancer, for which Dr. Borgstahl has ju t 
received funding, will advance the 
knowledge of that di ease. With enough 
knowledge come tl1e treatment or cure, 
but we'll have to wait a while, unfortu­
nately. The whole proces from crystal to 
tructure, and maybe a new drug, takes 

many years. Microgravity crystals giving 
more details help the proce s. 

A full transcript of this interoiew appears 
online at www.nasatech.com/wlwswho. Dr. 
Snell can be reached at eddie.snell@msfc. 
nasa.gov. 
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.liransducers Help Keep Shuttle Level 
Before Launch 

Model 0605 Angular Displacelllent Transducers (ADTs) 
Trans·Tek 
Ellington, CT 
800·828-39(14 
www.tr<lllstckinc.com 

Launch ing the h u ttle 
involves various critical steps, 
including many preparations 
thal precede the actual night. 
Moving the spacecraft into p lace 
is one of the more significant under­
takings. Using a ma sive Crawler / 
Transporter, the Mobile Launching Platfonn 
and the shuttle orbiter are slowly carJied from the 
Vehicle As 'embly Building to the launch pad. 

_Gideo Guidance Sensor Helps 
Satellite Docking 

dvanced Vid 0 Guidance Sensor (AVGS) 
AdvanCt~d Optical Syst 'illS 

llunt 'viII • AL 
256·971·0036 
www.aos-inc.com 

ASA's Demonstration of Autonomous Rendezvous 
Technology (DART) was created to locate and rendel\'oll with 
other spacecraft wi.thout direct human guidance. While NASA 
has performed rendezvous and docking m issions in the past. 
astronauts have a lways p iloted th e spacecrafts. The 
autonomous rendezvous capabilities demonstrated by DART 
will lay the groundwork for future reusable manned and 
unmanned launch vehicle operations. 

The DART ve hicle wi ll be launched and inserted into a cir­
cu lar parking orbit. The vehicle will then perform a series of 
orbit transfers to arrive at a point near a target satellite using 
GPS navigation. The vehicle's main instrument is the 

dvanced Video Guidance Sensor (AVGS) . an optical sensor 
with no moving parts that provides 6-degree-of-freedom 
infonnation at 75 Hz update rates [or autonomous docking 
of a chase vehicle with orbiting satellites possessing passive 
target clusters. 

Designed by Advanced Optical System and Orbital Sciences' 
Technical Services Division, the AVGS consists of a monostatic 
optical transceiver with four I-watt diode lasers multiplexed into 
a single-fiber emitter to illuminate a ± 12° aperture in front of the 
chase vehicle. Optically reElective comer cubes are mounted on 
the target satellite and arranged in a uiangle paltem with the 

To keep the shuttle level on iL~ way to the launch pad, se\'­
eral Trans-Tek angular d i ~placement transducers (ADTs) will 
be incorporated into the transporter's leveling and steering 
systems. T he ADTs are replacing ro tary potentiometers, 
which d id not satisf} specified accuracy requiremenL~ and 
wore out too qu ickly. 

The ADTs wi ll be used for angular position feedbac k 
on servovahes located throughout the crawler. Some of 

these servovalves are linked to pump drives that con­
tro l the steering function for each of the four 

doub le-tracked bogies. Other servovalves 
control the jacking. equalizing. and le\'el­
ing of tlle launching platform as the 
transporter negotiates a 5% ramp leading 
up to the launch pad. T he tip of the 
orbiter is kept vertical within len minutes 
of an arc, or about the diameter of a bas­
ketball, during the five-hour journey 

to the launch pad. 
For Free Info Visit www.nasatech.comltranstek 

optical axis of all three corner cubes pointed in the same direc­
tion. Laser light reflected by the corner cubes is collected by an 
imaging lens and projected onto a 1024 x 1024 CMOS imager. 
Pattern recognition algorithm identify the spot centroids of 
each corner cube to determine range, bearing, and attitude of 
the chase I'ehicle with respect to the target satellite. Electronics 
reduce the amount of imager data to provide relative navigation 
information over an RS-422 erial communications port to the 
on·board computer. 

sing the AVGS, DART will approach the target satellite 
within a distance of ] 5 meters and perform a station keep 
maneuver. Finally, the vehicle will demonstrate a collision 
avoidance maneuver, then de pan the vicinity and transition to 

its final orbit. The entire sequence will be accomplished under 
autonomous control and i partially enabled by the AVG 

For Free Info Visit www.nasatech.com/aos 
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Technologies of the Month 
Sponsored fly ye ttcom 

For more information on these and other new, licensable inventions, 
visit www.nasatech.com/ techsearch 

Water-Based Binder System Enables Fast, 
Low-Cost Ceramic Injection Molding 

Honeywell 

Ceramics have been instrumental in the manufacture 
of critical components in electronics, avionics, and trans­
portation . However, the process to create ceramic parts has 
been slow, co tly, and in­
efficient. One solu tion is 
injection molding usually 
composed of wax and 
plastic binders. 

A binder made from 
water and agar - an or­
ganic, sugar-ba ed gum -
has proven to have many 
advan tages over conven­
tional binders including 
use of low-co tOTS injec­
tion-molding equipment, 
lower molding pressure for less part stre s and longer mold 
life, formation of both thick- and thin-walled complex parts, 
no toxic waste stream, and no binder burn-out stage. 

Get the complete report on this technology at: 
www.ltaSatech.com/techseardl/tow/Honeywell-binder.html 

Email: nasatech@yet2.com 
Phone: 617-557-3837 

Pressure-Sensitive Paint for 
Wind Tunnel Testing 
BAE SYSTEMS Advanced TechltOlogy Centre 

Wind tunnel testing has been an accurate method of ver­
ifying the design of virtually anything that moves or is sub­
jected to high winds such as cars, trucks, aircraft, spacecraft, 
ship, and buildings. However, traditional wind tunnel test­
ing require expensive, time-con uming pressure-plotted 
models that incorporate multiple embedded sensors in 
fixed location in the model' urface . 

A new technology called SUPREMO combines pre sure­
sensitive paint and laser excitation, providing data and 
analys is over a greater surface area than conventional test­
ing method and implifying model con truction. A 
collinear photodetector mea ures and record tile pho­
phorescent decay at multi-kilohertz rates, providing near­
real-time analysis of the pressure exerted upon the urface 
area of tile model. 

Get the complete report on this technology at: 
www.nasatech.com/teclzsearch/tow/BAE.html 

Email: nasatech@yet2.com 
Plwne: 617-557-3837 

Encrypted Video Surveillance Technology 
Assures Privacy Rights 

KPN 

There is a legitimate need for a certain level of surveillance to 
protect communities, citizens, property, companies, and organi­
zations. The challenge is to balance this need wi th the concern 
for privacy. An encrypted video surveillance system ensures 
bOtil the privacy of individuals and the ability of business and 
government agencie to prevent theft and damage. The key 
component of this system is the BGR PrivaCAM, a digital cam­
era that takes recorded images and divides tllem into a serie 
of di crete information stream. ing an encryption 
method call ed "secret sharing," these data streams are sep­
arated and ent to several different, authorized recipients. By 
themselves, the stream are useless, making it impossible to re­
con truct the image. The device i used where a video record 
of events or a passive monitoring of activities is required. 

Get the complete report on this technology at: 
www.nasatech.com/techsearch/tow/KPN.html 

Email: nasatech@yet2.com 
Phone: 617-557-3837 

Improved Liquid Flow Through 
an Orifice 
Kimberl~Clark 

Composed of an ultrasonic horn immer ed in a pre surized 
liquid chamber and an extended nozzle, a proprietary appli­
cation of ultrasonic energy improves 
efficiency and tllroughput of spray 
and flow nozzle by applying ultra­
sonic energy to tile liquid. Ultra­
sonic energy applied to the horn 
changes the liquid viscosity near the 
exit OIifice Witllout vibrating the ori­
fice or nozzle body. 

In tests, this technology demon­
strated increased nozzle flow rate, 
increased velocity and penetration 
of the droplets, decreased average 
diameter of the droplets, decreased 
size di tribution of tile droplets, and 
decreased vi cosity of the liquid at 

-Hom 

the point of injection . Applications include high-volume fuel 
irtiectors, ulrbine combustors, spray drying, coating applica­
tions, and plastic extrusion. 

Get the complete report on this technology at: 
www.nasatech.com/teclzsearch/tow/ Kimberly.html 

Email: nasatech@yel2.com 
Phone: 617-557-3837 
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New in the NASA Tech Briefs 
Detailed Mechanical 
Design: A Practical 
Guide 
A superb compendium of 
principles, guidelines, & tips 
for designing mechanical 
parts and assemblies. Filled 
with descriptions & examples 
of real-world, proven ideas. 
$45.00 

Technology 
Management 
Developing and 
Implementing Effective 
Technology Licensing 
Programs 
Features in-depth case 
studies, sample agreements, 
& expert advice on marketing 
research, licensing 
strategies, & deal making. 
$65.00 

Industrial Power 
Engineering 
Handbook 
Five-part, 992-page guide 
to all aspects of electrical 
power engineering: power 
drives, controls, power 
transfer/distribution, 
protection, maintenance, 
& testing. $149.95 

Patent Strategy: 

Venture Capital: 
The Definitive Guide 
for Entrepreneurs 
and Investors 
Learn from the pros 
how to make a business 
attractive to VCs, how to 
negotiate agreements, 
& how to manage investor 
relationships. $34.95 

The Manager's 
Guide to 
Profiting from 
Patent Portfolios 
Step-by-step guide 
to the patent process, 
laws, & basic 
strategies, written for 
business managers. 
$59.95 

Fluid Flow 
Measurement 
A Practical Guide 
How to turn theory 
into practice. Covers 
laws/principles, physical 
characteristics/behavior 
of gases & liquids, 
& the dynamics of flow. 
Examines applications 
of meters & more. 
$49.95 

Embedded 
Systems Design 

Directory of Venture 
Capital, 2nd Edition 
Profiles more than 600 
venture capital firms 
with addresses, phone 
numbers, types/sizes of 
investments, geographic 
preferences, etc. $39.95 

A practical introduction 
to the hottest topic in 
electronics design. 
Covers hardware, 
interfaCing, & 
programming in 
one 448-page book. 
$49.95 

Metric Standards 
for Worldwide 
Manufacturing 
One of a kind sourcebook 
featuring 700+ pages of 
metric standards & key 
approaches to metrication. 
Lists metric sizes for nuts, 
bolts, screws, seals, gears, 
& hundreds of other 
manufacturing materials. 
$1 30.00 

For more info & to order online: www.nasatech.com/store 
r----------------------------------------------------- --------------------------------------------------
I 

RUSH ME: 

o Detailed Mechanical Design ($45.00) o Venture Capital: The Definitive Guide ($34.95) o Directory of Venture Capital , 2nd Edition ($39.95) 

o Technology Management ($65.00) o Patent Strategy ($59.95) o Embedded Systems Design ($49.95) 
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Big Expectations for Small Products 
epending upon which study or 

O report you read, the MEMS (mi­
croelectromechanical systems) 
market is either experiencing a 
booming growth, or is moving at 

a snai l's pace. But while market predic­
tions and dollar figures vary widely, the 
fact is that MEMS will continue to de­
velop as one of the most important tech­
nologies in the 21st century. 

MEMS are defined as micron-sized de­
vices that sense or manipulate a physical 
environment. They are manufactured, 
or fabricated, using the same microma­
chining techniques used by the micro­
electronics industry. The tiny devices 
can range in size from just a few microns 
to a millimeter, and are commonly chip­
level devices fabricated on silicon, 
similar to semiconductor manufac­
turing. What makes MEMS special is 
that they are complete microsystems 
on a chip that can contain moving 
parts, as well as optical, chemical, 
and electrical components. Simply, 
they are the smallest machines that 
can go where other mechanical de­
vice cannot. 

And as with any grmving market, 
expectations often exceed reality. 

In1get printers use MEMS devices to 
pump ink. Hospitals use blood pressure 
monitors that incorporate MEMS pres­
sure sensors. 

According to Bang, MEMS technology 
already is successful. "There are a lot of 
very high-volume, successful applica­
tions already." But, he added, it's not un­
usual for a new technology to take ten or 
20 years to really come to fruition. 
"When people talk about MEMS being 
slow to commercialize, I think that it's 
slow relative to expectations that may 
not be realistic. If you look at what's in 
the pipeline, there are a lot of exciting 
new things being developed. Some 
things will work and some things won't 
pan out." 

promise for future MEMS devices, but 
just when those devices will be mar­
ketable is still unclear. 

"There are applications surfacing," ex­
plained Grace, "but it's taking a lot longer 
than people, including myself, had pre­
dicted. There is no freeway to the high­
volume applications that we thought 
would exist." Grace predicted that over 
time, more MEMS technology will be ab­
sorbed by the automotive industry - al­
ready a prime market for MEMS - and 
the consumer appliance industry. 

"There are not a lot of killer applica­
tions for MEMS," according to Grace. 
"There are a lot of high-volume applica­
tions that people see in the future, but 
this is not what's happening now. This is 

not high-volume production, and it 
won 't be for two or three years." 
Added Grace, "It's not a business 
where there is lots of money avail­
able. There are only a small number 
of killer applications, and everybody's 
fighting for them." 

The MEM Industry Group - a 
trade association repre enting the 
U.S. MEM and microstructures in­
dustries - predicts that MEMS will 

MEMSIC's MEMS-based accelerometer contains no moving parts, and 
combines the sensor and associated electronics on a single chip, which 
is manufactured on a standard, sub micron CMOS process. 

be an 8 to 15 billion industry by 
2004. A report by Technical 
Insights, a division of Fro t & Sulli­
van, recognizes a lower growth in 
MEMS applications than predicted. 

The U.S. government recogrtized 
the need for additional funding for 
the nanotechnology field when the 
Clinton Administration established 
the ational anotechnology initia­
tive (NNI) in 2000. The NNI, which 
includes participation by agencies 
such as ASA, the ational Science 
Foundation, and the National insti­
tutes of Health, was de igned to sup­
port 10ng-telID nano cale research 

Said Chris Bang, director of applica­
tions for MEMGen, a Burbank, CA­
ba ed company that provides manufac­
turing ervice for MEMS device, 
"There ' an i ue of expectation . Be­
cause MEMS technology is exciting and 
has lots of potential, there is a ten­
dency to say that in three years, all of a 
sudden there 's going to be thi huge 
explosion. That's not necessarily the 
case. That may not happen," Bang ex­
plained, "and that doesn ' t necessarily 
have to happen in order for a new tech­
nology to be successful." 

uccessful applications of MEM de­
vices already exist. Each time an airbag is 
deployed in a ar accident, a MEMS de­
vice i responsible for that activation. 
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MEMS market research analyst, Roger 
Grace, agree . "MEMS is a successful in­
dustry, but there i a long way to go. 
We're still very early in the evolution of 
the industry. anotechnology is a 50-
year-old industry - we've grown very 
lowly." Grace explained that with any in­

dustry, especially such an R&D-intensive 
industry, "you don 't take off right out of 
the box." 

Part of the problem is getting these 
exciting new MEM device out of the 
laboratories and into the commercial 
market. While new MEMS appHcations 
and innovations have been consi tently 
produced in re earch and univer ity 
labs, only a small portion of those appli­
cation have resulted in commercial 
products. The biomedical and telecom­
munication industries hold tile most 

www.nasalech.com 

and development in areas such as 
electronics, the environment, energy, 
chemicals, agriculture, materials, manu­
facturing, information technology, and 
biotechnology. The original budget of 
$270 million in 2000 was increased by 
83% to 495 million last year. 

Making MEMS 
MEMS manufacturing capacity ap­

pears to be strong, according to the 
Frost & ullivan Technical Insights re­
port. New fabrication facilities are on­
line, and traditional emiconductor 
foundrie are getting involved with 
MEMS, the report state. 

"What' hot now is what' happening 
with the companies that are making 
tools," said Grace. "There are a lot of com­
panies making semiconductor fab tools 
specifically for MEMS. In the past they 
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didn't do that, but over the past few years, 
they've realized that MEMS requirements 
are very unique. This is a major manufac­
turing trend." 

Today, the capacity for manufacturing 
MEMS devices is outpacing the number 
of devices being manufactured. Compa­
nies new to the MEMS manufacturing 
business are taking their cue from the 
semiconductor industry and looking to 
"fab-Iess" manufacturing. "When 
companies start up in the 
MEMS business, 
they are no 
longer 
building a 
facility and 
buying fab 
equipment 
because there 

Eledric potential in a 
capacitor for a MEMS application 

is shown in this simulation from 
(OMSOL's FEMLAB software. 

is so much equipment that is not being 
utilized," explained Grace. "There is so 
much capacity to make MEMS, and less 
than ten percent of that capacity is being 
utilized." 

MEMS manufacturing facilities often 
are categorized by the proce they use. 

ome specialize in urface micromachin­
ing, whicll uses a lithography process sirn-
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ilar to chip manufacturing, and others use 
bulk micro machining, which involves 
etching onto wafers. Other companies 
produce metal parts, such as MEMGen 
(see ' CAD to MEMS" sidebar above). 

Andover, MA-based MEMSIC is a semi­
fabless integrated circuit (IC) company 
that designs, manufactures, and markets 
MEMS IC products that have on-clUp 

mixed signal processing. These prod­
ucts include accelerometers and 

sensors that are combined 
with associated elec­

tronics onto a sin­
gle chip. 

Standard­
MEMS was 
the first fully 
integrated 
MEMS com-

pany, providing 
product design, emi­

conductor fabrication, prod-
uct packaging, and systems integra­

tion. The company ha produced more 
than 50 million device to the commer­
cial market, including inkjet print 
heads, a DNA analysis chip, RF switches, 
gyroscopes, and automotive pressure 
sensor devices. tandardMEMS pro­
vides surface, bulk, and integrated 
CMOSj MEMS pro e ing, as well as 
etching, metalization, thin film engi­
neering, wafer bonding and dicing, and 
laser material proce sing. 

www.nasalech.com 

Earlier this year, Olympus Optical an­
nounced the launch of its MEMS 
Foundry Services, which offers MEMS­
engineered design , prototypes, and 
production facilities. The San Jose, CA­
based project provide companies with 
equipment and test capabilities such as 
image and photo sen ors, optical scan­
ners, and diagnostic tactile sensors, as 
well as small-lot production contracting 
services. 

Before MEMS devices can be pro­
duced, they must be designed, often 
using MEMS-specific design software. 
Some companies - such as MEMSCAP 
and Coming IntelliSense Corp. - pro­
vide both design software and the manu­
facturing facilities to produce the devices. 

MEMSCAP offers two MEMS design 
software tools: MEMS Xplorer~ for 
UNIX workstations, and MEMS Pro~ for 
PCS. The software enables designers to 
develop MEMS designs, integrate exist­
ing designs, and couple them with the 
system electronics that will drive the de­
vices. They support leading electronic 
de ign automation tool u ed for inte­
grated circuit development. Developers 
also can customize the software to target 
a particular type of foundry. 

Corning IntelliSense developed the 
first commercial CAD for MEMS tool, 
called IntelliSuite'", which designs, imu­
lates, and optimizes MEMS prior to fab­
rication. It incorporates process tem-

27 



The new Model 332 
Temperature Controller 
offers advanced features for 
temperature measurement 
and control down to 1K. 

• Two control loops: 
50 Wand 10 W 

• Scalable excitation current 
for optimal NTC RTD 
performance 

• Current reversal for 
resistance temperature 
sensors 

• Supports diode, RTD, and 
thermocouple sensor 

LakeShore 
Lake Shore Cryotronics, Inc. 
575 McCorkle Boulevard 
Westerville, OH 43082-8888 
Toll free 1-800-394-2243 
Telephone 614-891-2244 
marketing@lakeshore.com 

For Free Info Enter No. 520 
at www.nasatech.com/rs 

_. " IT','" -,. - • ,~:,~,I\ 1 

MEMS Conference , S~t for S~ptember ,_~_~_ ' :'~!n~ 

The seventh International Conference on the Commercialization of Micro and Nanosys­
tems (COMS 2(02) atthe Marriott Eagle Crest Resort in Ypsilanti, MI. from September 8-12, 
2002, is expected to draw more than 300 leaders in the field. Sponsored by the Micro and 
Nanotechnology Commercialization Education Foundation (MANCEF), the event will be at­
tended by professionals involved in the investment and transfer of micro and nanotech­
nology to the marketplace, including users, suppliers, service/equipment providers, in­
vestors, and analysts. 

Key issues for discussion include applications, market analysis and trends, government 
policy, industry standards, manufacturing resources, venture capital funding, and cost mod­
els. Panel discussions and speeches will be given by prominent industry professionals. 

For more information on the technical program, speakers, exhibitor opportunities, 
accommodations, and to register online, visit the Web site at: www.coms2()(}2.org . 

plates, material data, mask layout, and 
device analysis. 

Other MEMS-specific software has been 
introduced by traditional simulation and 
analysis software vendors. ALGOR, Inc. 
offers a MEMS simulation solution called 
Professional MEMS Simulation that links 
electrostatic analysis to stress analysis 
tools. The package enables engineers to 
simulate the real-world behavior ofMEMS 
devices using its Mechanical Event Simu­
lation (MES) . MES simultaneously repli­
cates the dynamic flexing behavior of a 
component or mechanism ' to predict 
stresses that may result from motion or 
from the interaction of the part with 
other independent objects. 
FEMlAB~, a scientific modeling and 

simulation environment from COMSOL, 
has a multiphysics feature that lets users si­
multaneously model any combination of 
phenomena, an ability that is crucial in 
the MEMS field. These phenomena in­
clude electromagnetics, structural me­
chanics, fluid mechanics, transport phe­
nomena, and acoustics. 

Simulation software supplier ANSYS 
features MEMS analysis capabilities in its 
ANSYS/ Multiphysics product, which has 
physics capabilities directly applicable to 
areas of microsystem design. Key features 
include electrostatics, high-frequency 
electromagnetics, and electrostatic-struc­
tural coupling. 

A Standard Problem 
One thing the MEMS industry lacks 

today is standards. Since there are so 
many diverse applications for MEMS 
devices and technologies, composing 
one set of standards is a daunting, if 
not impossible, task. For example, how 
does one write standards that govern 
MEMS devices used in both medical 
and automotive applications? 

The solution seems to be common 
manufacturing standards and separate 
application standards. Semiconductor 
Equipment and Materials International 
(SEMI), the international standards 
group for the semiconductor manufac­
turing industry, has established a com­
mittee to draft MEMS manufacturing 
standards. 

"We're looking at standards that 
have already been developed for the 
semiconductor industry that have a 
high degree of applicability to MEMS," 
explained Grace, a member of the 
SEMI committee. "Many of the 
processes in MEMS are similar to those 
in semiconductor manufacturing. The 
people designing MEMS need to know 
what those standards are. " 

The reason these standards don 't al­
ready exist for an industry that's been 
around since the 1960s? Said Grace, 
"Standards are for mature industries. 
This is not a mature industry." 
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Sponsored by ye~com 
Connecting Technology Needs with Technology Solutions 

Looking for technology solutions created by the 
world's leading technology providers? 

Ultrasonic Nozzle System Improves All JYpes 01 Liquid Flow 
Kimberly Clark's patented technology uses ultrasonic energy to improve efficiency and 
throughput for both equipment suppliers and end users who spray or extrude fluids of all 
types through nozzles. This unique ultrasonic nozzle system is self-cleaning and delivers 
improved spray properties, a more regulated spray, and a number of other benefits. This 
technology can be used in any industry involved with spraying fluids, from automotive to 
plastic processing to hot melt application to chemical processing -- in almost every case the 
spray efficiency and effectiveness can be improved. http://www.yet2.com/nasatech/209 

Low Cost, Low Density Ceramic Fibers Pet1ect Replacement 
tor Costly Superalloys and Ceramics 
Bayer AG has developed low cost, low density ceramic fibers exhibiting superior high 
temperature mechanical properties compared to superalloys and existing ceramic fibers. 
These fibers are used to manufacture ceramic matrix composites which have major applica­
tions in aerospace and power generation, where it is anticipated that significant operational 
cost reductions can be achieved through weight saving and higher thermal efficiencies. 
SIBORAMIC is corrosion resistant and lightweight - providing weight reductions of approxi­
mately 40% compared to other ceramic fibers and as much as 70% compared to typical 
superalloys. http://www.yet2.com/nasatech/21 0 

Piezo-Beam Sensor Ideal Low Cost, Hi Rei Solution 
For Critical Position Indicator Systems 
Honeywell is offering cutting edge technology for position sensing systems. Currently used 
on aircraft to sense valve positions, this unique device utilizes a sensor beam in an instrument 
which is low cost, lightweight. modular, and able to operate reliably in extreme engine 
environments. The 'piezo-beam' has no electrical contacts--a substantial improvement 

Plezo Beam Valve Sensor 
CIooops 

over conventional position sensors. The device is lightweight and inexpensive, with few =::: ... 
parts and an interchangeable, modular design for easy replacement during maintenance. 

- ... _.-1 A standardized design enables it to be used in a wide variety of applications, enabling 
high volume manufacturing with reduced production costs and higher margins. Its 
potential applications are extensive, including aircraft environmental control system 
valves, commercial HVAC systems, CNG processing and safety controls. gas and 
fluid transfer systems, and many more. http://www.yet2.com/nasatech/211 

Versatile, Super Water Repellent Can be Controlled by Light 
Hitachi has invented a robust, fluorine-containing compound that could provide superb 
water-repellency for a wide range of materials and products while remaining active for 
longer periods of time. This organic surface treatment utilizes commercially available 
chemicals applied in a relatively straightforward process. 

The flexibility and versatility of this technology make it suitable for a broad range of 
applications, including anti-corrosion coatings, electronics packaging, architectural 
coatings, anti-icing treatments. fabric coatings, heat exchange surfaces, low-friction 
coating for machine parts and as a protective layer for recording media, to name a few. 
A variation of the technology enables the degree of water repellency to be controlled by 
exposure to light. http://www.yet2.com/nasatech/212 
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+-+--+ Technology Focus: Computers 

• Miniature Fuel Cells for Small, Portable Electronic Devices 
A significant portion of the bulk and complexity of conventional fuel cells is eliminated. 

NASA s Jet Propulsion Laboratory, Pasadena, California 

Miniature fuel cells in a "flat-pack" 
configuration are being developed as al­
ternatives to rechargeable batteries in 
cellular telephones, laptop computers, 
and other mall, portable electronic de­
vices. These fuel cells exploit the elec­
trochemical oxidation of organic fuel 
(usually methanol) in air. Whereas 
power sources based on state-of-the-art 
lithium-ion batteries have specific ener­
gie of no more than =150 Wh/ kg, 
power sources based on the present de­
velopmental fuel cells are expected to 
have specific energies between 500 and 
1,000 W·h/ kg. Moreover, whereas one 
must often wait for batterie to be 
recharged before using them, a fuel cell 
can be refueled and used immediately. 

Conventional fuel-cell assemblies in­
clude bipolar plate stacks, pumps, blow­
ers, and other ancillary items that not 
only contribute to cost but also add bulk 
and complexity, thereby posing consid­
erable impediments to miniaturization. 
In the pre ent developmental fuel cells, 
the flat-pack configuration is part of an 
overall improved design that eliminate 
much of the bulk and complexity. 

A flat-pack fuel-cell assembly can in­
clude one or more fuel cells electrically 
connected in serie and/ or parallel to 
obtain the required current and/ or volt­
age rating. A typical basic flat-pack fuel­
cell assembly (see figure) contains a sin­
gle polymer electrolyte membrane that 
serves multiple cells. The cathodes of all 
the cells are located side by side in the 
same plane on one side of the mem­
brane, while the anodes of all the cells 
are imilarly located on the other side of 
the membrane. A fuel-feed manifold 
and a wick deliver fuel in regulated 
amounts to the anodes. The cathodes 
are expo ed to air in a manner similar to 
that of metal/ air batteries. 

Series electrical connections be­
tween adjacent cells are made in the 
form of po ts that extend through the 
membrane. These posts are made from 
such corrosion-re istant, electronically 
conductive materials as graphite, plat­
inum, and/or gold, along with (if 
needed) an appropriate table poly­
meric binder. Alternatively or in addi-
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tion , parallel and/or series electrical 
connections among cells can be made 
in the form of thin edge connector 
plates that include egmented strip 
conductors made of gold or graphite. 

Fabrication of a multiple-cell mem­
brane/electrode assembly like that 
shown in the figure involves the applica­
tion, to the membrane, of catalyst layers 
and backing structures for the anodes 
and cathodes. The techniques of fabri­
cation include the use of catalyst inks 
and either the use of pre-coated elec­
trodes or else sputter deposition of the 
electrodes. Gas-diffusion backing layers 
are preferably bonded to the membrane 
by hot pressing. Optionally, nonbonded 
backing layers can be used instead of 
bonded ones. 

The preferred anode catalyst is Pt-Ru; 
the preferred cathode catalyst is Pt. The 
anode structure is made hydrophilic so 
that an aqueous olution of liquid or­
ganic fuel can readily flow to the cataly t 
layer and the carbon dioxide product 

can readily leave the anode surface. The 
cathode i made hydrophobic to ex­
clude water and thereby facilitate the 
flow of air. 

This work was done by S. R Narayanan, 
T. l. Valdez, Filiberto Clara, and Frank Har­
vey of Caltecll for NASA's J e t Propulsion 
Laboratory. For further irifonnation, access 
the Technical Support Package (TSP) free on­
lille at www.nasatech.com/tsp under the 
Electronic Components and Systems category. 

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

Intellectual Assets Office 

JPL 
Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
E-mail: ipgroup@jpl.nasa.gov 
Refer to NP0-21066, volume and number 

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

FueIFeed~ ________________________________________ __ 

BASIC FLAT-PACK FUEL-CELL ASSEMBLY 

TWO BACK-TO-BACK BASIC SUBASSEMBLIES WITH 
COMMON FUEL FEED 

A Basic Flat-Pack Fuel-Cell Assembly takes up less space than does a conventional fuel-cell assembly 
of the same capacity. Multiple basic subassemblies can be combined in a compact back-to-back con­
figuration to increase capacity. 
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= "Morphing" in Evolutionary Synthesis of Electronic Circuits 
The search for viable circuits can be conducted more efficiently and thus faster. 
NASA:S Jet Propulsion Laboratory, Pasadena, California 

A method of automated evolutionary 
synthesis of electronic circuits has been 
augmented by a concept called "morph­
ing through fuzzy topologies." Previou 
versions of the method provided for the 
evaluation of "crisp" topologie were 
preci ely specified by open/ closed 
(on/ off) interconnection switches. The 
pre ent, augmented version provides for 
evaluation of topologies specified by 
switche that upport partial degree of 
opening. These "fuzzy" topologies with 
partly open, partly closed switches have 
behaviors very similar to tho e obtained 
by a combination of "crisp" topologies. 
It is almost as if everal "crisp" topologies 
are uperimpo ed on each other, and 
are evaluated imultaneously when the 
fuzzy topology is evaluated. Like the pre­
vious ver ion , the pre ent version is ex­
pected to enable the synthe is of a vari­
ety of digital and analog circuits with 
de ired functional re ponses. 

Previous, di crete-topology ver ions of 
the method were de cribed in "Reconfig­
urable Arrays ofTran istors for Evolvable 
Hardware" (PO-20078) , I\:A Tech 
Briefs, Vol. 25, o. 2 (February 2001), 
page 36; and "Evolutionary Automated 
Synthe is of Electronic Circui " ( P -
20535), II Tech Briefs, Vol. 26, o. 7 
Quly 2002), page 33. To recapitulate: 
"Evolution" is used here in a quasi-ge­
netic en e, ignifying the onstruction 
and te ting of a sequence of population 
of circuits that fun tion as incrementall 
better olutions of a given de ign prob­
lem. The circuits are implemented ei­
ther in oftware simulations or in hard­
ware. Evolution in hardware involves the 
use of electronically reconfigurable ar­
ra of tran i tors as analog switche for 
the elective, repetitive connection and 
di connection of tran i tor and other 
circuit building blocks. The evolution i 
guided b a search-and-optimization al­
gorithm (in particular, a genetic algo­
rithm). At each tep of the evolutionary 
proces , the circuits are ranked accord­
ing to how clo e their behaviors come to 
the de ired behavior. A new population 
of circuits i generated from a selected 
pool of b t circuits in the previou gen­
eration , ubject to uch genetic opera­
tors chromo om cro over and mu­
tation . The proces i repeated for man 
generations, yielding progre i eI b t­
ter cir uits. The criterion for topping 
th evolution can b the reduction of 
error below a certain thre hold or 
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reaching a predetermined number of 
generations. 

The present, augmented method ap­
plie primarily to evolution in hardware 
and secondarily to sofnvare simulations in 
which highly accurate mathematical mod­
els of circuits are used. The hardware im­
plementation would involve the use of 
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ohm , in the "on" state) and high values 
(- hundreds ofMn in the "off" state). 

By virtue of the intermediate values of 
the switch resistances, the response of a 
given circuit topology is almost as if one 
would combine the re ponses of several 
circuit topologies specified by on/ off 
witches. The superposition of circuit 

topologies would be characterized as 
"fuzzy" becau e it would blur the bor­
ders among distinctive circuit topolo­
gies: the resulting circuits would belong, 
only to certain degrees, to discrete 
topologies, in each of which any two 
given components are either connected 
or not. In effect, a fuzzy topology would 
contain many "seeding" topologies with 
superimposed effects. The role of evolu­
tion would be, in part, to isolate the 
most promising one of the seeding 
topologies present. In till other words, 
evaluation of a fuzzy topology would be 
omehow equivalent to imultaneous 

concurrent evaluation of several super­
imposed circuit configurations. 

The genetic algorithm would specify 
whether each switch would be in a low-

or high-resistance state, but in a proce 
somewhat reminiscent of annealing, the 
numerical meanings of "low" and "high" 
would change gradually as a function of 
a temperature-like parameter. Initially 
the temperature-like parameter would 
be high, causing the "low" and "high" 
switch status to have values close to each 
other. Gradually (typically over ",,100 gen­
erations to ensure quasi-static response), 
the temperature-like parameter would 
be made to decrease, causing the switch 
resistances to become polarized to their 
extreme high ("off") and low ("on) val­
ues. This annealing-like proces would 
induce modification of the circuit to be 
evolved. The evolutionary effect of this 
annealing-like process is what is meant by 
"morphing through fuzzy topologies." 

Tests both in simulations and in hard­
ware by computational imulation have 
led to the preliminary conclusion that in 
comparison with a discrete-topology ver­
sion of the method implemented with 
binary switches , morphing through 
fuzzy topologie is about an order of 
magnitude more efficient as a means of 

searching for a desired circuit topology. 
Promi ing individuals (with higher fit­
ness) have been found much earlier in 
the search. 

If the goal in a given situation is to ob­
tain a discrete topology, then morphing 
through fuzzy topologies can accelerate 
evolution toward the goal. On the other 
hand, in orne cases, the degrees of 
opening of the witches could be re­
garded as extra degrees of freedom for 
design problems, thereby making possi­
ble increased numbers of olutions. 

This work was done by Adrian Stoica 
and Carlos Salazar-Lazaro of Caltech for 
NASA's J e t Propulsion Laboratory. For 
further information, access the Technical 
Support Package (TSP) free on-line at 
WUIW.nasatech.com/tsp under the Electronic 
Components and Systems category. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad­
dressed to the Patent Counsel, NASA Man­
agement Office-JPL; (818) 354-7770. Refer 
to NP0-20837. 

• Mixtrinsic Evolutionary Synthesis of Electronic Circuits 
Designs are expected to be more robust and portable. 
NASA:S Jet Propulsion Laboratory, Pasadena, California 

A method of automated synthesis of 
analog and/ or digital electronic circuits 
involves evolution in both software simu­
lations and hardware. Heretofore, the 
evolutionary automated ynthesis of elec­
tronic circuits has been accomplished by 
use of either software simulations or hard­
ware, but not both. Evolution in oftware 
has been called "extrinsic," while evolu­
tion in hardware has been called "intrin­
sic." Because evolution by the pre ent 
method involves both intrinsic and ex­
trin ic elements, it is called "mixtrinsic." 

Part of the trouble with oftware evo­
lution is that when some evolved circuits 
are implemented in hardware, their be­
haviors differ greatly from tho e pre­
dicted in the simulations. Similarly, part 
of the trouble with hardware evolution is 
that orne circuits evolved in hardware 
behave differently when they are ana­
lyzed in computational imulations. The 
cause of these mi matches is the limited 
accuracy of the mathematical circuit 
model embodied in the software. To 
some extent, the accuracy of the circuit 
model can be increased at the co t of 
increased simulation time. However, 
some information about circuits de­
pends on fabrication proce s and cannol 
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be included in the model. In addition, 
it can be desirable to evolve circuits that 
exhibit behaviors independent of the 
details of fabrication processes. 

Another important and related i ue is 
that of robustness and portability of sol u­
tions. In each case, evolution finds the 
"easy way out," optimizing for whichever 
raw material (mathematical model or 
hardware components) i given. The in­
ability to port a software olution to hard­
ware renders the oftware solution use­
Ie in a commercial or other practical 
setting. On the other hand, the inability 
to analyze an evolved hardware olution 
in a software simulation reduces confi-

dence in the hardware intrinsic solution 
becaus the olution cannot be shown to 
work outside tlle operating region used 
in the evaluations during evolution. 

The limited range of applicability of a 
solution is of pecial concern if the solu­
tion exploits very specific effects. Such a 
solution could be characterized as a "point 
design." What is needed is a "domain­
wide" design that could constitute a solu­
tion within a large envelope of operating 
parameters. Examples of such parameters 
include temperature, poweHupply volt­
age, and measures of ionizing radiation. 

In mixtrinsic evolution, one use pop­
ulations of mixed individuals - some 

t 
Mixed Population of Candidate 

Hardware and Software Solutions 

Search-and·Optimization I so~are I I Hard
2
ware I I Software or I (Genetic) Algorithm ••• Hardware n 

I 
In M ixtrinsic Evolution for the automated synthesis of electronic circuits, mixed populations of 
both hardware and software are evaluated or each individual is evaluated both in hardware and 
in software. 
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evaluated in software simulations and 
some in real hardware (see figure). In a 
variation of the technique, each individ­
ual is evaluated both in hardware and in 
software and i as igned an averaged 
measure of goodness. Mixed populations 
constrain the evolution to a solution that 
both perform well in hardware and can 
be well simulated in software. Such a so­
lution exploits characteristic included 
in the software model for producing the 
de ired behavior but does not rely on the 

special characteristics of a specific hard­
ware implementation. Solutions based 
on hardware properties outside the soft­
ware model are eliminated by evolution, 
becau e during evolution, each solution 
can be randomly assigned for evaluation 
in either hardware or software. As a re­
sult, solutions are robust; in addition, 
they are likely to be patentable and in ac­
cordance with common de ign rules. 

This work was done by Adrian Stoica of 
Caltech for NASA's J et Propulsion Labo-

ratory. For further infonnation, access the 
Technical Support Package (TSP) free o~line 
at www.nasatech.com/tsp under the Elec­
tronic Components and Systems category. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad­
dressed to the Patent Counsel, NASA Man­
agement Office-JPL; (818) 354-7770. Refer 
to NP0-20773. 

• Sequential-Color LED Illumination for Reflective Microdisplays 
Lyndon B. Johnson Space Center, Houston, Texas 

Integrated silicon microdisplays, such 
a liquid-cry tal-on-silicon (LCO ) de­
vices, are becoming the mo t effective 
image ource for high-resolution 
viewfinders, head-mounted displays, and 
helmet-mounted dis pia (HMD). Since 
the e microdisplays are reflective in na­
ture, they require new arrangements of il­
lumination and viewing optics compared 
to previous tran mi ive di pIa . A com­
plete displa might compri e a reflective 
microdi play panel lit from the front, 

through a beam plitter, by a light-emit­
ting-<.liode (LED) illuminator, and viewed 
through an eyepiece optic. Full-color dis­
play, without resolution-<.legrading color 
filter triads, can be achieved with one sim­
ple microdi play panel by utilizing field-
equential color - easil attained by 

making the illuminator from a few red, 
green, and blue LED . The be t image 
quality i provided, though, when the il­
luminator appears as an extended diffuse 
white pot, rather than red, green, and 

Portable Workstations 
ruggedized construction 
multi-slot, multi-drive bay 
sunlight readable LCD 
dualp~ssorcapable 

RAID configurable 

FieldGo MS series rugged portable workstations come 

with SaO-nit sunlight readable flat panel displays that 

enhance outdoor applications such as field service and 

military training. Its passive backplane design provides up 

to 10 slots for flexible system configurations. 

New i-Link series workstations incorporate three RAID 

configured removable hard drives and includes an IEEE 

1394 interface. It's an ideal host system for data aquisi­

tion, digital image processing, and visualization applica­

tions that demand fault tolerance and high data 

throughput. 

asI Broadax Systems, Inc. 
17539 E. Rowland Street . City of Industry, CA 91748 . tel: 626·964·2600 . fax: 626-964·2665 
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blue points. This can be achieved by spac­
ing a diffu er between the LED and the 
display, with the light from the differendy 
colored LEDs overlapping on the diffuser 
to make a white spot. An e pecially effi­
cient arrangement is achieved widl a 
pecularly reflecting microdisplay when 

the illuminator and eyepiece lens are po­
itioned so that the len imultaneou Iy 

make a virtual image of the display 
panel, and a real image of the illumina­
tor. By arranging the image of the illumi-

1- 800-872 - 4547 
GSA# GS-35F-0496K 

www.bsicomputer.com 
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nator to fall in the same position as the 
pupil of the viewer's eye, the largest pos­
sible amount of illumination light is 
made usable by the viewer, while the 
amount wasted is minimized. For mi­
crodisplays that operate in polarized 
light, high optical efficiencies are ob­
tained if the needed beam splitter is a po­
larizing beam splitter (PBS). The overall 
system can be simplified if the PBS is 

curved, which saves space and combines 
the function of an illuminator condenser 
or collimating lens. PBS function can also 
be obtained from suitable edge-illumi­
nated holographic illuminators. 

This work was done by Ma1-k Handschy, 
Mike Meadows, and Holden Chase of Dis­
play tech, Inc.,forJohnson Space Center. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 

invention. Inquiries concerning rights for its 
commercial use should be addressed to 

Display tech, Inc. 
2602 Clover Basin Drive 
Longmont, CO 80503-7603 
Tel. No.: (303) 772-2191 
Fax No.: (303) 772-2193 
Refer to MSC-22990/91, volume and 

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

• Multifunction Input/Output Integrated Circuits 
Advantages would include network fault tolerance and simplification of wiring. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Integrated circuits that would per­
form a variety of analog-signal, digital­
signal, and power input/ output func­
tions have been proposed. Conceived 
for use as versatile, fault-tolerant inter­
faces among components and subsys­
tems of spacecraft, these multifunction 
integrated circuits could also be attrac­
tive for similar uses in a variety of terres­
trial systems, including ground vehicles, 
aircraft, industrial facilities, and commu­
nication systems. 

Each such multifunction integrated cir­
cuit would be fabricated as a single com­
plementary metal oxide semiconductor 
(CMOS) chip that would contain some or 
all of the following functional units (see 
figure): 
• A transceiver for spread-spectrum 

radio communication with other uch 
integrated circuits; 

• A microproces or functioning as a cen­
tral processing unit (CPU) or digital 
signal processor (DSP) ; 

• Volatile and/ or nonvolatile memory 
circuits; 

• Analog input circuits, including signal­
conditioning amplifiers and analog-to­
digital converters (ADCs); 

• Analog output circuits, including digi­
tal-to-analog converters (DACs); 

• Digital input/ output (I/O) circuits; 
• Power-switching circuits containing 

high-power metal oxide semiconduc­
tor field-effect tran istors (MOSFETs). 
The multifunction integrated circuit 

would serve as both a power and a signal 
interface for the subsystem or component 
to which it was connected. If, for example, 
the subsystem were a motor, then the mul­
tifunction integrated circuit could receive 
motor commands transmitted by radio 
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This Interface Circuit would contain a variety of analog and digital circuitry. ali integrated on a single 
chip, for performing a complete set of signal and power input and output functions for the subsys­
tem to which it would be connected. 
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from a different subsystem, switch the 
motor power on and off as needed, and 
po ibly transmit data on the operation of 
the motor (e.g., shaft-angle, speed, voltage, 
and/ or current readings) to another sub­
system. Other than wire connections for a 
radio-communication antenna and for the 
motor or other subsystem erved, the only 
wire connections between the multifunc­
tion integrated circuit and the rest of the 
system would be those needed to supply 
power to the circuit and subsystem. 

All data and control signals - both dig­
ital and analog - would be transmitted 
via the radio links. By erving as tandard­
ized interfaces that would eliminate the 
need for signal wiring, these multifunc­
tion integrated circuits could make it eas­
ier to design and construct multinode sys­
tems that could be reconfigured in 
oftware (and perhaps in hardware) . With 

respect to digital communication among 
subsystems, each of the multifunction in­
tegrated circuits would constitute a node 
of a wireless communication network. By 
use of previously developed Ethernet (or 
equivalent) and spread-spectrum proto­
cols, babbling (uncontrolled transmis­
sion) by one of the nodes of the network 
would be prevented from interfering with 
communication among the other nodes. 

This work was done by James Dillon and 
Michael Newell of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, access the Technical Support Package 
(TSP) free on-line at www.lIasatech.com/tsp 
under the Electronic Components and Sys­
tems category. NP0-30212 

Get information on the hottest new 
Computer products by visiting our 
Technology Focus Products page on­
line at www.nasatech.com/techfocus. 
Read about the latest in workstations, 
monitors, and board-level computers, 
and link directly to each vendor's Web 
site for more information. 
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I SEU-Tolerant Flip-Flops 
These circuits could be fabricated on commercial CMOS process lines. 
Lyndon B. Johnson Space Center, Houston, Texas 

Several improvements in the designs of 
flip-flop circuits that are parts of logic cir­
cuits have been proposed to reduce the 
incidence of logic errors associated with 
ingle-event up ets (SEUs) [bit flips 

caused by incident energetic ionizing par­
ticles] . Traditionally, radiation-hardened 
integrated circuits have been manufac­
tured on special proce lines, with em­
phasis, variously, on immunity to latchup 
and EUs for outer-space application or 
on total-<iose hardne for military appli­
cations. The pre ent improvements are 
intended to confer latchup and EU im­
munity of a degree and type suitable for 
outer pace applications, but unlike in the 
traditional approach, the improved de­
signs could be implemented on ordinary 
commercial compl mentary metal oxide 
emiconductor (CMO ) proce line. 

A complete de cription of the pro­
po ed improvements and of the hi tori-

cal background prereqUlSlte to under­
standing the improvements would 
greatly exceed the space available for 
this article; only a brief summary can be 
given here. Hi tori cally, guard ring 
have been used to prevent latchups. In 
theory, SEU can be eliminated via re­
dundancy, but conventional redun­
dancy involves at least 3 copies of all 
basic logic circuitry plus additional logic 
circuitry in the form of an infallible 
voter circuit. One patented cherne calls 
for dual redundant flip-flop circuits, 
called "Whitaker cell " after their inven­
tor, in which what i known about the 
po ible directions of up ets in n- and p­
channel device i utilized to enable the 
cell to recover from upsets. umerous 
other prior developments involve u ing 
extra delay \vithin the flip-flop to re­
duce its usceptibility to glitche . The e 
include the addition of passive compo-

G and GS2: Clock Inputs 
a and as: Outputs 

Extra Inverters 

nents, which are often expensive to fab­
ricate in a logic proces ,or extra pairs of 
inverter stages. The minimum number 
of extra inverter stage de cribed in 
prior art i 2 pair, or 4 extra inverter. 
There are also other non-Whitaker 
schemes involving dual flip-flops cross­
coupled in some novel way to avoid or 
reduce up et. 

In the dual flip-flop cherne, dual rail 
logic may be used to drive the pair of flip­
flops. In the Whitaker cherne, single rail 
logic may also be used, with the second 
flip-flop data provided through a delay 
equal to the worst-case glitch time for the 
logic family, which eliminate the po ibil­
ity of a glitch arriving imultaneously on 
both flip-flops. The worst-case time i ap­
proximately the propagation time for a 
fully loaded node on the slowe t gate. All 
gate must be de igned with balanced rise 
and fall time for this to work. Glitch on 

I II 
___ 111 _ __ _ 

I 
I 
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Land W: Length and Width, Respectively, of Transistor in Units of Design-Rule Length 

This Compact SEU·lmmune Flip-Flop Circuit would be almost completely immune to SEU. The two extra inverters together with the normal gating transis­
tors provide three independent delay stages for absorbing glitches, the minimum theoretically required. Glitches are absorbed whether generated inter­
nally, or whether coming in on the Data or ciock (GB) lines, as long as the timing guidelines are followed. What is shown is a latch, which is 112 of the com­
mon D-flip-flop circuit. 
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clock lines must be avoided either by dis­
tributing clock signals separately to the 
two side of the dual flip-flop, or using 
extra capacitances (up to 4 pF) and large 
drivers on all clock lines, and avoiding the 
generation of a clock line internally. 
These are very restrictive and expensive 
constraints. Nor do these prior develop­
ments provide for asynchronous preset 
and clear operations. 

The proposed improvements are sum­
marized as follows: 
• Optimized transistor sizing is used to 

make the shortest possible delay ele-

ments in a delay-based design, with­
out resorting to passive components 
or more than one extra pair of in­
verters within the flip-flop. This re­
quires fewer transi tors than prior 
delay-based designs, and far fewer 
than any of the dual flip-flop de­
signs. 

• Some of the delay is distributed into 
existing transistors within the flip-flop 
in order to control the glitch times 
which can be generated within the flip­
flop, while absorbing external data or 
clock line glitches. 

the accuracy of Rubidium ... 

SRS rubidium frequency standards have excellent aging 
characteristics, extremely low phase noise and outstanding 
reliability. 

The PRS10 component rubidium oscillator is designed for easy 
system integration. It has a 1 pps input for phase-locking to an 
external reference (like CPS) and provides 72 hour Stratum 1 
level holdover. 

The FS725 benchtop instrument is ideal for the metrology 
laboratory as well as the R&D facility - anywhere precision 
frequency is required. It generates 5 MHz and 10 MHz signals 
and has a built-in distribution amplifier with up to 22 outputs. 

~RS Stanford Research Systems 
1290-D Reamwood Ave. Sunnyvale, CA 94089· email: info@thinkSRS.com 
Phone (408) 744-9040 . Fax (408) 744-9049 . www.thinkSRS.com 
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• The same delay-based technique 
would be used to enable asynchro­
nous preset and clear. 

• Only one guard ring with allowed 
polycrystalline-silicon crossings would 
be used. 

• Multistage balanced rise and fall times 
inside an ordinary flip-flop would be 
used to absorb glitches without chang­
ing state of the flip-flop. 
Circuits that incorporate the pro­

po ed improvements could be simpler, 
more compact, and more functional, 
relative to prior SEU-immune circuits 
based on dual flip-flops or more costly 
delays. The delays involved, approxi­
mately one to two gate delay time in 
operation of the flip-flop, are compara­
ble or less than the delays introduced 
in all prior forms of radiation-tolerant 
flip-flops (except the expensive and 
complicated case of dual flip-flops 
d riven by dual-rail logic). 

This work was done by Robert Shuler, 
Jr., of Johnson Space Center. 

This invention is owned by NASA, and a 
patent application has been jil£d. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad­
dressed to the Patent Counse~ Johnson Space 
Center; (281) 483-0837. 
Refer to MSC-22953 . 

• Console for an 
Overhead-Bridge 
Crane 
John F. Kennedy Space Center, Florida 

Human factors engineering has been 
applied to the design of an overhead­
bridge crane control console for use by a 
seated operator in a clean-room environ­
ment The crane console provides the 
operator with the ability to lift and move 
loads up to 27.5 tons (24.9 tonnes) in three 
vertical speed ranges and three horizontal 
speed ranges with a horizontal and vertical 
positioning accuracy of 0.010 in. (0.25 
mm) and 0.005 in. (0.13 mm), respectively. 
The design, to be used with radio commu­
nication, provides the operator with infor­
mation on position, velocity, and crane 
functioning. allowing the operator to move 
the load precisely while having no visibility 
of the crane hook (a unique Kennedy 
Space Center requirement that necessi­
tated a wavier from a Federal safety regula­
tion) . The console dinlen ions and eating 
provide adjustability to accommodate 90 
percent of the population and minimize 
the risk factors associated with fatigue and 
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cumulative trauma disorders. The controls 
and displays were selected to optimize 
human perfonnance. They were arranged 
according to functional groups, equence, 
and frequency of expected use and posi­
tioned to optimize reach, visibility, and leg­
ibility. The ystematic applkation of 
human factors engineering principles 

throughout the design process will reduce 
the probability of human error during op­
eration and maintenance, thereby in­
creasing overall safety in crane operation . 

This work was done by Faith T. Chandl£r 
and William D. Valentino of The Boeing 
Company for Kennedy Space Center . For 
further information, access the Technical 

• High-Temperature Coils for Electromagnets 
High-temperature coils can be made more compact than before. 

John H. Glenn Research Center, Cleveland, Ohio 

Coiled electric wires have been devel­
oped for use in electromagnets that oper­
ate at high temperatures. Examples of 
such electromagnets could include the ac­
tuators in magnetic bearings in advanced 
gas turbines. 

The primary distinction between these 
wires and previously commercially avail­
able high-temperature wires lies in the 
electrical insulation, which is intended to 
with tand operating temperatures in the 
range from 800 to 1,300 OF (",,430 to ",,700 
0c). The commercially available wires 
feature tubular sheaths filled with insu­
lating materials; while such insulation is 

iOh!! 

effective, it is too bulky for electric-coil 
applications in which there are tringent 
limitation on the sizes of the coils 
and/ or on the spacing between turns. 
The present wires feature improved in u­
lation that is thinner, making it possible 
to fabricate coils that are smaller and 
more closely wound. 

The starting wire material for a coil of 
this type can be either a nickel-clad, ce­
ramic-insulated copper wire or a bare sil­
ver wire. The tarring wire is either pri­
marily wrapped with S-glass as an 
insulating material or else covered with an­
other in ularing material wrapped in S-
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Support Package (TSP) free on-line at 
www.nasatech.com/tsp under the Electronic 
Components and Systems category. 

Inquiries concerning rights for the commer­
cial use of this invention slwuld be addressed 
to the Technology Commercialization Office, 
Kennedy Space Center, (321) 867-8130. 
Refer to KSC-12279. 

glass prior to the winding proce . A ce­
ramic binding agent is applied as a slurry 
during the winding process to provide fur­
ther insulating capability. The turn are 
pre-bent during winding to prevent dam­
age to the insulation. The coil is then 
heated to convert the binder into ceramic. 

In a test, coils of this type were mounted 
in a 12-pole magnetic bearing (see figure) 
and found to perfonn ucce fully at tem­
perature up to 1,200 OF (""650 °C). Future 
development efforts will address the pro\:r 
lerns of increasing the thennal conductiv­
ity of the electrical-insulation materials to 
increase conduction of heat out of the 
coil, reducing the volume of the coil , 
and fabrication of coils with various hape 
(including square and other noncircular 
cro ections). 

This work was done by Alan Palazzolo of 
Texas A &M University for Glenn Research 
Center. For further infonnation, access the 
Technical Support Package (TSP) free on-lille 
at www.nasatech.com/tsp under the Elec­
tronic 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: teve Fedor, Mail 
Stap 4-8, 21000 Brookpark Road, Cleve­
land, Ohio 44135. Refer to LEW-17164. 

The Connection End of a 12-Pole Magnet ic Bear­
ing is depicted here during a test at a tempera, 
ture of 1,000 OF (=540 °C) in a series of tests that 
ranged up to 1,200 "F (=650 "C). 

NASA Tech Briefs, August 2002 



AN' i. 'FT 
CORPORATION 

Electromagnetically Charged EDA Software Solutions 

With electronic designs evolving at lightning speed, accurate EDA tools are a must. From electromagnetics 

to circuits to systems, we solve design problems from the inside out. No fudge factors or approximations-just 

pure field equations to get the physics right from the start. So why compromise the accuracy of your 

designs? Call Ansoft now to learn more about how we can help turn your ideas into products. Through our 

electrifying innovations, we'll lead the industry into the next generation of simulation technology. 

~SOFT 

www.ansoft.com 

For Free Info Visit www.nasatech.com/566 or Enter No. 566 at www.nasatech.com/rs 



·software 

@ Software Generates 
Sequences of Operations 
for a Mars Rover 

Automated Rover Sequence Qenera­
tion (ARSG) is a prototype computer prer 
gram for ground-based automatic gener­
ation of sequences of commands that can 
be used for a robotic exploratory vehicle 
(rover) on Mars. ARSG is based on the 
Automated Scheduling and Planning En­
vironment (ASPE ) computer program, 
which has been described in several 
NASA Tech Briefs articles in recent years. 
Given high-level scientific and engineer­
ing activitie required of a rover, ARSG 
automatically generates a sequence of 
commands that can be executed by the 
rover within resource constraints and in 
compliance with flight rules. An auto­
mated-planning-and-scheduling oftware 
subsystem encode rover design knowl­
edge and uses search and reasoning tech­
niques to automatically generate low-level 
command sequences while (1) re pecting 
rover operability constraints, scientific 
and engineering preference, environ­
mental predictions, and (2) adhering to 
hard temporal constraints. By enabling 
goal-driven command of planetary 
rovers, this software can reduce the need 
for highly skilled rover engineering per­
sonnel, thereby reducing the co ts of mis­
sion operations. ARSG enables faster re­
sponses to changes in the state of a rover 
(e.g., malfunctions) or to scientific dis­
coveries by eliminating the time-consum­
ing manual validation of command e­
quences and enabling rapid "what-if' 
analyses. 

Contributors to this software include 
Robert Sherwood, Tara &tlin, Darren Mutz, 
Gregg Rabideau, Steve Chien, Paul Backes, 
Jeff Norris, Brian Cooper, and Scott Maxwell 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, ac­
cess the Technical Support Package (TSP) 
free on-line at www. nasatech.com/ tsp 
under the Software category. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal­
ifornia Institute of Technology at (818) 393-
3425. Refer to NP0-30204. 

@ Web-Based Software Service 
Improves Space-Shuttle 
Processing 

Human data-transfer from pace-shut­
tle checkout systems to shuttle business 
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ystems is slow, en'or-prone, and expen­
sive. The Operations and Maintenance 
Requirement Specification-Automated 
Buy Off System (OMRS-ABOS) is a oft­
ware y tern that automatically transfer 
test-validation data produced by 
Kennedy Space Center's Checkout and 
Launch Control System (KSC's CLCS) 
for the space shuttle, to its Integrated 
Work Control System (IWCS). The test­
validation data includes pass/ fail results 
from equipment tests required by a et 
OMRSs. While other commercial-off­
the-shelf (COTS) approaches require 
exi ting work forces to change their 
busine s practices, OMRS-ABOS utilized 
a COTS approach that preserved KSC 
business practices. The OMRS-ABOS im­
plemented commercial Enterpri e Ap­
plication Integration (£AI) software de­
velopment practices, deployed to an 
n-tier software architecture, and utilized 
Java 2 Enterprise Edition (J2EE). The 
COTS software platfonn saved time and 
expenses while infusing tate-of-the-in­
dustry technologie . OMRS-ABOS pro­
vides a channel for KSC enterprise shut­
tle checkout system to transfer OMRS 
events to IWCS. The Remote Manipula­
tor y tern (RMS) Checkout Sy tern is 
the latest to automate its transfer of 
OMRS-event data. OMRS-ABOS' latest 
improvement includes distributed data 
communications made available by the 
eXten ible Markup Language (XML). 
By utilizing XML as a data transport ve­
hicle, OMRS-ABOS may communicate 
more easily with commercial enterprise 
platforms. 

This work was done by Todd Rato, Keith 
Heob, and Barry Rubel of Riptide oftware 
Inwrpomted and Kevin Smith of Kennedy 
Space Center. 

This technology is available for commercial 
licensing. Please contact Barry Rubel of Rifr 
tide Software Incorporat.ed at (321) 427-
5694. Refer to KSC-12312. 

• Program Analyzes Current 
Signatures of Solenoid 
Valves 

A computer program processes signal 
data in the instrument described in "Cur­
rent-Signature Sensor for Diagnosing 0-

lenoid Valves" (KSC-12152), NASA Tech 
Briefs, Vol. 25, o. 9 (September 2001) , 
page 30. Ten-bit sample of the electric 
current in a solenoid valve are acquired 
at a rate of 10kHz and fed to a digital sig-

www.nasateci1.com 

nal proce or that executes the present 
software, which performs buffering, fil­
tering, identification of features, and 
general as essment of the "health" of the 
valve. The identified signal features in­
clude the time of beginning of a transi­
tion, the time of maximum change in 
current, the time when the poppet be­
gins to move, the amplitude of the cur­
rent needed to initiate movement, the 
time of travel of the poppet to final seat­
ing, the time when the current reaches 
the steady state, the amplitude of the 
steady-state current, the minimum cur­
rent needed to hold the poppet against 
unseating, and the time required for the 
poppet to unseat. The software can gen­
erate indications of impediment or jam­
ming of the poppet; burnt or short-cir­
cuited solenoid windings; buildup of 
friction; faulty valve spring; incorrect op­
erating voltage, temperature, or pres­
sure; bounce during seating of the pop­
pet; and failure of anti-arcing circuitry. 

This program was written by Bradle)' M. 
Burns of Dynacs, Inc., for Kennedy Space 
Cen ter. For further information, access the 
Technical Support Package (TSP) free on­
line at www.nasatech.com/ tsp under the 
Software category. 
KSC-12220 

@ Program Predicts Radiation 
Forces on a Satellite 

A computer program predicts the radi­
ation forces on the TOPEX/ Poseidon 
satellite at any point in its orbit around 
the Earth. The program performs a uni­
fied analysis of the thermal, radiative, 
power-generation, and orbital-mechanics 
aspects of operation because these aspects 
are interdependent The power-generat­
ing capacity of the solar panel of the satel­
lite depends on both the impinging radi­
ation and its temperature, which, in turn 
depends on both its power output and the 
radiative environment. The radiative envi­
ronment depends on the trajectory and 
attitude of the satellite relative to the po­
sitions of the Earth and Sun. Only by con-
idering all of the aforementioned phe­

nomena together can one predict the 
temperature and power generation of the 
solar panel and the battery charges, cur­
rents, and voltages. Then the radiation 
forces are calculated from the re ults of 
the foregoing unified thermal/ power/ ra­
diative analysis. Output is available in two 
forms: (1) a tabulation of all components 
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Software 

of radiative forces over a single orbit, 
based on the day of the year and the rela­
tive orientations of the Sun, Earth, and 
orbit; and (2) a tabulation of the average 
radiation forces over a ingle orbit for any 
number of specified beta prime angles 
and the corresponding days of the year. 

The unified analysis was developed and 
this program was written by Robert Richter of 
Caltech for NASA's Jet Propulsion Labo­
ratory. For further infannation, access the 
Technical Support Package (TSP) free on­
line at www.nasatech.com/tsp under the 

oftware category. 

This software is availabk for commercial 
licensing. Please contact Don Hart of the Cal­
ifornia Institute of Technology at (818) 393-
3425. Refer to NP0-21 019. 

~ OwWwL and AgentNation: 
Knowledge-Robot Software 

OwWwL and AgentNation are Java-lan­
guage computer programs that act to­
gether, quickly scanning Internet data­
bases for relevant information, then 
organizing the information into a format 
suited to the user. OwWwL is a search-

Data Is Cheap. Answers Are Priceless. 
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Radar-mapped dala of Venus shown 
using IDL's Show3 technique. 

From D fa To Answ rs 
G • there F ler With IDL 

• Create custom applications 

with for fewer lines of code 

than traditional languages. 

• Get more from your data 
faster with lOLls powerful 

interactive visualizations. 

• Develop cross platform 

applications in a single 

envi ronment. 

For Free Info Enter No. 528 at www.nasatech.comlrs 

engine program that, like other such pro­
grams, include a "spider" subprogram 
that "crawls" the Web, indexing content 
AgentNation i a collaborative-computing 
program that is used by OwWwL to per­
form its tasks in a collaborative manner; 
that is, OwWwL and AgentNation can be 
run simultaneously on multiple comput­
ers to perform large-scale searche . The 
biggest difference between OwWwL and 
other search-engine programs is that as 
the OwWwL spider subprogram performs 
a search on a given topic, it begins to 
search for related information. OwWwL 
includes a personal-search-assistant sub­
program that with the help of AgentNa­
tion, searches other Internet search en­
gines simultaneously. 

This program was written by Joseph L. Ni­
eten and Dan Dexter of LinCom for Johnson 
Space Center. For further inJonnation, ac­
cess the Technical SUfrPorI Package (TSP) 
free on-line at www.nasatech.com/tsp under 
the Software category. 

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

Lin Com 
1020 Bay Area Blvd. 
Suite 200 
Houston, TX 77058 
Refer to M C-23063, volume and number 

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

~ Application Fault Injector 
Application Fault Injector (AFI) i a 

simple computer program for te ting 
the fault tolerance of other programs. 
AFI is a library of ubroutines de igned 
to inject faults into memory, data truc­
tilles, and regi ters. The library i modu­
lar, can easily be extended, and can eas­
ily be ported to different computer 
hardware architectures. AFI is not de­
signed to run fault-injection campaigns 
on complete application programs: in­
stead, it is designed to test fault-tolerant 
algorithms, subroutines, and data struc­
tures. AFI is easy to u e. The application 
programmer has complete control of 
fault injection. 

This program was written by Thomas 
Wolfe of Caltech for NASA's J et Propulsion 
Laboratory. For further information, access 
the Technical Support Package (TSP) free 
on-line at www.1UlSatech.com/tsp under the 
Software category. 

This software is availabk for commercial 
licensing. Pkase contact Don Hart of the Cal­
ifornia Institute of Technology at (818) 393-
3425. Refer to NP0-30344. 
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Conventional cancer treatments using 
chemotherapy have serious side effects, often 
killing healthy cells as well as cancerous ones. 
Genetronics, the industry leader in 
electroporation therapy, uses COSMOS/EMS to 
design and develop cutting edge electrodes for 
use in a new, electro po ration therapy for 
cancer patients. Their patented 
electroporation technology could some day 
provide targeted cancer and gene therapy 
treatment for patients around the world. 
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Materials 

Reducing Wear and Friction of CVD Diamond Films 
Surface modifications reduce friction and wear, even in ultrahigh vacuum. 

John H. Glenn Research Center, Cleveland, Ohio 

Progre has been achieved in con­
tinuing research directed toward in­
creasing the wear resi tance and en­
hancing the elf-lubrication propertie 
of chemical-vapor-deposited (CVD) di­
amond films. uch films are potentially 
u eful a friction- and wear-reducing 
coats on sliding me hanical compo­
nents (e.g., eal, gear, and journal 
bearings) . A major is ue that has been 
addre sed in thi research i the varia­
tion of the friction and wear properties 
of CVD diamond with environment: In 
air, CVD diamond exhibits a low coeffi­
cient of friction and high re i tance to 

wear; in vacuum, it exhibits a high co­
efficient of friction and low re istance 
to wear. In three experimental tudie, 
it was found that friction and wear of 
CVD diamond film in both vac-
uum and air can be reduced by 
use of uitabl e surface treat­
ments . 

In the fir t tudy, a fine-grained 
CVD diamond film in the a -de­
po ited condition wa te ted in 
ompari on with two imilar CVD 

diamond film that were coated 
with thin « 1 \lm thi k) film of 
amorphou , non-diamond carbon 
[more pecifically, hydrogenated 
carbon, al 0 known a diam nd­
like carbon (DLC)]. The DLC 
coating layer were deposit d by 
direct impacts of ion beam at ki­
neti c energie of 1.5 keY and 0.7 
keY, re pectively. In tribological 
te LS (diamond-tipped pin lid­
ing on di k coated with the vari­
ou CVD diamond films) at room 
temperature in ultrahigh vac­
uum, the DL films were found 
to reduc the coefficient of fric­
tion and the wear rate ignifi­
cantl (eefigure). 

The econd stud was imilar to 
the fir t tudy. Fine-grained VD 
diamond film were modified by 
implantation of, ariou I , carbon 
ions at a kineti energy of 60 k V 
or nitrogen ions at a kinetic n-

mond carbon surface layers <1 \lm 
thick. As in the fir t study, the modifi­
cation of the a -deposited CVD dia­
mond reduced the coefficient of fric­
tion and the wear rate significantly. 

The subject matter of the first and 
second studies overlaps with that of a 
prior study reported in "Ion-Beam-De­
po ited DLC Coating on Fine-Grain 
CVD Diamond" (LEW-16564), NASA 
Tech Briefs, Vol. 22, No.7 Guly 1998) , 
page 62. The third study addressed the 
is ue of a friction- and wear-resistant 
couple of materials; that i ,a pair of ma­
terial that exhibit low friction and low 
wear when slid against each other. This 
tudy included ultrahigh-vacuum tests 

in which CVD-diamond-tipped pin 
were slid against a di k coated with 

10-4 

Maximum Acceptable 
Wear Rate 

cubic boron nitride films. The wear rate 
of the boron nitride films was found to 
be acceptably low (of the order of 10-6 
mm3j N·m), the wear rate of the dia­
mond films was found to be much lower, 
and the coefficient of friction was found 
to be very low (of the order of 0.02). 

This work was done by Kazuhisa 
Miyoshi of Glenn Research Center . For 
further information, access the Technical 
Support Package (T. P) free on-line at 
www.nasatech. com/tsp under the Materials 
category. 

Inquiries concerning righls for the commer­
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office, Attn: teve Fedor, Mail 
top 4-8, 21000 Brookpark Road, CLeve­

land, Ohio 44135. Refer to LEW-17150. 
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ergy of 35 ke . In both ca e , the 
implantation r ulted in the for­
mation f amorphou, non-dia-

Wear Rates and Coefficients of Friction of as-deposited and modified CVD diamond films were measured in 
ultrahigh vacuum. The results plotted here indicate that suitably modified CVD diamond films could be use­
ful as wear-resistant, self-lubricating surface layers on sliding mechanical components. 
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Machinery! Automation 

0. Water:Jet Accelerator for Launching a Spacecraft 
John F Kennedy Space Center; Florida 

A propo ed ground-based apparatus 
would accelerate a spacecraft to speed 
of about mach 1, thu making it po i­
ble to increa e the payload and/or re­
duce the cost of launching the space­
craft into orbit. The apparatus would 
include a track along which the spa e­
craft would ride on a sled. Hundreds 
of small water jets energized by com­
pressed-air pack would be located 
under, and at small intervals along, the 
track. Each jet would be activated in 
turn a the sled pa sed by, aiming a 

high-speed (possibly uper onic) 
stream of water at baffles on the un­
derside of the led. The force of water 
impinging on the baffles would pro­
vide levitation and accelerate the sled 
along the track. Unlike a previously 
proposed launch-assisting linear elec­
tric motor, the water-jet apparatus 
would function without need for ex­
pensive electric-power-conditioning 
equipment. Unlike another launch-as­
sist concept involving a piston driven 
along a pneumatic tube, the present 

concept does not present problem 9f 
how to (1) couple the piston to the 
sled and (2) exert fine control over ac­
celeration. Another advantage of the 
waterjet concept is redundancy: even 
if several wat r jets were to malfunc­
tion, the remaining many functional 
water jets hould uffice . 

This work was done by Robert Youngquist 
and Frederick Adam.s of Kennedy Space 
Center. For more information, contact the 
Kennedy Com.mercial Technology Office at 
321-867-8130. KSC-12257 

0. Internal-Combustion Engines With Ringless Carbon Pistons 
Efficiencies would be higher and weights lower than those of conventional engines. 
Langley Research Center; Hampton, Virginia 

Internal-combustion engine would 
be constructed with cylinder and ring­
le pi tons made of lightweight car­
bon/carbon composite material, ac­
cording to a proposal . This proposal is a 
logical extension of previous research 
that howed that engines that contain 
carboni carbon pistons with conven­
tional metal piston rings running in con­
ventional metal cylinders perform better 
than do engines with conventional alu­
minum-alloy pi tons. The ob erved per­
formance improvement (measured as 
increased piston life during high-perfor­
mance operation) can be attributed 
mainly to the low thermal expansion of 
the carbon-carbon composite. Carbon­
carbon pistons can continue to operate 
under thermal load that cause alu­
minum piston to seize or u tain scuff­
ing damage due to excessive thermal 
growth and thermal di tortion. 

In addition to having an extremely low 
coefficient of thermal expan ion, carbon­
carbon is about 30 percent lighter than 
aluminum which provides the benefit of 
reduced reciprocating mass (lower recip­
rocating mass can potentially reduce vi­
bration forces and increase r/ min. capa­
bility) . Carbon-carbon composite al 0 has 
the advantage over aluminum that it fully 
retain room-temperature strength and 
stiffness at high temperatures. Further-

46 

~--- Head Bolt 

--- Air-Cooled Metal Head 

-.+--- Air-Cooled 
Carbon/Carbon 

Laminated 
Cylinder Barrel 

__ Metal Crankcase 

The Carbon/Carbon Laminated Cylinder Barrel in this single-piston engine (or the carbon/carbon lam­
inated cylinder block in a multiple-piston engine) would house a ring less carbonlcarbon piston. 
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Machinery I Automation 

more, the strength, thermal ex pan ion, 
and thennal conductivity of carbon-car­
bon compo ite can be tailored by orien­
tation of the carbon fibers and election 
of fiber type, matrix type, and proce ing 
methods. 

The ring are needed on aluminum 
pi ton to seal the clearance which must 
exist between the pi ton and cylinder 
wall to accommodate differential ther­
mal expan ions of the pi ton and cylin­
der material (conventionally, a cast iron 
sleeve in an aluminum block). Although 
cold-clearance can be reduced ome­
what by substituting a carbon-carbon pis­
ton, rings will still be needed to obtain 
effective sealing. An advantage i poten­
tially achievable in a four-stroke engine 
because a tighter pi ton fit reduces the 
o-called "crevice volume" or the gap be­

tween the pi ton and the cylinder wall 
above the top ring. Fuel mixture which 
enters thi gap i not combu ted and is 
exhau ted as unburned hydrocarbon. If 
the metal block were to be fitted with a 
carbon-carbon leeve, the cold clearance 
could be funh r reduced, but minimum 
clearance might be difficult to achieve 
becau e the sleeve hape could be af­
fected by thermally-induced distortion 
in the urrounding metal block (there 
are al 0 issues as to how the sleeve might 

be contained in the block). If, on the 
other hand, the metal cylinder block 
and sleeve were to be replaced with a 
cylinder block made entirely of carbon­
carbon, the thermal expansion differen­
tial between the pi ton and cylinder ma­
terials would virtually be eliminated, as 
would the potential for thermal di tor­
tion of either component. The clear­
ance could then be reduced to the ab­
solute minimum. Operation without 
rings, which would eliminate a source of 
power-robbing friction, can now be con­
sidered an intriguing po sibility. Rings 
may ultimately be required in the four­
stroke application to minimize combu -
tion-gas blow-by and/ or control oil con­
sumption; however, the crevice volume, 
which is a major cau e of hydrocarbon 
emissions, would be eliminated over the 
engine' entire operating temperature 
range and ring performance could po­
tentially be improved becau e ofle s pi -
ton rocking in the bore. Ringles opera­
tion would appear to be particularly 
attractive for high-r/ min two- u·oke en­
gines where oil-wiper rings are not re­
quired and relatively more blow-by may 
be tolerable. 

For implicity, the figure illu trate a 
one-cylinder, air-cooled, two-stroke in­
ternal-combu tion engine that might 

be built according to this concept (mul­
ticylinder and four-stroke engine are 
also possible). The cylinder barrel 
would be made of carbon-carbon com­
po ite sandwiched between an air­
cooled metal head and a meta l 
crankcase. This as embly would be he ld 
together by long head bolts, which 
would pa s through the head and 
through (or along ide) the carboni car­
bon cylinder barrel into threaded holes 
in the crankca e. The carbon/ carbon 
cylinder barrel could be sealed to the 
crankcase with an O-ring and to the 
head with a head ga ket. 

The cylinder block could be fabri­
cated with one or more of many possi­
ble configurations of fibers in the car­
bon / carbon material. The simplest 
and most economical configuration 
would be a stack of plies in which all 
fibers are aligned perpendicular to the 
axis of the cylinder bore. The inher­
ently low interlaminar trength of the 
carboni carbon block would not be a 
major concern because the clamping 
force applied by the head bolts would 
negate cros -ply tensile stresses in the 
laminate. In principle, this configura­
tion could likely be cho en to maintain 
the close-tolerance pi ton / cylinder 
clearance because it would exploit two 
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feature of carbon fibers that are very 
attractive in this app lication: high 
lengthwise thermal conductivity (for 
some 6bers, greater than that of cop­
per) and nearly zero lengthwi e ther­
mal expansion. This configuration 
would minimize thermal expan ion of 
the cylinder bore while maximizing the 
outward conduction of heat through 
the cylinder barre l to the ambient air. 
In pra tice, orne circumferentially ori­
ented fibers would also be needed to 

provide reinforcement again t hoop 
tresses, but the proportion of such 

fibers shou ld be minimized. 
Fabrication of the cyl inder barrel 

could begin with stacking the p lie in a 
mold that cou ld include an inner mold 
die roughly the size of the cylinder 
bore. Alternatively, the cylinder bore 
could be mach ined somewhat under-
ize prior to carbonization. In either 

ca e, the initial formation of the bore 
would expose the inner edge of a ll the 
plie to impregnating material, which 
would be applied during densification 
teps. Even wally, the cylinder bore 

would be machined to near the final di­
ameter, then the inner urface of the 
cylinder wou ld be treated in sealing 
and coating proce ses to reduce fric­
tion and protect again t oxidation . The 
cylinder would then be honed to its 
final diameter. 

This work was done by Philip O. Ransone 
of Langley Research Center . 0 further 
documentation is available. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or exclu­
sive license for its commercial development 
should be addressed to the Patent Counsel, 
Langley Research Center; (757) 864-3521. 
Refer to LAR-15094. 

~ Modular, Highly Maintainable, and 
Flexible Control Software 
This software also lends itself to multitasking and distributed 
processing. 
Mar. hall pace Flight Center, Alabama 

Model Rocket Engine oftware y­
tern (MRE ) is a y tern of control 
oftware that wa originally intended 

for u e in controlling rocket engine 
but is al 0 applicable to almo t any 
r al-time, clo ed-loop pro es - ontrol 
y tern - for example, the [ dba k 

control sy tern of a robot. MRECS af­
ford th apabi litie nece ar for 
feedback conu'ol, actuation of valve 
and other d vice by u of di crele 
and/or analog command, pro e ing 
of en or readings, and generation of 
alarm b ompari on of va rio liS quan­
titie with limiting value. MRE i ca­
pable of real-time mu ltitasking and is 
amenabl to di tribllted proc sing. IL 
i de ign d , from the outset, to be 
highly maintainable and to be Oexible 
in the en e that, in re pon e to hang­
ing requirements it can be quickly 
and reliabl modifi d and te t d. 

In previou efforts to develop rockel­
engin - ontrol o[tware, there \Va · an 
empha is on minimizing the costs o[ 
d vel pment. Howev r, the co LS of 
maintenance and peration ar ignif­
i ant pans o[ total lit -cycle 0 ts . In 
th development of MRE ,there ha 
b en Ie mphasis on limiting the 0 t 
of dey lopment and m re emph i on 
utilizing modularit and Oexibilit to 
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reduce the 0 ts of maintenance and 
operation. 

MREC take advantage of the inher­
ent upport for modularity in the da 
programming languag to implement 
real-time multitasking. Of all the engine­
control program in the experience of 
personnel at Marshall pace Flight en­
ter, MRE is th fir t to use real-time, 
preemptive priority- hedul d multitask­
ing, the fir t to run on a commercial oIf­
the- helf ( OT ) real-time operating y­
t m, and the first to u e the tandard 
Tran mi ion Control Prot ol/ Intern t 
Protocol (T P / IP) for both command 
input and telem · try outpuL. Through 
the u e o[ Ada and OT telll o[t­
ware, MRE ha b en mad tran­
portable to a variety of state-of-the-art 
com put rs and operating y tern . In us , 
the worth of 1RE has been proven in 
that MRE has b en hown to b adapt­
able to different ngine configuration 
and characteri tics, to b amenable to 
rapid modification. and to p rform en­
gine-control function reliably. 

This work was done by Robert L. Leven 
and Richard H. Beckham ofMarshaIl Space 
Fligh t Center. For mOTl! in/onna/ion, COlI­

tact the Mar: hall Commercial Technology 
Office a/ 2-~-44-2615. MFS-31417 
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Manufacturing 

iii Low-Plasticity Burnishing 
Fatigue life and resistance to damage are increased at relatively low cost. 

John H. Glenn Research Center, Cleveland, Ohio 

Low-plasticity burni hing (LPB) ha 
been developed as an affordable means 
of imparting re idual compre sive 
tres es to urface layers of metal parts 

(especia \1y engine components) in 
order to increa e their fatigue live. 
Heretofore , urface compressive 
stresses to enh ance the fatigue lives 
have been produced, variou Iy, by shot 
peening or laser shock peening. nfor­
tunately, thermal relaxation has been 
found to re ult in 10 s of the needed 
surface-layer com pre sive stre se , with 
consequent hortening of component 
lives and reduction of engine perfor­
mances. Hence, what is needed is a 
means of imparting thermally table 
urface com pre ion. 

In the LPB proce s, a smooth, fre -
rolling spherical ball i pressed against 
and ro lled along the surface of the 
workpiece to be burni hed. The ball 
must be hard, and it must have a high 
modulu of ela ticity and a high yield 
trength. To en ure free rolli ng, the 

baH is supported in a spherical- ocket 
fluid bearing (ee figure) with uffi­
cient fluid pres ure and flow to main­
tain the ball out of contact with the 
ocket. The force with which the ball is 

pressed against the urface is made 
large enough to deform a surface layer 
of material into a stale of compre ion , 
taking account of any tensile u'ess that 
might exist in the workpiece prior to 
burnishing. 

By use of the po itioning capability 
of a computer numerically controlled 
(C C) machine tool, the ball i moved 
along the surface in a ra ter or other 
suitable pattern to cover the urface in 
a erie of passes at a controlled sepa­
ration cho en to obtain maximum 
compre sion with minimum cold work­
ing. LPB is not limited to Oat work­
pieces: In the case of a complexly 
shaped workpiece, the positioning ca­
pability of a multiaxis C C machine 
tool can be exploited to move the ball 
on any desired path acros the surface, 
a in a typical multiaxi C C machin­
ing operation. 

LPB produce minimal cold work, 
imparting greater (in comparison with 
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shot peening and laser shock peening 
when performed with multiple shock­
ing cycles) resistance to thermal relax­
ation at high temperature . The result­
ing greater retention of surface 
com pre ion at engine operating tem­
perature re lilts in sub tantial in­
crea es in fatigue lives and in retar­
dance of the growth of pre-exi ting 
crack. In addition, LPB increases resis­
tance to damage by impacts of foreign 
objects. 

LPB costs les than does laser shock 
peening and offers greater depth and 
stability of the compressive layer, rela­
tive to shot peening. Because LPB can 
be performed easily during manufac­
turing by use of conventional C C ma­
chine tools, there is no need to ship 
components to eparate facilitie for 
LPB. The proces can be readily accom­
modated in an existing machine hop 

environment. Both the capital co t of 
LPB equipment and the unit co t of 
component processing typically are an 
order magnitude les than for la er 
ho k peening. 

This work was done by Paul S. Preve)' III 
of Lambda Research for Glenn Research 
Center. Technical assistance was provided 
by Glenn researchers of the Material Division 
and tructures Division, working on the UL­
TRASAFE PROJECT'S Crack Resistant Disk 
Materials SUB-PROJECT. For further infor­
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech_com/tsp 
under the Manufacturing category. 

Inquiries concerning rights for the commer­
cial use of this invention should be addressed 
to ItSA Glenn Resea'rch Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail 
top 4-8, 21000 Brookpal"k Road, Cleve­

land, Ohio 44135. Refer to LEW-17188. 

Normal Force 

Supporting Fluid ---f-:"':-"~I 

Residual Stress vs. Depth Lateral Motion 
~ ______ ~A~ ______ ~ 

A Hard Sphere in a Spherical Fluid Bearing is pressed against and rolled along the workpiece, de­
forming a surface layer into a state of compression. 
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• Physical Sciences 

@ System for Detecting Hazardous Gases at Multiple Locations 
John F. Kennedy Space Center, Florida 

The Hazardous Gas Detection System 
2000 (HGD 2000) i the latest in a se­
rie of in trumentation ystems for de­
tecting gase leaking from a pace hut­
tie on a launch pad. The H GDS is a fu lly 
redundant system that includes analog 
and digital electronic control circuitry 
and a subsystem for sampling gase at 
multiple locations and deJiveting the 
amples to two independent commercial 

quadrupole mass spectrometer. [The 
sampling subsy tern was described in 
"System for Delivering Gas am pIes to 
Multiple In truments" (KSC-12123), 

NASA Tech Briefs, Vol. 25, No. 6 (June 
2001), page 60.] The system is rugged 
enough to with tand the launch-pad en­
vironment, i easy to operate, and can be 
fu lly automated. When in automated op­
eration, tile system notifie an operator 
if an unusual ituation or a fault i de­
tected. An op rator interacts with tile 
system via a personal computer by use of 
mouse and keyboard command . Opera­
tion of the HGD 2000 is expected to 
take substantially maller amounts of op­
erators' time and to cost substantially 
Ie s, relative to operation of the older in-

strumentation systems in thi eries. Al­
though the HGDS 2000 is optimized for 
detecting leaking pacecraft-propellant 
gases, it can al 0 be used to detect many 
other gases. 

This work was done by Carolyn Mizell and 
Greg Breznik of Kennedy Space Center 
and Tim Griffin, Guy aylor, William 
Haskell, Richard Hritz, David Floyd, and 
Charles Curl£y of Dynacs, Inc. Inquiries con­
cerning this invention should be addressed to 
the Technology Commercialization Office, 
Kennedy Space Center; (321) 867-8130. 
KSC-12250 

@ Temperature-Compensation Method for High-Temperature 
Strain Gauges 
Strain gauge and temperature-compensation element are exposed to the same temperature. 
Dryden Flight Research Center, Edwards, California 

A relatively simple and inexpen ive 
method of fabricating a tern perature­
com pen ation element for high-temper­
ature strain gauges has been devi ed. 
This element, connected in the adja­
cent arm of a Wheatstone bridge, pro­
vides temperature compen ation for an 
active strain gauge attached to the ub­
strate. A method for accurately measur­
ing structural static strain in harsh en­
vironments is an important requirement 
for future flight re earch of hypersonic 
vehicles and ground test articles. Sturdy, 
flight-worthy train sen ors mu t be de­
veloped for attachment to uperalloy, 
new compo ite material, and tllermal­
protection y terns. With little deviation 
from standard Rokide flame-spray 
installation procedures, pre liminary 
tests indicate viable data can be pro­
duced to operating temperatures of at 
least 1,700 OF (927 °C). 

In the pre ent method, the tempera­
ture-compensation element is encapsu­
lated and insulated in alumina by the 
Rokide fl ame-spray process and used as 
an inactive element in a half-bridge 
configuration. An inactive element, or 
gauge, is often also referred to as a 
"dummy gauge" because it does not 
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sen e surface trains; in other 
words, there i no mechanical strain 
transfer from the substrate to the 
gauge filament. The temperature­
compen ation element i mounted 
in close proximity to the attached, 
or active, train gauge. Adequate 
surface contact of the compensation 
element to the test article must be 
achiev d in order to maintain good 
thermal conductivity. H owever, un­
like the active strain gauge, the tem­
perature-compen ation element is 
not rigidly attached to the substrate 
which is to be measured; instead, 
the temperature-compensation ele­
ment ( ee Figure 1) is attached flex­
ibly to the substrate using 
nickel/aluminum-alloy strap. 

Configured as a half-bridge, the 
temperature-compen ation element 
is connected in an arm of a Wheat-
tone btidge adjacent to an arm con­

taining tile active train gauge. The 
temperature-compensation element 
does not sense mechanical surface 
strain, but it is subjected to the 
same temperatures as is the active 
strain gauge. Inasmuch as equal 
changes in adjacent arms of a 

www.nasatech.com 

Figure 1. The Active Strain Gauge and the Tempera­
ture-Compensation Element are labeled " RActive" 
and " RComp." respectively. The straps that hold 
down the compensation element have been re­
moved. and the gauge has been lifted for this pho­
tograph. Contact with the substrate must be main­
tained to ensure thermal conduction in the presence 
of transient heating. 
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Wheatstone bridge cancel, the equal 
temperature-induced components of 
the changes in the resistance of the ac­
tive strain gauge and the temperature­
compensation element cancel, leaving 
a Wheatstone-bridge output indicative 
of only the surface strain in the sub­
strate. 

The Flight Loads Laboratory at 
ASA Dryden Flight Research Center 

has evaluated and haracteriz d many 
high-temperature strain-gauge assem­
blies over the year, maintaining rigor­
ou focus on reducing the thermal out­
put, or apparent strain, of these 
gauges. High-tern perature strain­
gauge alloy generate outputs indica­
tive of large magnitude, nonlinear, ap­
parent strain that depend on 
maximum operating temperature , 
lime at temperature, and rate of cool­
ing. The apparent- train output of a 
high-temperature strain gauge consists 
of three main components: (1) the 
mi match in coefficients of thermal ex­
pan ion between the ub trate and the 
gauge alloy, (2) the thermal coefficient 
of electrical resi tivity of the gauge 
allo , and (3) the change in gauge fac­
tor as a function of temperature. Char­
act rization of strain gauge at ele­
vated t mperature i critical ina­
much a correction curve mu t be 
generated and applied to raw data to 
determine true mechanical strain 
from indicated train. 

Prototype temperature-compen a­
tion elements, according to the present 
method, wer wired with active high­
temperature train gauge a ha lf­
bridge. Both the temperature-com­
pen arion I m nt and the active train 
gauge were made of O.002-in. (0.05-
mm) Fe/ r/ AI-alloy wire. The a rive 
train gauge wa attached and in u­

lated to the ubstrat u ing standard 
A Dryden pIa rna pray (precoat) 

and Rokld name-spray procedure , 
while a modified v r ion of th pro e­
dure was used in fabri ating the tem­
per. ture-c mp n alion e lements. 

Preliminary apparent- train te ts of 
the pr em method of t mperature­
ompen ation at temperature up to 

1,700 OF (927 °C) were performed. The 
ompen ated half-bridg outputs were 

more nearl linear and repeatable, and 
f Ie s magnitude, than those of the 
train gauge in the uncomp nsated 

quarter-bridge onfiguration. Early re-
ults indicate that fre tive cancellation 

of the efl! lS of temperatur -induced 
change in lh I tri al re i tance of 
lh active train gauge and th l mper-
ature-compen ation lemenl wa 
a hieved. umerou undesir d altrib-
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ute of high-temperature train gauges 
used in the quarter-bridge configura­
tions were reduced when thermally 
compensated by pre ent method (see 
Figure 2). The e attributes include 
zero shifts (sensor non-return to zero) 
a a function of cooling rales, rates of 
drift during static holds , and uncer­
taintie in the phase transformations of 
gauge alloys. 

sent method. These problems include 

Two problems observed in bare-wire 
temperature-compensation elements 
have also been eliminated using the pre-

lope change of the overall apparent­
strain curve from one cycle to the next 
cycle, and exce ive drift at high tem­
perature. A "cycle" refers to both the 
heat-up and cool-down portion of a test. 
These changes in slope from cycle-to­
cycle and excessive drift rates do not 
occur in the gauges fabricated and u ed 
according to thi method because the 
active gauge and the temperature-com­
pensation element are under the same 
condition; they are both encapsulated 
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Physical Sciences 

in alumina, therefore, ubjected 
to the arne oxidation environ­
ment. In contrast, a bare-wire 
temperature-compensation ele­
ment oxidizes differently than 
the active gauge since it i not en­
capsulated in alumina. In addi­
tion , heat conduction will often 
be quicker to a bare-wire element 
(lower mass) when compared to 

tl1e encapsulated active gauge. 
Thi temperature lag in the ac­
tive gauge becomes more pro­
nounced as transient heating 
rate increase causing the electri­
cal resistance cancellation of the 
half-bridge to be Ie effective. 

This work was done by Anthony 
Piazza of Dryd en Flight Re­
search Cente r . 

This invlmtion is owned by 11 11, 
and a patlmt application has been 
filed. Inquiries concerning nonexclu­
sive or exclusive liclm e for its com­
mercial development should be ad­
dre sed to the Patent Counsel, 
Dryden Flight Re earch Center; (805) 
258-3720. 
Refer to DRC-96-74. 

-T 
Slope Change of Eapp Curve 

I 
1st Cycle -.--. 
2nd Cycle -- " 

ue ,."., I 
~ .-' <' 
~ .. -

1,000 r-----r------,,----i - 2nd Cycle 1 ,500 OF 100 

Gauge Alloy: 0.002' Diameler Fe·Cr·AI - 3rd Cycle 1,500 OF 

..... Cycle·to·Cycle Deviation Substrate: IN617 Honeycomb TPS 
Precoats: 2 passes Nickel Aluminide 
Insulation: 0.003' alumina Rokide 

500 Heating! 
Cooling Rate: 1 °F/sec 

-~--------+-------~50 

(5 minute hold @ 1,500 OF) 

1000~---~~---~----~----~----~-100 
- , 0 300 600 900 1,200 1,500 

Temperature, OF 

Figure 2. These Apparent·Strain Curves obtained by a half-bridge strain gauge utilizing the presented temper­
ature-compensation element exhibit little zero shift, a low rate of drift at 1,500 OF (~820 0c), less nonlinearity 
(in comparison with uncompensated strain gauge), a high degree of cycle-to-cycle repeatability, and no cycle· 
to-cycle slope changes. 
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Information Sciences 

i Windowed Revocation of Public-Key-Encryption Certificates 
The costs of computation and communication are less than in prior certificate-revocation 
techniques. 

John F. Kennedy pace Center; Florida 

Windowed revo ation is a technique 
for the revocation of the digital certifi­
cates lhat provide assurance of the au­
thenticity and integrity of public encryp­
tion keys and associated private 
decryption keys. These keys are u ed LO 

protect the privacy of communications 
via the Internet. The need for revoca­
tion of certificate ari e in case in 
which private key are 10 t or com pro­
mi ed, rights of acce are changed, or it 
is desired to change key a a precaution 
against cryptanal is. Windowed revoca­
tion ati fie the ecurity requirements 
and conforms to lhe policies of public­
ke )' tern now in u e, while impo ing 
les (relative to prior certificate-revoca­
tion techniques) of a burden on certifi­
cate erver computers and communica­
tion network . 

Heretofore, the acceptance of certifi­
cate-di tribution ervice has been inhib­
ited b the lack of a certificate-revo a­
tion technique that i calable in lhe 
en e that the co t as ociated \vilh the 

management, reu; val, and verification 
of certificate would increase at a rate 
Ie lhan lhe rat of growth of lhe om­
munity erved. There are two funda­
m ntal approaches to the distribution of 
information about revocation of certifi­
cate : expljcit and implicit. 
• Tn ertificate-di tribution architecture 

that employ explicit revocation, a h 
is u r explicitly tate whi h ertifi­
cat are revoked, and indjrectly which 
are not revoked . in sy t m based on 
the .500 standard, each i u r peri­
odically generate a Ii t of certificate 
that have been revoked but have not 
et expired. The pre ence of lhe c r­

tificate in the Ii t, called a certifi ate 
r v ation Hst ( RL) expHcitl tate 
r vocation. The performan of u h 

terns are larg I limited b lhe 0 t 
of bandwidth: lh lran mi ion oflarg 

RLs to potentially many clients can 
b prohibitive! exp n ive. 

• In certifi at -di tribution architeclUre 
that mploy implicit revo ati n,lack f 
revocation i a erted implicitl 
through the verifier' ability to reu'ieve 
th ertificate . An c rtificate retrieved 
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from lhe issuer i guaranteed to be 
valid at or near the time of retrieval. 
As ociated ,vith each certificate i a 
time to Hve (TTL), which repre ents 
the maximum time the certificate may 
be cached. Thus, in implicit revoca­
tion, the window of vulnerability i the 
TTL. The performance of a s stem 
that uses implicit revocation is limited 
by the co t of acquiring certificates: 
supplying real-time information on re­
vocation tatus during each acqui ition 
i computationallyexpen ive. 
Windowed revocation involve a hy-

brid of explicit and implicit revocation 
that affords the de ired calability. In 
,vindowed revocation, the i uer erts 
revocation in two different ways at two 
different time: (1) implicitly during ini­
tial acquisition of a certificate, and there­
after (2) explicitly through periodically 
publi h d RLs. Verifiers acquire RLs 
from i uers djrectl. Reu;eved certifi­
cate are guaranteed to be nom'evoked, 
fre h, and aulhenti. ub quent valjda­
tion of lhe revocation tatuse of certifi­
cate i frect d primarily through RLs. 

RLs are generated at uniform time 
interval , each interval being denoted a 

RL publication period. Revoked certiii­
ate ar mentioned in the CRLs that 

occur during po ibl longer interval 
denoted revocation windows (ee fig­
ure). A revocation window i the tim 
during whi hac rtificate may be 

cached without further validation. The 
revocation window is specified by the is-
uer and documented in each certifi­

cate. By bounding the time during 
which each revoked certificate mu t be 
included in the periodic CRLs, revoca­
tion windows limit the sizes of CRLs and 
tlm the costs of distributing them. 

Windowed revocation is s cure, and its 
correctne has been rigorously mathe­
matically proved. In worst-case itllation , 
it requires no more network bandwidth 
than do prior CRL-bas d techniques and 
no more central-proce ing-unit re-
ource than do prior implicit tech­

nique . Moreovel', lhe tradeoff: between 
consumption of resource and security 
can be managed tl1fough the parameters 
of windowed-revocation protocols. 

This work was done by ugih Jamin and 
Patrick D. McDaniel oj the University oj 
Michigan at Ann Arbor Jor Kennedy Space 
Center. 

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

Mitch Goodkin 
niversity oj Michigan 

Tel 0.: (734) 764-4290 
E-mail: mgoodkin ®Umich. edu 
Refer to ](. C-12149/12208, volume and 

number oj this A 'Ii ch Brief: issue, 
and the page number. 

Certificate C, Certificate C2 
Revoked Revoked 

Time .. , L 5 +2 1+3 1+4 1+ 

r--- I 
---C, 

1+6 

C1 )(--

I 
CRl <None> <None> C, <None> 

CRl Initial Revocation 
Publication Window for C,and C2 

Period 

This Time Line illustrates an example of windowed revocation. Once certificates (, and ( , are revoked, 
they are mentioned in (RLs that occur during their revocation windows. 
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Books & Reports 

Mechanical Event 
Simulation for MEMS 
Design 

Thi report examines the simulation 
of the dynamic behavior of a MEM 
(Micro Electro Mechanical y tems) 
optical witch in order to meet the Tel­
cordia telecommunication industry 
standard for shock. The setup of the 
finite element model of the telecom­
munications device is discussed in de­
tail, along with a description of how 
optical switching technology will con­
tribute to increased Internet band­
width. 

This work was done by Robert Calvet of 
SiWave, Inc. utilizing Mechanical Event 
Simulation software from ALGOR, Inc. 
To obtain a copy of this report, visit 
siwavereport.ALGOR. com. 

@ Narrowband Tunable 
Optical Filter Using Fiber 
Bragg Gratings 

Research at Langley Re earch Cen­
ter has developed a special fiber­
Bragg grating optical filter for use in 
aircraft or space borne differential ab-
orption lidar (DIAL) sy tem f01' 

measuring water vapor in the atmo -
phere of the Earth. The filter i an op­
tical fiber containing two Bragg grat­
ings that afford h igh reflectance in 
10-pm-wide wavelength band at wave­
lengths of 946.0 and 949.5 nm. The 
optical fiber would be glued to a 
piezoelectric ceramic, to which a volt­
age could be applied to stretch the 
grating and thereby adju t their 
peak-reflection wavelength to corre-
pond to atmo pheric water vapor 

lines of intere t. The oncept of mul­
tiple Bragg gratings in a ingle optical 
fiber tuning such gratings by stretch­
ing the fiber is not new. The novelty 
of thi re earch lies partly in the ap­
plication of these concepts to make 
tunable ultra-narrowband filters for 
the specific water vapor wavelengths 
in que tion. Another element of nov­
elty in the proposal lies in the design 
of the DIAL in trument in which the 
filters would be u ed: The design calls 
for a unique optical receiver that 
would couple a lidar signal from a 
telescope to a filter of the type pro-

\\~\'W.nasa[ech.com 

po ed, then using an optical circula­
tor the light would be detected. 

This work was done by Rus ell DeYoung 
of Langley Research Center. To obtain a 
copy of the report, "Ultra-Narrow Passband 
Optical Filter for Space Water Vapor DIAL 
Applications, " access the Technical Support 
Package (T P) free on-line at www. 
nasatech. com/ tsp under the Physical Sciences 
category . 
LAR-15978 

tj Technical Background 
of Special Bus-Driver 
Software 

A short report discu se the techni­
cal background of, and the need for, 
special bu -driver oftware for part of a 
te t-bed computer y tern that is to be 
used in experimentation for develop­
men t of advanced avionic . The system 
features a scalable, fau lt-tolerant, dis­
u" ibuted architecture that incorporate 
a variety of commercial standard bus 
interface. The pecial bu -driver soft­
ware i needed to overcome an incom­
patibility between (1) a Power PC 750 
proces or made by a fir t manufac­
turer and (2) an IEEE 1394 bu -inter­
face circuit board made by a second 
manufacturer for use in conjunction 
with a different version of the Power 
P 750 made by a third manufacturer. 
The hardware-related portion of 
source code of the driver software of 
the IEEE 1394 board from the second 
manufacturer was modified and 
ported to the power PC 750 proce sor 
from the first manufacturer. The 
source code a thu modified has b en 
found to perform succe sfully and is 
now in use in the t t bed. 

This work was done by Minh Lang, 
Savio Chau, and Tom Huynh of Callech 
for NASA's J et Propulsion Laboratory. 
To obtain a copy of the report, "IEEE 1394 
bus driver software Jar the Synergy Power 
PC 750 processor," access the Technical 
Support Package (TSP) free on-line at 
www.nasatech. com/tsp under the Infor­
mation ciences category. 

This software is available for commer­
ciallicensing. Please contact Don Hart of 
the California Institute of Technology at 
(818) 393-3425. 
Refer to NPO-302B4. 
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Electric Transaxle Drive Svstems Power 
New Aircraft GSE Vehicles 
Strenuous efforts are being made by 

the airline industry to reduce pollu­
tion and improve air quality at airports 
around the globe. Airport ground sup­
port equipment (GSE) can be seen 
dashing back and forth between air­
craft, pa senger terminals, and other 
facilitie. The internal combu tion 
(IC) engines used in increasing num­
bers of G E vehicle are a ignificant 
ource of airport pollution. To coun­

teract this condition and meet recent 
state and federal EPA requirements in 
the .S., increa ing numbers of zero 
emis ion electric G E vehicle are 
being introduced into the work­
ing environment o[ airpor . 

The use of an electric traction 
drive y tem eliminate nitrou 
oxide, carbon dioxide, and other 
internal combu tion engine pollu­
tants. El ctric vehicle power ys­
tern are much more efficient and 
cleaner than I power sy tem , 
even when the pollution from the 
electric power plant is con ider d. 

Real World Application -
Bauuaue Tractor 

Many type of G E vehicle provide 
the neces ary mobility to move pa en­
ger, argo, and crew into and out of 
aircraft. ervice technician and me­
chanics require pecial mobil lifts to 

provide critical ervice and in pection 
activitie . The airport baggage tractor 
is one of the fir t G E application to 
b gin conversion to all electric drive 
system. 

Tractor weight i typicall 7,000 to 
8,000 pounds with battery. The maxi­
mum p d an reach 14 mile per hour 
(mph) with a 25,OOO-pound load. The 
draw bar pull requir d i 3,500 to 4,000 
pound . The e tractors are able to accel­
erate to 15 mph in less than 12 cond 
when pulling a 7,000 pound load. 

D veloped with input from ix major 
airlines, lhe recently introdu ed inte-
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grated 80 Volt AC electric drive system 
is de igned for G E vehicles rated up 
to a 5,000 pound static drawbar pull 
and a top peed of 20 mph. Ballard 
Power Systems' Ecostar powertrain has 
been installed in aircraft ground sup­
port vehicle manufactured by tewart 
and Steven on T G, Charlatte, Eagle 
Indu trial Truck, Fleet Body Equip­
ment, and others. Today the e vehicles 
are being u ed at many airports, in­
cluding Chicago's Midway and O'Hare, 
Tul a, Oklahoma ity, an Francisco, 
Atlanta, Hou ton (IAH) , Denver, and 
Toronto. 

GSE vehicle featuri ng Ballard's Ecostar system. 

The E 0 Lar tern, which meets the 
EP. ' zero emi ion program, currently 
provides ix major components, all inte­
grated to function as a ingle vehicle drive 
and ontrol system [or this application: 

1. Transaxle power transmission ass mbly. 
2. OV AC ys tem controller, u ing a 

torque-based vector control algorithm, 
with MO FET power devi e ; system in­
clude contactors and fu ing. 

3. Hydraulic brak line pre ure sen or for 
dynamic regenerative brake ontrol. 

4. EI ctronic accelerator p dal as mbly 
(fir t u d in the Ford Electric 
Ranger). 

5. D ID 
of12 D 

nverter, provide 400 watts 
power for vehi Ie t m . 

tate-of<harge display gauge 
ven<haracter L D readout 

6. Batt ry 
with a 

www.nasalech.com 

The system electronics are passively 
cooled via a panel mounted directly to 
the vehicle's chassis. The AC induction 
motor and axle as embly are mounted 
directly to the vehicle chassis for me­
chanical rigidity. The trans axle attache 
to the vehicle using two metal-elastic 
pivot bushings and use coil prings and 
shock absorber. Any DC power source 
such as 80V flooded lead acid batteries 
of today or fuel cells of tomorrow can 
power the electric drive y tern. 

Transalle Assemblv 
The drive axle (transaxle) assembly is 
compo ed of a drive axle, AC motor, 

planetary gear reduction, and wet 
di c brake all integrated into a 
ingle co-axial embl . The ov r-

aU tran mission gear reduction is 
approximately 25: 1. Low gear 
noise is achieved by the u of he­
lical gears in the planetary gear 
train embly. The transaxle drive 
ystem tran mis ion can pull a 

G E vehicle up an 18% grade while 
pulling 7, 00 pounds of baggage or cargo. 

Ae Induction Motor Operation 
Th indu tion motor is a brushl 

motor that has been u ed in g neral ap­
pliance and factory applications for 
decades. The 4-pole, 3-phase A motor 
operate up to 6,000 rpm and 225 [oot­
pound of torque. The C mOlor r ache 
a p ak power level of 40 horsepower. 
Power i rated at 35 horsepower of con­
tinuous operation up to 60 minute . The 
motor's operating ambient temperature 
covers the range of -31 0 F to + 1230 F. The 
AC motor include a temperature en or 
located in the tator windings for prot -
tion from extreme condition. 

Inverter Power Staue Topolouv 
Th electroni drive ystem utilize an 

inv rter power stage and inverter con­
trol board that interfa e to lhe A in­
duction motor. Th inverter power tage 
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uses a 6-switch MO FET based power 
bridge drive configuration to convert 
DC battery power into AC inverter 
power. The inverter power stage sequen­
tially energizes the 3-phase AC motor at 
a pul e-width modulation (PWM) fre­
quency of 8 kHz over a wide output fre­
quency range of 0 to 250 Hz. Peak in­
verter power stage efficiencies reach 
95%. The compact 7.87" (L) x 11.02" 
(H) x 3.15" (W) overall package (weigh­
ing Ie s than 32.3 pound) develop a 
peak power of 47 

recharging is programmable up to the 
defined limits. The braking system can 
capture regenerated energy almo t 
down to zero speed. The inverter con­
trol board receive input control sig­
nal from the electronic throttle con­
trol and brake pre ure tran ducer for 
fast re ponsive vehicle control. The 
power steering and input line switch 
(contactor) status are also inputs to the 
inverter control box and u ed for mon­
itoring vehicle safety. 

horsepower for 
up to 2 minutes. 
A current level of 
up to 500 amp 
rms (for 2 min­
ute) at 122 0 F 
ambient drive 
the AC motor at 
de ired torque 
level . Thi level 
of current is com­
patible with, but 
always lower 
than the drive 
current level 
from traditional 
D series-wound 
traction motor 
drive sy terns. 

=-"n.----~ 

Passive cooling 
(i.e., no fan re­
quired) and ad­
ju table current 
control are used 
to keep the in­

A typical GSE Electric Drive System with Subsystem. 

verter operating temperature within safe 
limits. Bus voltage is maintained be­
tween 60 volts and 100 volts at full rated 
power. Phase voltage is also continuou ly 
monitored for any unusual waveform 
conditions found in any of the 3 A 
motor- tator phase . 

Inverter Control Board Operation 
The inverter control board uses a 

patented advanced vector control algo­
rithm to operate the AC induction 
motor over a range of 0 to 6,000 rpm 
with preci e torque con trol capabili­
ties. It provides time responsive, 
smootll and reliable torque produc­
tion. The vector control scheme effi­
ciently provides for both high 
torque and high peed to maximize 
battery usage. The inverter contro l 
board monitors inverter enclo ure 
and motor temperature, bus voltage 
levels, power tage voltage level , and 
other diagnostic through a number of 
digital and analog input-output (lIO) 
devices. 

Regenerative braking i provided 
and the charge I vel and rate of 

www.nasatech.com 

Most motor control and vehicle con­
trol performance parameter are pro­
grammable. The control of key operat­
ing parameters' adjustment is divided 
into 3 levels. The supplier adjusts low­
level parameter , the vehicle manufac­
turer adjusts mid-level parameters, and 
end u er adju t the high-level para­
meters. High-level parameters typically 
include top vehicle peed (forward 
and rever e), battery type (this allows 
for more precise battery tate-of­
charge I-e porting). level of regenera­
tive braking, and inching parameters 
to name a few. 

In conclusion, the availability of 
newer generations of power devices, 
control ICs, and software algorithm 
will fuel a continual evolution of 
new co t effective transaxles for elec­
tric vehicles, GSEs, and other off-road 
vehicles. 

This article was authored by Kevin Vogler 
oj Ballard Power Systems - Electric Drives 
Group. The author can be contacted at 
kvogler@Jord.com. For 11101"11 information on 
Ballard Power Systems (Dearborn, MI), 
visit www.ballard.COrTl. 
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Advances in Cooperative 
Transport by Two Mobile 
Robots 
Two mobile robots move in formation while 
transporting a long payload. 

11 :A's Jet Propulsion Laboratory, Pasadena, California 

pecial gimbal mecha­
nisms and algorithms 
that implement decen­
tralized compliant con­
trol have been devel­
oped for use in re earch 
on the ensor, the actu­
ators, and the design 
and functional require­
ments for system of 
multiple mobile robots 
cooperating in site-clear­
ance and con truction 
operations. The gimbal 
mechanisms and control 
algorithm were de­
igned, in particular, to 

enable two robotic ex­
ploratory vehicles (i.e., 
rovers) to transport a 
long payload while mov­
ing along the ground in 
a commanded forma­
tion. Although the e de­

Six-Degree-of-Freedom 
ForcefT orque Sensor 

Figure 1. The Gimbal Mechanism enables 
the gripper to move freely in one transla­
tional and three rotational degrees of 
freedom. and measures forces and 
torques. 

velopments are parts of a continuing effort to develop robotic 
capabilities for exploration of Mars, the same robotic capabili­
tie could be expected to find application on Earth. 

Each gimbal mechani m ( ee Figure 1) has four degree of 
freedom. One uch mechani m i part of each rover. The gim­
bal incorporales a compliant gripper on a longitudinal lider 

Figure 2. Two Mars Rovers transport a long payload in diagonal formation. 
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for "soft grip" of a payload. The gimbal is 
pas ive and is fully in trumented with po­
tentiometers to measure the orientation 
and position (pitch, ro ll , yaw, and lateral 
U<ll1 lation) of the gripper. The gimbal 
mechanism i mounted on a six-degree­
of-freedom load cell, which is used to re­
solve reaction force. The load cell , in 
turn, is mounted on a cross brace be­
tween shoulders of the robotic veh icle. 

The decenU<llized compliant control 
scheme uses no explicit communica­
tions; i.e., the rovers do not "talk" to 
each other via .... rireless modem but com­
mun icate with each other implicitly via 
their common payload through force 
en or . The scheme involve four low-

level behavior denoted formation con­
u"o ller, minimize force / torque on pay­
load, center payload in longitudinal 
slider, and group formation. The control 
inputs for three of the behavior are the 
speed and heading of a rover. The for­
mation controller behavior r ceives a 
formation-angle command from the 
group formation behavior. The com­
manded formation angle i mapped to 
the corre ponding gimbal yaw angles on 
the two rover. The formation conu"oller 
b havior then seeks to control the p ed 
and heading of each rover in an effort to 
a hieve and maintain the commanded 
gimbal yaw angle on each rover. 

The minimize force / torque on pay­
load behavior eeks to minimize the 
force on the payload or compliant 
linkage on each rov r. The force on 
tile pa load can be high if t11e relative 
peed between the twO rovers i greater 

than a et t11re hold. The magnitude of 
the force along the longitudinal axi of 
t11e payload is t11e input for tili behav­
ior. The predominant control output of 
the minimize force / torque on pay­
load behavior i a rover p ed com­
mand, uppl mented with teering-cor­
re tion command. 

The center payload in longitudinal 
lider behavior eeks to minimize devia­

tion of the payload from midpoint of 
the longitudinal slid r on each rover. 
Th ontrol outputs of the cent r pay­
load in longitudinal lider behavior are 
a rover- peed and heading ( te ling) 
control command. 

Proportional-plus-derivative (PO) 
controller for p ed and hading modi­
fications that ati fy t11e requir ments 
for th formation on troller and enter 
payload in longitudinal lider beha\riors 
under teady- tat condition have been 
developed. The PO con troll rs indepen­
dent! achieve their re pective goal , but 
when implemented imultaneou I , the 
give conflicting p ed and hading or­
rection . To re olve t11es conni ts, th 

lotion Contr 111 h Brie~, ugu 12002 

outputs of t11e PO controller are com­
bined by use of a weighting cheme to 
compute speed and heading corrections 
for each rover. 

changed formations between arbitrary 
initial and final formation (includ ing 
row, column, and diagonal forma­
tion ). 

In several experiments performed at 
Arroyo Seco in Pasadena, Californ ia, the 
fo llowing actions were demon U<lted: 
• A pair of Mars rovers compliantly cou­

p led to a common payload (see Figure 
2) autonomously moved, variou Iy, for­
ward or backward through distances of 
5 to 50 m over u neven , natural terrain. 

This work was done by Ashitey Trebi-Ol­
lennu, Han Das, Anthony Canino, Hrand 
Aghazanan, and BreLl Kennedy of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further infonnation, access the Technical 
Suppo]"t Package (T. 'P) free on-line at 
www.nasatech. com/tsp under the Machinery 
and Automation category. 

• The pair of rovers compliantly coupled 
to a common payload autonomously 
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Magnetostrictive Motor and Circuits for Robotic Applications 
Notable features include power-factor correction, speed control, and high position resolution. 

Lyndon B. Johnson Space Center, Houston, Texas 

A magneto trictive motor and its drive 
circuit and control system have been de-

sandwiched between two double-layered, 
three-phase stators, which are energized 
to make the armature move linearly in 
"inchwoml" fashion . The total range of 
linear motion i 25 mm. Like other mag­
netostrictive motors, this motor offers the 
advantage (relative to geared-down con­
ventional motors) of reduced weight, ex-

igned to be e pecially suitable for robotic 
applications in which there are require­
ments for preci e, high-force linear actua­
tors. The motor includes a laminated ar­
mature made of the magneto trictive 
alloy TbO.27DyO. 73F 0.2. The amlature is 
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treme ruggedness, £ wer moving parts, 
greater reliability, and self braking when 
power i not applied. 

A capacitor is connected in serie with 
the stator windings to correct the power 
factor. This or almost any other magne­
to trictive motor presents a highly induc­
tive load to its drive circuit and therefore 
operates at a low power factor in the ab­
sence of correction. As in other elecu;cal 
application , a low power factor is unde­
sirable because it give ri e to the need 
for a greater drive potential or drive cur­
rent t.han would otherwise be needed to 
deliver a given amount of power. At its 
resonance frequency of 470 H z, the 
motor windings exhibit a power factor of 
0.352, but the eries combination of the 
capacitor and the motor windings ex­
hibits a power factor of 0.989 - clo e to 
the ideal value of 1. 

Because the speed of the inchwotm 
motion depends on both the amplitude 
and frequency of the drive current, the 
control system include one controller 
that holds the frequency constant and 
vat;e the amplitude and anothel- con­
troller that hold the amplitude constant 
and varies the frequency. Both con­
trollers utilize proportional + integral 
compensation and implement an illte­
grator-antiwindup cheme to limit accu­
mulation of po ition-error signals. 

The control y tem include a po ition 
ensor and a 12-bit analog-to-d igital 

( / D) converter that proces e the en­
sor output. Becau e the output swing of 
the position sensor is only one quarter of 
the input range of the D converter, 
one could utilize only 10 of the 12 bits 
(con-e ponding to a po ition resolution 
of 49 pm) if one were to feed the raw sen-
or output to the converter. Therefore, 

to make use of fu ll 12-bit 1- solution of 
the / D converter, the en or output i 
fed to the converter via an amplifier 
stage gain of 4. Another amplifier stage 
with a gain of 39 is also includ d to 

demonstrate a capability of preci e po i­
tioning; a po ition re olution of ",l.25 
pm is achievable when this amplifier is 
included in the signal path. 

This work was done by James H. Goldie, 
Wonfong Kim, Andrew E. Barnett, and 
William R. Snow of Sat Con Technology 
Corp. for Johnson Space Center. For fur­
ther information, access the Technical up­
port Package (TSP) free on-line at 
www.nasatech.com/tsp under the Machin­
ery and Automation category. MSC-23051 
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Precision 
Linear Slides 
High precision 
A slides from 
Optical Gaging 
Products (Roc­
hester, NY) are 
designed for 

applications requiring high accuracy, repeatability, 
and long-lasting performance. Ironman Ball and 
Roller lides combine rigidity and friction-free travel 
to provide precise motion. The company's patcmed 
'"edgc' preload sy lem allows for cusLOmizalion of 
applications requiring tighter preload and extends 
the lifc and en1ceability of the slides. 

For Free Info Visit www.nasatech.com/OGP 

High Precision 
Planetary 
Gearhead 
110 y tems' (llaup­
pauge, NY) llarmonic 
Planeta II P eries 
of planetary gearheads 
incorporates a ring 
gear design that re­
duces backla~h to les 
than 1 arc-min for the 

life of the gearhead. This design eliminates -Back­
lash reep: commonly as ociated with cOlI\entional 
planetary gearing. A'-dilable in both flange output 
and shaft output configurations, applications 
include packaging. automation, and machine tool . 

For Free Info Visit www.nasatech.comIHDS 

Servo Amplifiers 
The BX25A20 by 
Advanced Motion 

onu'ols «('~'lmarillo, 

A) outputs 25 
Amps peak , 12 .5 
Amps continuous, 
and openlles ofT 60-
200 VO . Oip­
switches enable the 

user to change currcnt scahng and mode of opera­
lion. These units operate in CUlTent, open loop. 
encodel' velocity, I iall velocily, and tachometer ,eloc­
it)' modes. 1500 VD isolation is standard on all 
units. nits are E compliant and L recogniled. 

pplication. include medica.!, semiconductor fabri­
ation, and material handling equipment 

For Free Info Visit www.nilDtKh.com/AMC 

MoLion nU'OI Te h Brief!, ugus12002 

Oriental MOLOr 
SA Corp. 's 

(Torrance, CA) 
new line of 
miniature 2-
phase hybrid 

stepping motors are available in two frame sizes: 1.1 " 
(lengths of 1.26", 1.57", or 2.03") and 1.38" (length of 
1.46" or 2.05"). These PK Series stepping motors fea­
ture a plug-in connector for simple wiring and a com­
pact, lightweight design for Oexibility. 

For Free Info Visit www.nasatech.comlOMU5A 

linear Motor 
Actuators 
The LMA series of 
actua tors from 
Aerotech (PillS­
burgh , PAl har­
nesses the speed, 
acceleration, and 
accuracy capabili­

ties of a linear motor for the latest in high-through­
put linear aCLUator technology. This modular stage is 
suitable for pick-and-place machines, gantry axe , 
shuttle stages, assembly machine , or as a general­
purpose positioner. These aCLUators illlegrate 
mechanical and electrical components. 

For Free Info Visit www.nasatech.comiAerotech 

Dual-Axis 
Control 
Module 
The B12920 
is the new 120 
VAC \'ersion of 
A Tech O's 
(Minneapolis, 
M) BI292 
dual-axis control 

eries has a multiproces or, dis­
tributed-control de ign with a 20 II-Iz Imel proces­
sor, and a dedicated OMHz B2500 ervo 
Processor per axi for real-time control execution. 
The unh'crsal drive is software configurable for 0 
bnlsh, C cr\o, and induction motors. 

For Free Info Visit www.nasatech.comiACST 

Low Profile 
Encoder 
The R MLl5 by 
RE 0 Encoders 
(Coleta, ) com­
bines brush Ie s 
mOlor commuta­
tion pulses and 
incremental posi­
tion feedback in a 

10\\ profile (0.35" height) single optical encoder. It 
features R.E CO's palemed slide/lfap mechanism 
for ease of installation and a built-in sen'O groove 
that allows ±20 degrees rotation for aligning the 
commutation t1<lcks with the motOr pole. vailable 
with resolution up to 20~ lines, R 1L15 provide 
commutation for 4,6, or 8 pol bnlshless motors. 

For F ..... Info Visit www.nasatKh.comlRENCO 

www.nasatech.com 

ADVERTISEMENTS 

MICRO-DRIVES 
Is an international group of 
micromotor and gearbox 
manufacturers dedicated to 
providing quality products 
and ervices ,vith timely 
delivery at a reasonable 

price. For over 40 years we have supplied OEMs with 
fractional horsepower motors and geannotors for 
pumps, ventilation equ ipment, security and access 
control, prin ti ng machinery, motorized window 
treatments and gaming equipmelll, medical equip­
ment and in m IJnents and almost any o ther minia­
ture actuator applications you can imagine. 
• Prod uct sizes 12 to 80 mm 
• Power ratings .5 to 25 watts 
• Torque range up to 347.2 oz-in 
• Visit our website for pricing 

www.micro-drives.com 

COMPANY PROFILE 
Micro Mo Electronics i an OEM 
supplier of fractional horsepower 
o motors, preci ion gearheads, 
tachometers, encoders, brakes, 
and complete servo systems. 
Gearmotors from 1.9 mm in 
diameter. Power OutplllS to 1,000 

watlS. Over 1,000 matching gearhead types are 
available in ratios lip to 1,000,000:1. Custom 
motion systems and special modifications. I 0 
9001 certified. Micro Mo Electronics, Inc., 14 81 
Evergreen Ave., Clearwater, FL 33762-3008; Phone 
(800) 07-9 166 ( S or Canada) or (727) 572-
0131; fax (727) 573-5918; web site: http://www. 
micromo.com; e--mail: info@micromo.com. 

Micro Mo Electronics 
For Free Info Visit www.nasatech.com/6S1 
or Enter No. 6S1 at www.nasatech.com/rs 

MVpe2001 MOTION 
CONTROL SYSTEMS 
The MVP provides mOlion , 
velocity, position , and torque 
control with an imcgrated PWM 
or lineal' amplifier in one 2" X 
4" X 3.7" extruded metal case. It 
prO\ides OeviceNetN compliant, 

RS-232, or RS-4 5 multidrop control of bnlSh 
and/or bnlsh less 0 motors. Up to 64 axes can be 
networI..ed. nder 600 in single piece quanti­
ties. Micro Mo Electronics, In ., 14 81 Evergreen 
Ave., leam3ter, FL 33762-300 ; Phone: ( 00) 07-
9166 ( or nada) or (727) 572-0131; fax: (727) 
573-591 ; web site: hup:! / "ww.micromo.com; 
e-mail: info@rnicromo.com. 

Micro Mo Electronics 
For Free Info Visit www.nasatech.com/6S2 
or Enter No. 6S2 at www.nasatech.com/rs 

Control System 
Design Cuide 

Second Edition 

A-Z, the most compre­
hensive handbook on 
control systems! Packed 
with practical guidelines 

'--____ ---' and design methods 
that can be applied by anyone work ing 
on drive and motion systems. Key topics 
are demonstrated with over a dozen 
models of control systems (which can be 
run on free software available via the 
Internet). $79.95 

Order online: 
www.nasatech.com/store 



UV CUUBlE NeWonth. 

EPOXY MARKET. 
FUTURES HIGH VISCOSITY 

AND LOW SHRINUGE 
MASTER BOND UV15TK 

• One part system • Fast cures upon UV light 
exposure. Cures in thick and thin cross sections 
• Minimal shrinkage 
upon cure . Outstanding 
thermal stability -Tg125°C 
• Excellent durability 
• Physical strength prop­
erties optimized by post 
heat cure . Remarkable 
adhesive properties 
• High chemical resis­
tance • Convenient 
packaging 
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Master Bond Inc. 
Adhesives, Sealants & Coatings 

154 Hobart St., Hackensack, NJ 07601 
TEL: 201-343-8983 • FAX: 201-343-2132 

main@masterbond.com • www.MasterBond.com 

For Free Info Enter No. 534 at www.nasatech.comlrs 

PVC Trim 
Trim a1" fTom Trim-10k, Buena Park, CA, 

is a PVC trim with a sponge mbber tubing 
attached to provide a mechanical bond to 
almost any edge, as well as eating agajnst 
almost any surface. Operating temperatures 
are between -20°F and 150°F. The seal is man­
ufactured out of ozone- and UV-re istant 
EPDM automotive-grade rubber, and the trim 
is manufactured out of weatheJ~ and wear-resistant vinyl. For Free Info 
Visit www.nasatech.com/trimlok 

Digital Video Camera 
Toshiba America, Irvine, CA, oITers the LK-SXl digital monochrome 

progressive"-5can video camera with asynchronous reset electronic shutter 
featuring speeds from 1/ 15 to 1/50,000 sec. The camera has 
a megapixel 2/ 3" CCD with 6.45 micron square pix­
els, and a full scan rate of 15 frames/ second at 
1392 x 1040 pixel resolution. A partial scan rate 
allows output of up to 60 frame / second. For 
Free Info Visit www.nasatech.com/toshiba 

Product Data Management Software 
PTC, eedham, MA, offers Windchill'" PDMLinkN

, part of its 
Windchill Web-based collaboration and control oftware. PDMLink 
captures and manages product information throughout a product's 

lifecycle in a common database acces­
sible to all users. It allows users to cap­
ture and share product structure, 
definition data, and viewables from 
CAD systems such as Prol E GINEER 
and AutoCAD. Other features include 
3D part visualization and identifica­
tion, a personal notebook, configura­

tion management, and change management feature such as problem 
reports, enterprise change reque ts and notifications, and bill of 
materials. For Free Info Visit www.nasatech.comlptc 

Transmitters 
The TX1500 transmitters from 

OMEGA Engineering, tamford, 
CT, feature 9-50 V compliance, 
turndown ratio to 10:1, IMV pro­
tection to 120 Vac, -400 to 15°F 
operation, shock re i tance to 55g, and 
NEMA-4X metal encasing. Two-wire operation power is obtained from a 
4 to 20 mA loop without the need for separate power input. Overvoltage 
of 120 Vac may be applied across the input or output leads for one 
minute in all models with voltage or thermocouple input. For Free Info 
Visit www.nasatech.comlomegaaug 

Design & Simulation Software 
The MathWorks, atick, MA, has introduced SimMechanics, a suite 

of tools for engineering design and simulation of mechanical systems 
within the Simulink· environment. SimMechanics provides control 
engineers with capabilities for model-based design , enabling them to 
analyze their designs early in the design cycle, evaluate the perfor­
mance of the system, make adjustments, and eliminate problems 
before committing to a detailed design. For Free Info Visit 
www.nasatech.comlmathworks 
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New 

LITERATURE 
Servo Motors 

Pittman, Harleysville, PA, offers a 12-page 
product bulletin on ELCOM SL~ slotless, brush­
less DC servo motors for imaging, medical 
devices, mas storage, and office automation 
equipment. The motors offer negligible mag­
netic cogging, a magnetic air gap, and speeds 
of up to 8,000 RPM. For Free Info Visit 
www.nasatech.comlpittman 

Electronic Enclosures 
An eight-page brochure highlights electron ic 

enclosure products from Buckeye Enclosures, a 
division of Buckeye hapeForm, Columbus, 
OH. Included are the E-Series, BMX/ BMU, 
XPAND-A, and Fe cases, sub racks, and plastic 
enclosure technology (PET). The enclosures 
are suitable for data and telecommunications, 
test and measurement, process control, and 
medical instrumentation industries. For Free 
Info Visit www.nasatech.comlbuckeye 

Motion Control Equipment 
Tol-O-Matic, Hamel, MN, offers a 12-page 

brochure on band cylinders, cable cylinders, 
linear slide , actuators, and grippers. Included 
are a selection of rod cylinders with force out­
put up to 630 pounds. Options include stop 
collars, bumpers, adapter p lates, stainless 
steel bafting, shock ab orbers, proximity sen-
ors, and switches. The company al 0 custom­

builds products for conveyor manufacturers, 
filter manufacturers , automated banding 
equipment, and cylinders for the packaging 

industry. For Free Info Visit www.nasatech.comltolomatic 

Position Sensors 
An eight-page brochUl'e from Macro ensors, 

Pennsauken , 0, describes AC- and DC-operat­
ed linear and rotary po ition sensor and sup­
port electronics. Included are general-purpose 
LVDT , hermetically sealed unit , spring­
loaded LVDTs, and contact-less rotary po ition 
sensors. Also available are signal conditioners 
and controllers. For Free Info Visit www. 
nasatech.comlmacrosensors 

MINCO -:-=:: 

Heaters 
Thermofoil~ heater and temperature 

control products from Minco Products, 
Minneapolis, MN, are detailed in a 60-page 
catalog. More tllan 2,000 standard models of 
etched elemelll heaters witll ilicone rubber, 
Kapton N

, and mica insulation arc in luded. 
Also featured are Thermal Clear heaters 
\\~th tran pir d insu lation and nearly invisi­
ble wire elements. For Free Info Visit 
www.nasatech.comlminco 

Tech Blien , August 2002 

Low cost, compact DC controller operates on feedback from 
heating element - no sensor required! 

• Regulates up to 3 A at 4.5 to 60 VDC • Adjustable setpoint 
• Solid state design • Wire leads or circuit board mount 

Accurate temperature control with minimal space 
requirements & power consumption· LCD's· Vehicular 
electronics • Medical devices • Miniature components: 
Crystals, inkjet printheads, lasers · Scientific apparatus 

MINCO 
Minco Products, Inc. 
7300 Commerce Lane I Minneapolis, MN 55432-31 77 U.S.A. 
Tel: 1-763-571 -3121 I Fax: 1-763-571-0927/ www.minco.com 

For Free Info Enter No. 535 at www.nasatech.comlrs 
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NEW! SERVOMETER® 
"SMC" COUPLINGS 
LINE 
Servomete~ Uexible couplings 
are Low Inertia, Zero Backlash, 
Low Wind-up, precision con­
stam velocity universal joints. 
Servomete~ Uexible couplings 

absorb angular and parallel misalignments in com­
bination with axial movement, while precisely 
Udll mitting motion and torque. Servomete~ Uexi­
ble couplings feature integral clamp hubs which 
will not mar the shafts. Servometer® Precision 
Manufacturing Group, LLC, 501 Little Falls Rd. , 
Cedar Grove, NJ 07009-1291; Tel: 973-785-4630; 
Fax: 973-785-0756; www.servometer.com 

Servometer®/PMG, LLC 
For Free Info Enter No. 613 
at www.nasatech.com/rs 

~ 
HIGH-QUALITY SCREENS 
AND FILTER MATERIALS 
FREE 68-page manual from Sefar 
America contains comprehensive 
product information and samples of 
precision woven plastic and wire 

screens. Sefar products provide high-perfonnance 
filtration and separation for applications including 
debris screens in appliances, fuel filters for the 
transportation industry, EMI / RFI filters, blood and 
Uuid f:ilters for healthcare,1luid filters for hydraulics, 
and Illany others. Our products are backed by 
industry-leading technical suppon and customer ser­
vice. Sefar America Inc. ; Tel: 800-995-0531; Fax: 716-
706-0154; e-mail: h&info@sefaramerica.com ; 
www.efaramerica.com/ hs/ inLro.htm 

Sefar America 
For Free Info Visit www.nasatech.coml683 
or Enter No. 683 at www.nasatech.com/rs 

" AUTO-SLIDES" 
MOTOR READY 
LINEAR BALL OR 
CROSSED ROLLER 

L-___ ----l STAGES 
With a nexible zero backlash coupling, straight 
line accuracy of up to 0.0001" per inch o[ travel 
and repeatability of 0.0001", the new slides offer 
precision linear motion at prices starting at 844. 
Auto-Slides provide a 3/ 8" diameter 0.10" lead 
screw with anti-backlash nut and contain a ema 
23 mount [or mOtor installation. They are avail­
able with special configurations and a variety of 
leads and pitches. Tusk Direct; Tel: 800-447-2042 
or 203-790-461 1; www.lUskdireCLcom. 

Tusk Direct 
For Free Info Enter No. 61S 
at www.nasatech.com/rs 

2002 PRODUCT 
DESIGN GUIDE ON 
THE WEB 
Pulizzi Engineering, manufac­
turer of AC power disuibution 
and control systems, has 
announced its 2002 Product 
Design Guide that include 

standard units, new products, engineering specifica­
Lions, and a sampling of custom systems. The Web 
site has a new product search engine that searches 
the extensive engineering database and submits a 
liBt of products to the customer mat will meet spe­
cific needs. Pulizzi Engineering, Inc.; Tel: 714-540-
4229 or 800-870-2248; email: sales@pulizzi.com ; 
www.pulizzi.com 

Pulizzi Engineering, Inc. 
For Free Info Enter No. 611 
at www.nasatech.com/rs 

WE'VE GOT 
IT ALL 
From 2-piece Commercial 
to MS Approved Aero pace 
Rod Ends & Spherical 
Bearings. All types o[ mate­
rial available - Inch sizes 
from 1/ 8" to 2" - Metric 
from 3mm to 30mm. Let us 
design your specials for 

you. Aurora Bearing Company, 970 S. Lake St. , 
Aurora, IL 60506; Tel: 630-859·2030; Fax: 630-859-
0971; e-mail: auroraJodends@aurorabearing.com; 
\'Vww.auforabearing.com 

Aurora Bearing Company 

For Free Info Visit www.nasatech.com/661 
or Enter No. 661 at www.nasatech.com/rs 

POROUS 
CERAMIC 
VACUUM 
CHUCK 
PhotoMachining of­
fers a porous ceramic 
vacuum chuck for use 

with thin fi lms and other flat samples. Pore siles 
under 25 microns assure uniform suction and holding 
power for even the smallest parts. PhotoMachining 
also provides contract laser-manlUacturing services, 
and designs and builds custom laser-based manufac­
turing equipmenL PhotoMachining, inc., 4 Indusuial 
Dr., Unit 40, PeUlam, NH 03076; Tel: 603-882-9944; 
Fax: 603-886-8844; rschaeffer@photomacllining.com; 
www.photomachining.com 

PhotoMachining, Inc. 
For Free Info Enter No. 610 
at www.nasatech.com/rs 

FMEA SOFTWARE 
Failure Modes and Effects 
Analysis using FMEA-Pro ™ 5 
empowers automolive, con­
sumer, electronic. aerospace, 
defense and general manu­
facturing industries to 
improve the quality, reliabili­
ty and safety of their prod­
ucts. This fully customizable 

software helps companies comply with Q 9000, 
ISO 9000 , SAE J1739 , MIL-STD-1629, ISO/ TS 
16949 and otl,er regulations. FMEA-Pro™ 5 con­
tains extensive libraries and data protection fea­
tures. The report generation lools support a variety 
o[ file formats, including HTML and PDF. 
Download a free mal: \\,"w.fmeasoftware.com. 

Dyadem International Ltd. 
For Free Info Visit www.nasatech.com/678 
or Enter No. 678 at www.nasatech.com/rs 

PRESSU RE 
INDICATING 
SENSOR FILMS 
Pressurex force indicating 
sensor films enable you to 
quickly, accurately and inex­

pensively measure pressure disuibution and magni­
tude berween any two contacting surfaces. Ideal QC 
and R&D applications include evaluation of bolted 
joints and gasketed surfaces, lamination presses, nip 
impressions, heal seals, composite material tests and 
machine calibration. FREE samples. Sensor Products 
Inc. USA; Tel: 973-884-1755; Fax: 973-884-1699; 
e-mail: sales@sensorprod.com; www.sensorprod.com 

Sensor Products Inc. USA 

For Free Info Enter No. 612 
at www.nasatech.com/rs 

HIGH PERFORMANCE 
BRUSHLESS D.C. 
MOTORS 
ARC Systems, I nco offers cus­
tom BLDC molors. ARC 
Systems, Inc. use high energy 
materials to meet the 'igid per­
formance requirements of our 

customers. ARC Systems, Inc. is committed to pro­
ducing highly technical designs at unbeatable 
prices. We specialize in 2 Wire Brushless D.C. 
Motors wim the ControUer buill in. ARC ystems, 
Inc. , 2090 Joshuas Path , Hauppauge, NY 11788; 
Tel: 631-582-8020, 800-893-3649; Fax: 631-582-803 ; 
email: ARCUSERVE@aol.com ; website : www. 
arcsystemsinc.com 

ARC Systems Inc. 
For Free Info Visit www.nasatech.com/684 
or Enter No. 684 at www.nasatech.com/rs 
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CURRENT 
TRANSFORMERS, 
TRANSDUCERS & 
ACCESSORIES 

f-~ei'::....:s=1 

Catalog 2007, our J 72-page 
catalog featuring split-core 
and solid-core current 
transformer, potential 
transformers, electrica l 
transducers for AC and DC 

applications, signal conditioners, panel meters, 
KWH ub-metering stems, and analog to pulse con­
veners. FLEX-CORE, 6625 McVey Blvd., Columbus, 
O H 43235; Te l: 614-889-6J52; Fax: 614-876-8538; 
e-mail: flcxcorc@msn.com;\\1\Wi·. flex-core.com 

FLEX-CORE 
For Free Info Visit www.nasatech.com/629 
or Enter No. 629 at www.nasatech.com/rs 

HIGH-SPEED, 
HIGH-PER­
FORMANCE 
CAMERA 
MODULES 

The PV OEM-ready smart camera (MUS-IK, 
MEL! -I K, MSU -2K. MAC 1 K) feature highly 
sensiu\e, low noise linear and area imagers. These 
cameras come with either a Camera-Link or 
Firewire (1394) interfa e and an provide a high 
quali ty video image at pixel speeds from I MHz to 
over 90 MHz. Deve lopment kits with Frame 
Crabber and software are also available. Contact 
our sales department at sale @photon-vision.com 
or phone 607-756-5200; www.photon-vision.com 

Photon Vision Systems 
For Free Info Visit www.nasatech.com/681 
or Enter No. 681 at www.nasatech.com/rs 

TEMPERATURE 
MEASUREMENT 
SOLUTIONS 
For 30 years, Lake 

hore has been an 
internauonal leader in 
measurement and con­

trol soluuons. Lake hore's new full-color tempera­
ture product guide features our complete line of 
cryogenic temperature sensors and inst ruments 
including the new 21 I Temperature Monitor, 332 
Temp r,\lure ControUer, 370 A Resistance Bridge, 
and DT-670 ilicon Diode temperature sensor. Lake 

hore ryotronic, Inc.; Tel; 6l4-891-224-1 or 00. 
394-2243; Fax: 614-818-1600; e-mail; marketing@ 
lakeshore.com; www.lakeshol·e.om 

Lake Shore Cryotronics, Inc. 
For Free Info Enter No. 608 
at www.nasatech.com/rs 

Brand new! 
HANDBOOK 
OF 
MATERIALS 
SELECTION 
This inno\'(\lh c n~~() ll n:.t~ 

for materia ls properu<"s. 
evaluation, and industria l 
applications "ill be ,our 

dc,k,id" compan ion for car, to come .. ol'crs 
pl.,\tiV"l . ce ramics, COI1"1poshes. metals, and 
1I1 0 1 l'. O", r 1.500 page, featuring hundreds of 
gl ,lph, . challs. an d ta bles. 225 

Order online: 
www.nasatech.com/ store 

---_ .. ------

FILMIWAVEGUIDE 
THICKNESS/ 
INDEX 
T he Model 2010 prism cou­
pler measmes thickness (± 1 %) 
and index (±.0003) in x, y, and 
l direcuon for 0.4 to 150 
mi ron dielectric or pol)mer 
films/ coaungs/ waveguides. 
Samples can be rigid or 

Oexible. For thicker materials, index/ anisotropy 
can be measured without ma tching fluids. 
Measuring wavelengths from 405 to 1550 nm are 
availab le. Metricon; Te l: 609-737-1052; e-mail: 
info@melricon.com; w\\'w.meuicon.com 

Metricon 

For Free Info Visit www.nasatech.com/630 
or Enter No. 630 at www.nasatech.com/rs 

HARDFACING, 
WELDING & THER­
MAL SPRAY WIRES 
Polymct manllfactures patented 
solid nickel and cobalt based 
aUoy "ire for high temperalUre 
and wear applications. We aI 
produ e othel' solid and cored 
\\;res ranging from aluminum to 

7jnc allo) . Polymet excels in meeting customer and 
industry specifications for welding and thermal spray 
wire in the aerospace. chemic:~, nude-d!', and indusu;aI 
seCtors. Proprietary allo}s can be del'eloped for uniqu 
applications. Pol)met rp.; Tel; 513-874-35 6; Fax: 
513-874-2 80; e-mail: sales@polymetcorp.com; 
,,,,,,,.pohmetcorp.cOIll 

Polymet Corp. 
For Free Info Visit www.nasatech.com/682 
or Enter No. 682 at www.nasatech.com/rs 

pring Catalog! 
malley has ol'cr I 00 spring<; in 

stock with sizes from 3/8" to 
16". pedal designs range from 
9/32" to 84"; carbon and stain­
less steel arc available. mailer 

olTers a No-Tooling-Costn • manufactllring process. 
All prings Are Not Equal". Sal'e up to 50% mOre 
space with Smalley. Call today and speak with one 
of Ollr engineers to get FREE design a sistance. 

malle teel Ring Company, 3 5 Gilman 'enue, 
Wheeling. IL 60090; Tel : 47-537-7600; Fax: 47-
537-7698; email: info@malley.com; website; 
ww\ ..... smalle)'-com 

Smalley Steel Ring Company 
For Free Info Enter No. 614 
at www.nasatech.com/rs 

DISCOVER 
INDUSTRIAL, 
DISTRIBUTED I/O 
SOLUTIONS 
National lnstrtlments FieidPoim 
delivers unmatched soflware 
integration and gives you the 
ability to choose a system based 

on a variety of open, standard networking technolo­
gies. With til is Field Point brochure, learn how to build 
useHlefined disLribLlled I/O systems "'th three ea5) 
steps. To get your FREE brochure, ca ll or visit 
ni.com/ info and enter nai34b. National Inso'UmenlS; 
Tel: 800-452-69 14; Fax: 5 12-6 3-9300; e-mail: 
info@ni.com; ""w.ni.com/ fieldpoinl 

National Instruments 
For Free Info Visit www.nasatech.com/670 
or Enter No. 670 at www.nasatech.com/rs 

ELECTRONIC COMPO­
NENTS DISTRIBUTOR 
Mouser Electronics catalog pro­
vides complete pl'oduct & pricing 
data for over 160,000 components 
from 200+ Ie-ading suppliers. Our 
catalog is updated every 90 da 
and our Internet is updated daily. 

Our updated web~ite oITers secure online ordeting, 
data sheets, search capabiliues, and much more . 
Mouser olTers same-day shipping, technical support 
and friend ly selvice all in Ollr new 170,00O-square-fl. 
fucility. Mousel' ElecITOnics, lnc., a "ITI Inc. Company; 
Tel: 00-346-6873 or 17-80+3888; Fax: 17-804-3899; 
e-mail: catalog@mouser.com;w\\-.v.mauser.com 

Mouser Electronics, Inc., 
a TTl Inc. Company 

For Free Info Enter No. 609 
at www.nasatech.com/rs 

POLYGON 
SHAFT-TO-HUB 
CONNECTIONS 
Pol),gon shaft-to-hub connec­
lions can Lransmit lwice lhe 
torque of involute splines in 

the same shaft diameter, due to the elimination of 
SU'ess concentration risers. Three-lobe polygons are 
clf-centering, and provide perfect concentricity. as 

the are precision ground on centers, with tile shaft 
bearing diameters, using one set-up. They can be 
ground after heat treaung, for absolute minimal 
clearance and backlash. Zero backlash connection 
are manufactured using taper polygons. Four·lobe 
polygon slide under torque loads. StolTe I Polygon 

tems, Inc.; Tel ; 911-961-2000; Fax: 914-961-7231. 

Stoffel Polygon Systems, Inc. 
For Free Info Visit www.nasatech.com/622 
or Enter No. 622 at www.nasatech.com/rs 

Van Nostrand's 
Scientific Encyclopedia 

NEW Ninth Edition 

The definitive cientific re ource - extensively updated and 
revised for the firs t time in a decade. Two volumes ... 3,936 
pages .. . 8,000 listings .. .4,878 diagrams, photos, & tables. 

pans astronomy, computer science, biotechnology, 
mechanical engineering, & much, much more. 295.00 

Order online: 
www.nasatech .com/store 
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INTRODUCING DESIGN CHAIN ACCELERATOR 

The High.Performance Computing Solution That Streamlines Product Development 

The results are obvious. MSC.Software, Hewlett-Packard and the Intel Corporation have partnered to provide a 
comprehensive computing system that dramatically reduces time spent in the product design process. 

By combining high-performance HP servers and flexible Intel processors with the powerful MSC.Linux distribution 

and unique Linux clustering technology, we've created a cost-effective method of tackling complex 

engineering problems. Fully customized and scalable, our Design Chain Accelerator meets the simulation 

and testing demands of the automotive and aerospace industries. It results in faster design cycles, enhanced 

product quality and reduced manufacturing costs. Does that compute? Then quick - give us a call. 

For More Information. Call 1.B88.872.4100 I www.designchainaccelerator.com 
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FOR A FASTER 
WAY TO ROCKET THROUGH 
THE PRODUCT·TO·MARKET CYCLE? 
ACCELERATE WITH IES 
Whether you're designing electric 
motors, MEMS devices, magnetic sen­
sors, ion guns, high voltage equipment 
or power electronics systems, 
Integrated's innovative electromagnetic 
simulation software will get you from 
concept-to-market faster and beats 
conventional method EM simulation 
software ... hands down. 

HOW? 
• An intuitive graphical user interface 

designed specifically with the 
engineer in mind 

• The industry's most powerful geo­
metric modeler with built-in para­
metrics for design optimization 

• Fully optimized solvers for unequaled 
speed and performance 

• Exact modeling of geometry and 
superior modeling of regions exterior 
to device for the most accurate field 
results 

• Advanced, direct plug-In interopera­
bility with leading CAD software 

• Unmatched technical support 

Rely on IES's software to accurately 
model your most complex electromag­
netic device or system and predict 
force, torque, field components, capaci­
tance, inductance, space charge, eddy 
currents, power system performance 
and more ... 

Dream a design, plug it in, optimize it 
and speed it to market like never 
before. 

/ 
'." f. ~!'ii ':' , . ~ I' m . Ii ' 

,,,,~! 

For a test flight of any of IES's 
simulation tools, contact 
Integrated Engineering Software 
at 204-632-5636, e-mail us at 
info@integratedsoft.com or visit 
www.integratedsoft.com 

INTEGRATED 
ENGINEERING SOFTWARE 

Setting the S nda d ... Again 

autodesk' 
~1OIvt1on~ 
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