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Increase your test productivity 
by 10X with easy-to-use 
National Instruments LabVIEW"'. 
With tight integration to hundreds of test 

instruments, you can quickly build test programs 

using intuitive LabVIEW graphical programming. 

With the optimized execution performance in LabVIEW, you 

can increase your development productivity without sacrific ing 

valuable test performance. 

NATIONAL 
INSTRUMENT~ 

www.ni.comjinfojlv (800) 452-6914 
Tel: (512) 794-D100 • Fax: (512) 683-9300 • info@ni.com 

For More Information Circle No. 516 



Still puzzl~d c.bc»ut hc»vv tc» 
cut c»r .~c..1c YC»Llr p~duct? 
Steel, labels, acrylic, foam, cork, leather, fabric, lace, gaskets, sail cloth, 

nylon, sandpaper, vinyl, specialty paper, wood, and plastic. Every day 

over 15,000 Synrad C02 lasers cut, drill and mark these and many 
other materials. Applications are practically boundless-the more you 

learn about our lasers, the more uses you will find for them. 

Simple ro use with the reliability demanded by the roughest 

industrial applications. No gas bottles ro replace, tool to resharpen 

or nozzles to clean--our lasers offer maintenance-free operation 24 
hours a day for over four years. That's why Synrad lasers cost less 

to buy and run than other technologie . 

Integrating our laser 111to your existing application is easy. We 

design our C02 lasers to be components-think of them as light 
bulb -to mate with XY rabies, gantry systems, or robot arms. No 

major redesigns are necessary to obtain the benefits of laser processing. 

Our all-sealed technology means no adju tments or alignment 

problems--ever. 
Eliminate die cutters, blades, scribers or ink. The small focused laser 

beam produces sharp, clean edges and, as the process is non-contact, 

intricate patterns can be cut In thin, delicate materials with no drag-

even at high speeds. C02 lasers can offer Increased precision, higher 

processing speeds and less waste. 

Never used a laser before? either had most of our cusromers before 

talking to us. To learn how sealed C02 lasers can help Improve your 

process quality and reduce your manufacturing time and COSts, call 
1.800. YNRADI today. 

VII VII VII. synrad. co ..... 

Send us your sa ..... ples "for a 
FREE Process Evaluation - - - -

Can you benefit from laser technology? Find out by sending us samples 
(remember to include a description of your current process and, if possible, 
an example of a "finished" product). Within 3-5 days you'll receive a Synrad 
SamplePakTM containing your samples (suitably marked, drilled or cut by our 
Applications Facility), a written Materials Evaluation and more information on 
implementing laser technology. ,,,,g..,;;;;; .. 9,o_ .... ,,, .... , . ,, .. .- ........ 

For More Inf.ormation Circle No. 557 

SYNRAD 
6500 Harbour Heights Parl<way 

Mukilteo, Washington 98275 USA 
425.349.3500 tel 425.485.4882 fax 



Science 
makes it possible 

Gamma ray bursts are the largest known explosions in 

our universe, producing a spectacular 1052 to 1054 ergs 

of power when they light up the sky. Yet what causes 

these mysterious phenomena to occur or how they 

work remains a mystery to astrophysicists. That's why 

Spectrum Astro is working with Goddard Space Flight 

Center as part of NASA's newest MIDEX mission team 

to develop the Swift Gamma Ray Burst Explorer. Our 

spacecraft bus supports the quick-slewing Swift 

Observatory, able to detect and locate a gamma ray 

burst within tens of seconds after onset - a feature 

paramount to performing the scientific observation. 

Spectrum Ast~o 
makes it affordable 

And just as importantly, we'll meet the goals of 

NASA's Explorer Program with a reliable bus 

design that truly enables frequent, low cost 

access to space. How? By accelerating the 

spacecraft production flow with an innovative 

series of time saving practices that directly 

impacts the cost of doing business. Because 

at Spectrum, we know our science customers 

are dedicated to success at any price. 

We just think it should be affordable. 

ArIzona California Colorado Virginia 

Contact the Program Development Office 

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

www.spectrumastro.com AFFORDABILITY THROUGH INNOVATION 

For More Information Circle No. 505 
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Directly from us to you www.a/gor.com 

Igor LI~ 
For Training and Education 

Now new and experienced Algor 
customers can get step-by-step 
instruction on how to take advan
tage of software features and 
capabilities without leaving their 
desk. Each Web Course registra
tion includes: 

Access to the Live Web Course on 
the Internet using a password. 
Viewing the Live Web Course 
gives engineers the opportunity to 
phone in or email their questions 
and participate in the training. 

Access to the replay of the Web 
Course for unlimited personal 
screenings using streaming video 
format. The streaming video format 
is a fast response format that 
"streams" the video over the 
Internet to the engineer with no 
download times. 

A VHS videotape or CD-ROM con
taining the Web Course enables 
engineers who do not have 
Internet access to benefit from 
Algor's use of Internet audiolvideo 
technology. This enables viewers 
to build a resource library of Web 
Courses. 

Past topics of Algor Live Web 
Courses are also available for sale 
in both Internet Streaming Video, 
VHS videotape or CD-ROM for
mat. See our web site for course 
listings and details. 

Algor's Cutting Edge Technology Enables 
High Audio and Video Qu ity 

All Algor Live Web Courses are broadcasted in three band
widths with top quality audio to reach viewers on all types of 
Internet connections from 56k modems to cable modems 
and T1 lines. 

Algor has made a significant investment in webcasting 
technology to produce Web Courses of the highest possible 
quality at any bandwidth. High-technology production tech
niques show the details of Algor software in use at any 
bandwidth. 

F F PLE To sample Algor's Web Course technique 
at no charge, tune into one of our u I c b sbo 
available at www.algor.com/webcast that showcase live 
demonstrations of Algor software capabilities. By calling in, 
engineers can partiCipate in the live demonstration by having 
Algor engineers respond to their questions. The Webcasts 
are then made available for replay after the live broadcast for 
a personal screening at any time. Visit our web site for a list
ing of upcoming Webcasts and Webcast Replays. 

Algor's Web Courses halle qualified for Professional 
Dellelopment Hours (PDH) within those states that 
have Continuing Professional Competency (Cpe) 
requirement as a condition of itcense renewal 

for Professional Engineers. 
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PRODUCT OF THE MONTH 

Compaq Computer's new 
Deskpro AP240 workstations 

bridge the gap between high-end 
and entry-level workstations. 

14 
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In this impeller image, iso-surfaces of flow 
speed (based on the relative frame of 
reference) show blockage w ithin the main 
channel - the iso-surfaces are colored by 
pressure. Streamlines, seeded on the blockage 
region, show recirculation patterns around the 
blocked passage. The simulation was created 
with FIELDVIEW 6 visualization software from 
Intelligent Light, Lyndhurst, NJ. For more 
information on the software, see New on 
Disk on page 62. 

(Image simulatIOn results courtesy of NREC) 
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34401A Digital Multimeter S995 

548450 Mixed Signal OscifJoscope S4,995 

E3633A Power Supply 

E44DOB Signal Generator 
(ESG-A Series) 

S7,35(J 

E4411 B Spectrum Analyzer S 7,50(J 
(ESA-L Series) 

33120A Funcl/on Generator S1,795 

1664A Logic Analyzer 

You understand how frustrating searching for the nght Instrument can be So does Agllent Techno og e 

That's why we asked engineers what they wanted from their tools Before we designed them Now we 

give you the most complete range of hIgh Qual tv general purpose nstruments That way you can buy 

Just the performance you need 

In the Interest of ttme we I always 9 ve you the nformat 0 you nee whe you eed t Specs 

appltcatJon informatIon. even pr c ng Just ca u to I free 0 s tor web s te Yo c eve orde 

on ne If you Ike Or call and ta k to aoothe engineer Just to make sure you get exa t e meas re

ment performance and ns ght yo need So you I have t me to focus on your e glOee ng cha lenges 

for a change 

1-800-452-4844-, Ext. 6733 

Agilent Technologies 
Innovating the HP Way 

For ...... 10,. ......... CIIde No. 501 
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Sealing and Bearing Solutions 
Turcon® Varilip® the High-performance Rotary Shaft Seal 

Combinations of high speed, high 
temperature andlor high pressure, cause 
conventional rubber-lip seals to wear out 
prematurely or fail suddenly. While a single 
requirement such as low friction may 
restrict the use of rubber lip seals, 
applications that combine several extreme 
operating conditions virtually eliminate the 
successful use of elastomeric seals. 

Thrcon· VarilipGl rotary shaft seals, made 
from high-performance polymers, offer an 
alternative to rubber lip seals for these 
difficult applications. In addition, higher 
performance and increased efficiency are 
now possible due to the ThrconGl Varilip·. 

The TurconGi Varilip· offers universal 
chemical compatibility, exhibits very low 
friction, operates above 12,()()() sfpm and 
produces leak -tight sealing. These seals are 
available in standard inch nominal and 
metric sizes in addition to a vast range of 
custom size and configurations. 

For an extra measure of performance and 
reliability in difficult operating conditions, 
without the problems of degradation, 
embrittlement and premature wear, the 
Turcon· Varilip· is a very effective 
alternative to rubber lip seals. 

Busak+Shamban, 800-767-3257. 
For More Information Circle No. 531 

SEALS THAT GO TO EXTREMES 

For applications that run at high 
pressures, temperatures , and 
speeds , in aggressive media 
or other extreme conditions , 
Turcon® Variseal "" should be 
your first choice for engineered 
sealing solutions. 

Spring-energized Turcon® 
Variseal"" seals last longer, seal 
tighter, and have much lower 
friction than typical seals. 

TURCON'· VARISEAL'· 

For sales and technical 
assistance please call: 

800-767-3257 
www.busakshamban .com 

• Vacuum to above 100,000 psi 

• Temperatures from cryogenic 
to above 575°F 

• Universal compatibility with 
aggressive media 

• Low friction Turcon® with a 
coefficient (Cr) down to ,04 

• Dry running with no 
lubrication required 

• Variety of spring loads for 
exact force and torque 

auaak+Sham8 
For More Information Circle No. 533 

Three spring-energizer 
designs make the Turcon® 
Variseal™ more versatile. 

With a choice of three spring-energizer 
designs, engineers can now specify seals 
optimized for virtually any application. 

Inserted in a Turcon· engineered
polymer jacket, these springs permanently 
energize the Variseal'" to maintain a 
positive seal over a long operating life. 
Each of the three designs-the Helical, "V" 
and SlantcoilGl Springs-offer decisive 
advantages for a variety of applications. 

0 Helical 

C V-Spring 

0 SlantcoilQl) 

Choosing the right spring is a critical 
step in the design process. The Helical 
Spring applies the highest unit load, 
making it an excellent choice for static and 
slow-speed reciprocating applications. For 
high-speed reciprocating, or moderately 
fast rotary applications, the V-Spring is a 
better choice. This spring is also used for 
applications with abrasive environments 
where superior scraping is critical. 

The Slantcoil· Spring, which is designed 
for both rotary and reciprocating service, 
is unique in that its spring force is virtually 
constant over a wide deflection range. 
Because it compensates for tolerances in 
the gland and for wear, it helps to ensure 
an exceptionally long operating life. 

All three spring designs are available in 
a wide variety of sizes, spring loads and 
metal alloys to match the needs of each 
applications precisely. 

Busak+Shamban, 800-767-3257. 

For More Information Circle No. 532 



NASA 
Commercial 
Technology 
Team 

industries. A key mechanism in identifying commercial applications for this technology is NASA's 
nauonal network of commercial technology organizations. The network includes ten NASA field cen
ters, six Regional Technology Transfer Centers (RITCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (609) 667-7737 for the FLC coordinator in your area. 

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

Ames Research Goddard Space Johnson Space Langley Research Marshall Space 
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: 
Fluid Dynamics; Earth and Artificiallntelli- Aerodynamics; Materials; 
Ufe Sciences; Planetary genceand Flight Systems; Manufacturing; 
Earth and Science Human Computer Materials; Nondestructive 
Atmospheric Missions; LlDAR; Interface; Structures; Evaluation; 
Sciences; CryogeniC ute Sciences; Sensors; Biotechnology; 
Information, Systems; Human Space Measurements; Space 

Communications, Tracking; Flight Operations; Information Propulsion; 

and Intelligent Telemetry; Avionics; Sensors; Sciences. Controls and 

Systems; Command. Communications. Dr. Joseph S. Dynamics; 

Human Factors. George Alcom Hank Davis Heyman Structures; 

Carolina Blake (301) 286-5810 (281) 483-0474 (757) 864-6006 Microgravity 

(650) 604-1754 galcom@gsfc. hdavis@gpl0l.jsc. j.s.heyman Processing. 

cblake@mail. nasa.gov nasagov @/arc.nasa.gov Sally Little 

arc.nasa.gov (256) 544-4266 
Jet Propulsion Kennedy Space sally.litt/e@msfc. 

Dryden Flight Laboratory Center John H. Glenn nasa.gov 
Research Center Selected techno- Selected techno- Research Center 

Selected techno- logical strengths: logical strengths: at Lewis Field 

logical strengths: Near/Deep- Command, Selected techno- Stennis Space 
Aerodynamics; Space Mission Control, and logical strengths: Center 

Aeronautics Engineering; Monitoring Aeropropulsion; Selected techno-
Flight Testing; Microspacecraf\; Systems; Range Communications; logical strengths: 
Aeropropulsion; Space Systems, Fluids Energy Propulsion 

Flight Systems; Communications; and Fluid Technology; Systems; 

Thermal Testing; Information Systems; Materials High TesVMonitoring; 

Integrated Systems; Evaluation and Temperature Remote Sensing; 

Systems Test Remote Sensing; Process Materials Nonintrusive 

and Validation. Robotics. Engineering. Research. Instrumentation. 

Lee Duke Merle McKenzie GaleA/len Larry Vitema Kirk Sharp 

(805) 258-3802 (818) 354-2577 (407) 867-6226 (216) 433-3484 (228) 688-1929 
iee.duke@dfrc. merle.mckenzie@ gale.allen- l @ cto@ technology@ 

nasagov ccmail.jpl.nasagov ksc.nasa.gov grc.nasa.gov ssc.nasa.gov 

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

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

Ken Dozier 
Far-West Technology 
Transfer Center 
University of Southern 
California 
(213) 743-2353 

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

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

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

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

Chris Coburn 
Great Lakes Industrial 
Technology Transfer 
Center 
Battelle Memorial 
Institute 
(440) 734-0094 

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

NASA Program Office 
At NASA Headquarters t here are 
seven major program offi ces th at 
develop and oversee technology pro
jects of potential interest to industry. 
The street address for these strategiC 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 

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

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

John Mulcahy 
Office of Space Flight 
(Code MP) 
(202) 358- 1401 
jmulcahy@mail. 
hq.nasa.gov 

Gerald Johnson 
Office 01 Aeronautics 
(Code R) 
(202) 358-4711 
gjohnson@aeromall. 
hq.nasa.gov 

Bill Smith 
Office of Space Sciences 
(Code S) 
(202) 358-2473 
wsmith@sm.ms.ossa. 
hq.nasa.gov 

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

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

NASA's Business Facilitators 
NASA has established several organi
zations whose objectives are to estab
lish joint sponsored research agree
ments and incubate small start -up 
companies with signi ficant business 
promise. 

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

B. Greg Hinkebein 
MissiSSippi Enterprise 
lor Technology 
Stennis Space 
Center, MS 
(BOO) 746-4699 

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

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

If you are interested in information, applications, and services relating to setellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis 
Center, (505) 277-3622. 
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Zip. the new ~nywI1ere dOve and 
dlSlt from Iomega, ambushed the market 
and sent the wllite flags flyong The kIcker' 
liIndmark capacity. in a th,n·wall assembly. 
at a near·impercepoble IInca The plastIC: 
stout CYCOLOY" resm from GE. 

GE Plastics 

Everyone wants what nobody aw coming. That's why 

you can'tju t break the mold. You have to hatter it

with fresh id as that drive out co ts, that ignite colo al 

proce imprO\'ements, that boldly move new products to 

market faster than eyer before. Thi i the curve that can 

become your edge. And with more re ouree and re ins 

than an plastic upplier on Earth, we can ' t wait to help 

you harpen your. E-mail web.feedbaek@gep.ge.com. 

Vi 'it \ rw\ .gepla tie .com/ zip. Or call u for more 

information at 1 00-845-0600. 

We bring good th;ngs to life. IonIIgo and lor>'" 'og,SlBIIIf ......... flllomogo Carpam .... 

CV!Xl.OY" ". tog~und __ 01 G-.I Beare: ~ 

For More Information Circle No. 575 



Genius. 
Visionary. 
Superhero. 

(G t Te plot. 
and your boss 
\i ill balling 
you nam 5 .) 

Ver§ion B.D 

Tecplot empowers scientists and engineers to 
communicate more effectively via the Internet 
with new options for publication and 
collaboration. Tecplot allows you to : 

• Access remote data 

• Create presentation-quality plots 

• Publ ish your research directly to the 
web 

• Interface with industry standard 
data formats 

Splendid graphics. Astounding presentations. 
And so easy to use. Get Tecplot 8.0, you ' ll feel 
like a genius. 

. _-

I . t'f 
~ ' • ~ 

1.800.763.7049 
Download a free demo today at www.omtec.com 

'Excellent I hove been using Tecplot for nearly all 
of my presentation plots for the lost 5 years.· • 
Richard Cohn, Air Force Research Laboratory 

.,LTTl I a= C · 
AMTEC ENGINEERING. INC . 

For More Information Circle No. 407 

Reader Forum 
Reader Farum is devoted to the thoughts concerns, questions, 

and comments of our readers. If you have a comment, a ques
tion regarding a peeiflc technical problem, or an answer to a 
question that appeared in a recent is ue, send )'our letter to the 
addres below. 

Your July issue featured a Reader Forum letter from Mark 
Kane requesting information on purchasing a small sheet of 
tungsten for an enameling kiln. A good place to start may be 
with a company called Goodfellow in Berwyn, PA, which man
ufactures standard and precision-cut metal and steel sheets, 
rods, and tubes. They can be reached at 1-800-821-2870, or 
on the Web at www.goodfellow.com. 

Arthur Lahey 
RuMar Mfg. Corp. 
Mayville, WI 
414-387-2104 

I have not been able to find radiation resistance data on 
Kevlar4 fiber. I would appreciate any assistance. 

Norm McFadden 
norman_cnorm_mdadden@rl .gov 

(Editor's Note: Norm, Kevlar4 is a manmade organic fiber 
developed by DuPonr-. Information on the fiber can be found 
on the DuPont website at www.dupont.com; or, you can con
tact DuPont's Corporate Information Center at info@dupont. 
com; phone: 1-800-441-7515.) 

I need to obtain information regarding an instrument to 
measure the yolk temperature of a chicken egg. Preferably, 
measurement would be done while the egg is traveling on a 
conveyor moving at about 25 fpm, and while it could be con
tained within a "pocket." I am looking for a non-contact sen
sor - one that would not require physically penetrating the 
shell. Output could be digital or analog, and could be a simple 
display, or sent to a PC or PLC An alternative would be a sen
sor that would require removal of the egg manually. Thanks 
for any information you can provide . 

Richard Koch 
FPS Food Processing Systems 
Lancaster, PA 
rjkoch@fpsusa.com 

Post your letters to Reader Forum on-line at: 
www.nasatech.com or end to: Editor, 'ASA Tech Briefs, 
317 Madi on Ave., ew York, NY 10017; Fax: 212-986-
7 64. Please include your name, company (if applica
ble), addre , and phone number or -mail addre . 
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INTRODUCING RHINO}R. 
A NEW ADDITION 

TOTHE 
KINGSTON STORAGE FAMILY. 

SOME FEATURES ARE SIMPLY INHERENT, as IS the case with the new Kingston- Rhino-JR 

fIxed and removable storage enclosures. Just like Kingstons rugged "Rhmo' product hne. 

RhinoJR products are platform mdependent and constructed of sturdy metal. Nearly as Lough. and of course, 

JUSl as good looking, RhinojR enclosures suppon fixed or removable tmplementatioTIS for today!; fastest dri~. 

RHINOJR REMOVABLE ENCLOSURE RHINOJR FIXED ONE BAY ENCLOSURE 

• Suppons ATIIDE or SCSI Wide and Wide Ukra Devices 

_ (2) Auto-Sensing Cooling Fans with Audible Alarm 

• 7-Segmem SCSl lD and Dnve Activity Display 

• Power-On/Fan Failure LED 

• Suppons 3.5· SCSI 1. 2. 3. Ultra and Ultra2(LVD) Devices 

• Auto-Rangmg 40 Watt Power Supply 

• Highly-Rated, Low-Noise 22.1 CFM Cooling Fan 

• Dnve Activity and Power-On LEOs 

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

Call Kingston today at (800) 259-9370 to find out how you can adopt your very own RhinoJR vi nlTsffiIl .'-~~ OLOGY 

CE 
S TOIlA.GE PRO DU C T S D I V I S I ON 

A- • So ........ s. 

m-

~ ~c..,.,. 11600 ~ Scrta. foua&aa "*'- CA '1108. ~ m f J.J8,.IMIO. Fa (71+) ~lMl 0 1999 ~ TubDcIIcv c:a.p.., AD npu ~ 
AJt tJ:Idaa.b_~ ~1ft"dJ,c:ptuprnTCJllhar ~~ 
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PRODUCT OF THE MONTH 

C
ompaq Computer Corp., Houston, TX, has intro
duced the Deskpro AP240 professional workstations, 
designed to erve as a bridge between the company's 
high-end Deskpro units and entry-level workstations. 

The desktop and mini-tower systems feature single Pentium III 
600EB and 733-MHz processor in the Rambus-memory-based 
models, and single Pentium III 700-MHz proce ors in the 
SDRAM-memory-based models. The Rambus-ba ed model 
also feature Intel 's 20 chipset, maximum memory of 1 GB, 5 
slots and 4 bays in the desktop model, 8 . lots and 5 bay in the 
mini-tower model, 9-GB wide ultra2 SCSI standard drive , and a 
40X CD-ROM. SDRAM model offer Intel's 440BX chip et, 
maximum memory of 768 MB, and a 32X CD-ROM. The 
systems offer 2D and entry-3D graphics. 

For More Information Ci rcle No. 744 

NASA's Intelligent Robot 

Scientists at NASA's Ames Research Center in California 
are developing an autonomous robot to support future 

space mission. The size of a softball, the Personal Satellite 
As istant (PSA) will be equipped with sensors to monitor 
environmental conditions in a spacecraft, including oxygen, 
carbon dioxide, and other gases; the amount of bacteria 
growth; and air temperature and pres me. The P A also will 
have a camera for video conferencing, navigation sensors, 
wireless network connections, and its own propulsion compo
nents that will enable it to operate autonomously through 
the spacecraft. 

The intelligent robot will serve as "another set of eyes, 
ears, and nose for the crew and ground support personnel,» 
according to Yuri Gawdiak, the principal investigator for 
the project at Ame . The little round robot' compact 
design will allow it to operate in the tight spaces aboard the 
Space Shuttle 's flight deck and in the International Space 
Station modules. 

Be ides data a i tant capabilitie , the P A will also be able 
to remotely monitor payloads, especially when onboard crew 
members are not available. Another benefit is the ability to 
have several PSAs conduct collaborative troubleshooting activ
itie . At least three PSAs would use formation flying to zero in 
on the location of a problem such as a pressure leak or tem
perature spike. 

New Device "Sees" 
Beneath Skin 

N ASA's Langley Research Center in Hampton, 
VA, ha., signed agreement .. with two medical 

centers to lL.,e NASA ,irtual reality technology to 
manage diseases. Studies "ill begin at the Strelitz 
Diabetes Research Institutes of the Eastern 
Vir'ginia Medical School in Norfolk on patient'; \dth 
diabetes. Studies at the Beha\ioral Medicine 
Center at the University of Virginia Health 
Sciences Center in Charlottesville ~ilI foUow 
patients \\;th other circulatory disordet'S. 

Artificial vision technology developed at Langley 
to help pilots train to fly in poor \lsibility can also 
aid diabetics at t'isk for nerve damage. The virtual 
reality de~ice allows the patients to visualize and 
control the flow of blood to their arms and legs. 
Patient., willlL .. e biofeedback to increase blood 
flow. The flow will be memmred with sensors 
attached to the patient'>' fingertips. Skin-surface 
pulse and temperature measurements will be used 
to Cl'eate a computer-generated image of what is 
happening to blood vessels under the skin. 

Diabetes patients will wear a 3D virtual reality 
head<;et for a view of the contraction and expallsion 
of tlleir blood vessels. Researchel'S believe that by 
enabling the patient., to visualize blood flow, it will 
help them learn to manage their disea.,e better. 

For more illforlllalioll, l';s;t the pmject web site at 
http://la§fUlUlUllarc.llasa .gov/tag! im!e.\. html. 

NASA Ames researcher Yuri Gawdiak displays the Personal Satellite 
Assistant (PSA), an autonomous intelligent robot designed to support 
astronauts on future space missions. 

The long-term future goals of the PSA are to support 
remote diagnostic operation , and to ubstitute as necessary 
for damaged or nonfunctioning sensors on future spacecraft. 
'We hope to launch a Per onal Satellite Assi tant in about two 
years aboard a Space Shuttle, and in about three years aboard 
the International Space Station," aid Gawdiak. 

For more infannation, visit the project web site at http://ie.are. 
nasa.govl iel psa, OT contact NASA Ames at 650-604-3937. 
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Have more time 
to work on the 
really hard stuff. 
N ow you can have more time to think, more time to explore, more time to solve 

real problems. With MATLAB, you can analyze data and develop 

interactively. MATLAB integrates numeric computation, 

advanced graphics and visualization, and a high-level 

programming language in a single environment. 

M/J!.ILB includes powerful visualization Companion products provide application-specific 
features for erenting images like this isosurface 

of wind speeds over North America. tools that save you even more time. 

Start now. Get pro dud details, complete specifications, and application examples. 

Learn bow MATLAB can help you work smarter. For product 

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

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

M..m.AB tools include 

interactive signal 

analysis and jilter 

desigtl, 2·D alld 3·D 

plotting, alld I'o/ume 

We haw I worldwi<k network of international rtpre$C1lt.ltives. 
V'lSit our Web ~ite at www.matbworb..comlnu for more infonnation. 

For More Information Circle No. 502 

Data Acquisition Toolbox 

MATtAB Report Gentrator 

ClC++ Graphics library 

MATUS Web Servtr 

• Optimization Toolbox 



Capture 32 Bits 
of Digital Data 

100 MHz Clock Rates 

"* Software Configurable 
to provide 
8, 16, or 32 bits 

Up to 16 MB of 
On-board Memory 

Multi-Card Systems 
providing wider 
input words of 
64, 96 or 128 bits 

il* Stream across 
PCI Bus to capture 
Gigabytes of 
gapless digital data 

Instrument 
Mainframes 

Available 

GaGa 
GAGE APPLIED SCIENCES INC. 
1233 Shelburne Road, SUite 400 
South Burllng1on, YT 05403 

T~ 800-567-GAGE Fax: 800-780-8411 
lHTIall : prodlnfoOgage-applled.com 
Fn>m ..-U.S cal 514-8J3.7447 '" fa>< 51~no 

For More Information Circle No. 408 

OM- 1M pas/three tkcades, • "" has granlLd 111m? than JOOO paun/ licntsts in vrrtuaUy ~ area of 
uchnoWgj. TM agmcy has a portfolio of J()()() palmts and fJtnding applications availabk now 

for lianst by busiJUSm and individuals, including thtst recm/Iy palm/hi in<lt1l/ions: 

Ground Isolation Circuit for 
Isolating a Transmission Line 
from Ground Interference 
(U.s. Patent No. 5,841,467) 

Inventor: Craig A. Davidson, 
Johnson Space Center 

It is de irable to develop i olation cir
cuitr for video tem and other wide
band communication stem that could 
be more economically con tructed and 
housed in smaller package than i now 
the case. The circuit described herein 
use a pair of balanced mixer circuits that 
respectively modulate and demodulate a 
baseband data ignal with a high-frequen
cy carrier signal of at least twice the fre
quency. The advantage ofthi approach i 
that the modulated ignal can be i olated 
using RF tran formers, which by compari
son with video tran formers are much Ie 
expensive and much smaller. The base
band ignal i coupled to the low-frequen
cy port of the mixer circuit, which modu
lates the baseband ignal onto the carrier 
frequency supplied by a local 0 cilia tor, 
and provide the modulated signal to an 
RF tran mission line. A second matched 
mixer circuit couples to the line to receive 
the modulated ignal at its RF port The 
same local 0 cillator couple to a port on 
the econd mixer circuit The oscillator 
ignal, which is the carrier ignal, cancel 

the latter, leaving the baseband signal. 

Controlled Thermal 
Expansion Coat for Thermal 
Barrier Coatings 
(u.s. Patent No. 5,863,668) 

Inventors: Will iam J. Brindley, Robert 
A. M il ler, and Beverly J. M . Aikin, 
Glenn Research Center 

The disadvantage of thick graded ther
mal barrier coatings in some application 
are twofold. Added coating weight i 
clearly a penalty for application in the 
rotating parts in gas turbine , e pecially 
aircraft turbine . Furthermore, thick ther
mal barrier in high-temperature applica
tion require the outer in ulating layer to 
be thick enough to insulate the graded 
areas, but again the coating become too 
thick and heavy. The present invention 

provide enhanced thermal fatigue life 
through modification of the bond coat' 
coefficient of thermal expan ion in tar
geted region of the coat' micro truc
ture. The coating comprise a first bond
coat layer of MCrAJX, in which 1 i a 
material selected from a group con i ting 
of nickel, cobalt, and iron and X is lect
ed from a group of reactive elements uch 
as yttrium, zirconium, hafnium, and ytter
bium. A cond bond<oat layer compris
e a MCrAJX matrix in which particl s of 
a particulate are disper ed throughout, 
and is applied to the fu t coat In the sec
ond, M is a material elected from nickel, 
cobalt, iron, and mixture thereof, and X 
i again selected from reactive elem nts. 

Integral Ring 
Carbon-Carbon Piston 
(U.s. Patent No. 5,884,550) 

Inventor: G. Burton Northam, 
Langley Research Center 

In many applications, including en
gine, aluminum alloy pi ton have 
replaced teel and cast-iron pi ton 
because they are lighter. But aluminum 
allo u ed in high- peed airplane engines 
and lightweight diesel engine frequently 
fail due to severe thermal load at elevat
ed operating temperatures above 600 oF. 
A] 0 conventional pi ton fabricated 
from teel or aluminum alloy have rela
tively high coefficients of thermal expan
ion, requiring a small clearance gap 

between the pi ton and the cylinder liner. 
Conventional pi ton emplo pi ton ring 
to seal the gap against "blow-by" of com
pres ion gases. The invention involve the 
use of carbon<arbon composite, a pre
dominantly carbon matrix material rein
forced with predominantly carbon 
fiber. Carbon<arbon compo ite are 
inherently ljghtweight, maintain their 
trength at temperature up to 1500 OF, 

and can b manufactured with low coef
ficients of thermal expan ion, low pe
cific heat, and tailorable thermal con
ductivity. Thu the invention ' integral 
ring pi ton - a reciprocating pi ton 
manufactured with a cantilevered seal in 
its crown and/ or kirt, fabricated from 
carbon<arbon compo ite material - I 

an improvement. 

For more information on the inventions described here, contact the appropriate /tSA Field 
Center's Commercial Technology Office. See page 10 for a list of office contacts. 
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a Neutron Beam 

T he Quasielastic Neutron Spectro
meter at Argonne ational Laboratory 
in Argonne, IL, i used to observe the 
way in which neutrons are scattered by 
atoms, so that materials research scien
tists can study the characteristic motion 
of materials on the atomic level. This 
give micro co pic-level information on 
the mechanics of diffusion, the motion 
of magnetic spins, and atomic vibra
tional and rotational motion. Such 
analysis helps scientists learn more 
about the inner working of material 
and provides data not possible with any 
other analytical method. 

One example is in the area of cata
lysts, which are in common use by the 
chemical industry. Cataly ts are u ed to 
speed up and selectively favor the pro
duction of particular chemicals such as 
gasoline and the organic feedstock for a 
wide variety of chemical processe , 
which are subsequently used to make 
material such a polymers. With the 
QE S spectrometer it is possible to 
probe the effect of the catalysts on para
meter such as the rate at which the 
reactants and products move around in 
the cataly ts. Such fundamental mea
surements aid in the design of more 
efficient materials. 

Another example is the rate at which 
molecules move through clays, which 
have lit-like cavitie that can adsorb 
water and , for in tance, organic conta
minants. Again , neutron cattering on 
QENS can be u ed to characterize the 
role of the clay surface and the effect 
of remediation proce se on the funda
mental motion of the contaminants, 
potentially leading to improved envi
ronmental remediation techniques. 

Many very unu ual designs are done 

IIa 

at Argonne. As Henry Belch, a design 
engineer there, put it, "What we build 
you would not normally see anywhere 
else in the world." Because the QENS 
instrument uses toroidal- haped crystal 
analyzer arrays to direct the path of 
neutron beams, "we get some very 
complicated shape ," according to 
Belch. The e shapes would be virtually 
impossible to design and draw without 
the aid of 3D modeling and analysis 
software. Although the design of the 
QE S i quite complex, Belch say they 
were able to build it in less than one 
year thanks to Mechanical Desktop® 
from Autodesk. 

From 2D to 3D 
Belch serves as the chief design engi

neer for the Intense Pulsed Neutron 
Source Divi ion at Argonne. He came 
to Argonne from General Dynamics, 
where he designed submarines using 
3D modeling techniques. "When I fir t 
came here four years ago, engineers 
were using 2D drawing and ketches," 
Belch said. "1 began using Mechanical 
De ktop after eeing it at a trade how. 
It had everything we needed." 

In addition to some very complex 
hape , the QE S instrument has orne 

very complicated guide tubes and 
beams. It requires internal hielding to 
protect personnel from neutrons. It has 
22 analyzer arms, each of which 
includes a cry tal analyzer array, a beryl
lium filter, and a detector bank. 

eutrons scatter off the ample, then 
trike the analyzer array , which are 

composed of highly oriented pyrolytic 
graphite . 'eutrons that meet the dif
fraction criteria of the graphite are 
redirected and focused toward the 

www.nasalech.com 

detector bank, thus "analyzing" them 
for particular wavelength. Another way 
of understanding the role of the analyz
ers i to consider them as mirrors that 
reflect the neutrons from the sample 
into the detector. These graphite mir
rors only reflect neutrons with specific 
peeds (diffraction), imilar to an opti

cal mirror that only reflects one color 
of light. 

As Belch explained it, "To create neu
tron , we direct a proton beam into a 
depleted uranium target. As the proton 
beam hits the target, large quantities of 
neutrons are given off, which are 
'cooled' or slowed down by making 
them go through a container of cold 
olid methane at about 20 K-minus 

253 degrees Centigrade." These neu
trons are then allowed to travel down to 
the material that is being tudied. They 
reflect off atoms in the sample and
because they have no charge-go 
through the electron hell and collide 
with the nuclei of the atoms. "Since 
neutron scatter in various directions 
based on the structure of the sample," 
Belch said, "we get unique information 
that can be used to better understand 
these material and their propertie ." 

Belch de igned the toroidal-shaped 
crystal arrays on QEN u ing 
Mechanical De ktop. "If you take an 
array and focus it onto a point, you get 
some very trangely shaped reflected 
neutron beam path. I used both the 
advanced urfacing and solids model
ing capabilitie of Mechanical De ktop 
to de ign the path and generate hield
ing, parts, and components." 

Belch reported that orne people aid 
the design was too aggres ive. They said 
the entire concept was too complicated 
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YOU SAY YOU NEED TO 
QUICKLY OBTAIN FORCE, TORQUE, 
INDUCTANCE OR SATURATION EFFECTS 
FOR YOUR 3D ELECTROMECHANICAL DEVICE 

? 
• 

Well, here you go. 

Ansoft Corporation provides easy-to-use software for electromechanical design problems requiring the representation of the electric 
or magnetic field behavior. The simple flow of the software along with extensive status monitoring and error checking features 
provide a structured analysis environment with a minimalleaming curn and a minimal chance of error. Plus, analyzing a magnetic 
component's performance before prototyping greatly enhances the chance of producing a timely, under-budget design. Ansoft's 
magnetic field simulation software for electromechanical applications. Software that can see what you can'l 

412.261.3200 
www.ansoft.com 

For More InfonNtIon Cird. No. 548 



and would be impo ible to fabricate. 
"I u ed Mechanical De ktop' interfer
ence anal i and \1 ualizalion capabili
lie to demon trate the concept. We 
could ee the re ults before we built 
the in trument, and we proved that it 
could work. ~ 

During the cour e of the project, 
Belch ay he used every feature avail
able in Mechanical De ktop. 

Inside the Software 
Mechanical De ktop oftware run on 

a Window 95/96/NT computer plat
form and combine everal important 
features: 
• Full drafting capabilitie of Au[O

CAD, with built-in upport for AN I, 
ISO, DI ,and JIS pec. It can pro
duce drawings such as aligned, ortho
graphic, i ometric, and vadou ec
tion view. 

• N RB modeling for creating and edit
ing urfaces, including wireframes. 

• sembly modeling that can create 
large as emblie containing hundred 
of parts, edit parts in top-down or bot
tom-up modes, and create mechani m
like as mblies. 

• Interference analysi for parts, ub
assemblie , or the entire assembly. 

• olid renderings in full color, including 
photoreali tic drawings. 

• Compatibility with industry data
exchange formats, uch as ICES, TL, 
AT, and BMP. 
"I used Mechanical D ktop to design the 

base instrument," Belch said. " ince 
then we've gone from three crys
tal arrays to 22 arrays." 

A Mechanical 
Desktop 
visualization 
of crystal 
analyzer 
arrays. 

2a 

Belch aid the oftware i easy [0 learn. 
"When we first tarted u ing ~1echanical 
De ktop, our engineers and draftsmen 
were u ing an old \·er ion of Auto 
with om one peciall ' de\'eloped 
menus. The weren'l doing an) 3D mod
eling at all. Fortunately, it didn't take 
long to learn Mechanical De \...[OP, and 
now everyone i working in 3D. We have 
everal licen e , including s)" tem on a 

network, and the oftware i being u ed 
full time." 

Fine Tuning the Design 
After proving the basic de ign con

cept, Belch began te ring and refining. 
"We u ed Mechanical De ktop' as embly 
modeling capabilitie to a sign material 
to various parts of the in trument and 
perform an analy i of the entire as em
bly. We used a wide variety of malel;als, 
including cadmium, aluminum, everal 
kinds of polymers, and pyrolitic graphite 
crystal. We al 0 did nonlinear tre 
analy i using ASTRAN, a high-end 
finite element analy i application from 

mode k MAl parmer M oftware." 
Changes were easy to handle. "If a 

change had to be made, the oftware 
updated everything automatically, 
including drawings and model," Belch 
aid. "Changes are extremely easy 

to make with Mechanical 
Desktop." 

TIle instrumem indud a larg tank and 
weighs pounds. "We did a \ ry detailed 
weight and cemer-Qf·gTlnlty anal is on the 
final vel ion of the in trument, and I \ 
\·ery pleased t ee that the center of grav
itv was right on and the aCLUal weight 
turned out to be within 40 pounds of the 
calculated weighL" For a 3 OO-lb. tem, 
that i an en·or of just one percent. 

"When the tank and in trument were 
in tailed, it went like clockwork" Belch 
said. "It could not have gone better." 

In all, Mechani al De ktop pro
duced aboUl 250 dra\\1n and helped 
Belch great! in taking the in trument 
from de ign concept to fini hed prod
uct. For hi effort, Belch won a 
Pace etter ward, a ignificant award 
given by Argonne in recognition of ex
ceptional achievem nl. 

For more infonnation, contact Henry 
Belch at Argonnf ational Laboratory, 
9700 S. Crus Ave., Argonne, JL 604394814; 
(630) 252-6061; fax: (630) 2-2-4163; e
mail: hbelch@anl.gov. The QENS instrn
ment was designed and is in use at the 
[nlen e Pulsed futron Source at Argonne. 
This facility is funded 11)' the U. . Department 
of Energy, BES-Materials cience, under 
contract W-31-109-Eng-38. 



® Custom 
G· 
5\\ Designed 
t toOEM 
w Specs Safe 

Standards 

For More Information CIrcle No. 480 

Tamura quality circles the electron world. 

TAMURA custom designs and 
manufactures transformers to OEM 
specifications for consumer, commercial, 
and industrial applications. Our UL family 
of custom transformers come in 24 case sizes 
and 350 configurations ... up to 300VA ... 
and all are recognized to severe UL 1411 
requirements (file E98949). Certification 
requirements to CSA, mc, VDE 
and MIT! are easily met. 

Features include a double 
protection system, 4OO0V 
dielectric strength, and physical ~_'P 
barriers between primary and secondary. 

TAMURA HAS IT ALL. 
For world-class manufacturing, reliability 
and responsibility, go to the source. 
Partner with TAMURA and you'll get it all. 

Send your requirements today 
or fax (909) 676-9482. 

MICROTRANe 
is a registered trademark of Tamura Corporation 

TAMURA CORPORATION OF AMERICA 
POSTAL BOX 892230 0 TEMECULA, CA 92589-2230 0 909/699-1270 0 FAX: 909/676-9482 

Visit our website at www.tamuracoro.com 



High-Power-Density DC-to-DC Power-Converter Modules 
Major features include multilayer hybrid packaging and 
a transformer-coupling feedforward/ feedback control scheme. 
John H. Glenn Research Center, Cleveland, Ohio 

Inductor(s) 
and 

Capacitor(s) 

5 

Dc-to-dc power-converter module 
that operate with input potential from 
60 to 140 V and generate variou output 
potentials up to 15 V are undergoing 
development. De igned specifically for 
u e aboard planned pacecraft wherein 
electric power will be supplied at bu 
potentials from 70 to 120 V, these power
converter module could also be useful 
in a variety of terrestrial applications. 
The fully developed ver ions of the e 
power-converter modules are expected 
to operate at power densities about 33 
percent greater than those of currently 
available commercial 2B-V-input power
converter modules. 

~----~----~~ .. ----~~~ } ThIck·Fllm Hybrid 
Package (Present 
State of the Art) 

Inductor(s) 
and 

Capacitor(s) 
Hybrid Package (Proposed) 

L-____ ~ __ ~ ____ ~ } 

Multilayer Thick·Fllm 

Figure 1. The Multilayer Thick-Film Hybrid approach makes it possible to use package volume more 
efficiently than does the state-of-the-art single-layer thick-film hybrid approach. 

The increase in power density will be 
achieved by use of multilayer thick-film 
hybrid packaging conceived expre Iy for 
this purpose. This can be explained by 
reference to Figure I , which depicts a typ
ical state-of-the-art power converter of sin
gle-layer thick-film hybrid design and a 
proposed electrically equivalent power 
converter of a two-layer thick-film hybrid 
design. In addition to large inductors and 
capacitors for storing energy, there is 
hybrid circuitry tl1at includes (I) low
power signal-level control devices con
nected by ball-type wire bonds and (2) 
high-power device connected by wedge
type wire bonds. The high-power devices 
must be mounted with low thermal resis
tances between themselves and a heat 
sink; therefore, the high-power devices 
must be mounted on a substrate in contact 
with the floor of the converter housing. 

The heat-sinking requirement for the 
low-power devices is Ie tringent, mak
ing it po ible to mount the e device on 
a substrate not in direct contact with the 
heat sink. Taking advantage of this possi
bility in the proposed two-layer de ign, 
the low-power devices would be placed 
on a separate ubstrate. The high-power 
layer would still be mounted in contact 
with the heat sink, but the low-power
device layer would be mounted above the 
high-power layer, so that the floor area 
occupied by the power-converter circuitry 
would be less than it is in the ingle-layer 
design. Thus, for a given power through
put, the package could be made smaller; 
in other words, the power density could 
be larger. 

Another notable feature of the devel
opmental power converters i a trans
former-coupled feedforward/ feedback 
control scheme (see Figure 2). Hereto-

Power Stage 
(Includes Main Power Transformer, 

-I-t-----i Electronic Switches, and Rectifier Circuitry) 1-___ -++_ 

Sign" 
Proportional to 
Input Voltage 

Signal Proportlonal
to Output Current 

Current-Umitlng 
Circuitry 

Voltage-Error 
Detection Circuitry 

Signal 
Proportional to 
Output Voltage 

Figure 2. This Transformer-Coupled Feedforward/Feedback control scheme offers advantages of greater 
. reliability and functionality, relative to power-converter control schemes based on optocouplers. 

4a www.nasatech.com 

fore, it has been common practice to 
implement power-converter control cir
cui try with optocouplers for electrical i 0-

lation between input and output ides. 
However, optocouplers lack the long
term reliability required for the intended 
pace craft application. In the develop

mental control cherne, pul e-width-mod
ulation (PWM) control of the power sup
plied to the primary winding of a main 
power tran former is effected on the 
input side, while sen ing of output cur
rent and voltage is effected on the output 
side (the econdary ide of the main 
power transformer). 

Power for the econdary-side control 
circuitry is provided from the primary 
side through a pulse transformer (distinct 
from the main power tran former) excit
ed at the switching frequency. An error 
ignal from the control circuitry on the 
econdary ide is fed back to the control 

circuitry on the primary side via another 
pulse transformer. This transformer-cou
pled feedforward/ feedback scheme 
makes it po ible to tum on the ec
ondary-side control circuitry before turn

ing on the main power, thereby making it 
po ible to exert control over the output 
during startup and during recovery from 
transient hort-circuit conditions. 

This work was done by Ming Chen oj 
VPT, Inc. , Jor Glenn Research Center. 
For Jurther inJormation regarding VPT and 
their standard product Line oj high-density 
dc/dc converters, you can contact them at 
(540) 552-5000 or visit their website at 
www.vpt-inc.com. 

Inquiries concerning rights Jor the commer
cial use oj this invention should be addressed 
to ~SA Glenn Research Center; Commerr:ial 
Technology Office, Attn: Steve Fedor; Mail 
Stop 4-8, 21000 Brookpark Road, Cleveland, 
Ohio 44135. 
ReJer to LEW-16883 . 
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Acousto-Optic Tunable Filter Spectrometers 
Spectroscopic instruments using AOTFs have several advantages 
over conventional grating-based instruments. 

ST& 
MEASUREM NT 

Anny R£search Laboratory, Adelphi, Maryland 

Spectrometers are used for applica
tions such as chemical analysis. remote 
sensing. environmental measuring. and 
optical measurements. Most spectrome
ters utilize prisms and gratings, where 
the dispersion of light depends upon 
the angle and rotation of the grating. 
But gratings and other moving parts are 
undesirable in spectrometers because 
they cause unwanted vibrations, they 
can go out of alignment, and they are 
difficult to maintain. In addition, the 
spectral range and resolution of tradi
tional spectrometers are limited. 

To combat these disadvantages, elec
tronically tunable optical filters with no 
moving parts were developed using 
novel acousto-optic (AO) technology. 
These acousto-optic tunable filters 
(AOTF) are being utilized in the design 
of new spectroscopic instruments as 
replacements for conventional grating
technology-based optical instruments. 

Acousto-optics involves the interac
tion of sound and light in dielectric 
material. When sound propagates 
through a solid or liquid, compressions 
are created in the material that cause 
variable refraction of the passing light, 
pulling color features from it. Acousto
optic tunable filters are solid-state elec
tronically tunable optical ruters that 
select precise wavelengths by applying 
the appropriate RF frequency. Filters 
can be u ed to pass light with either a 
single wavelength or multiple wave
lengths, depending on the RF signal 
applied. A high-frequency electrical 
signal is converted into an ultrasonic 
wave by a piezoelectric oscillator 
(transducer) bonded to an AO medi
um. Sound waves travel through the 
medium and diffract light. Compared 
to traditional filters, AOTFs offer fast 
and agile tunability, and narrow pec
tral bandwidth selection. 

tilizing AOTI technology, scientists 
at the Anny Research Laboratory (ARL) 
developed acousto-optic-based portable 
spectrometers for remote ensing of 
chemical and biological agents. The 
spectrometers do not have moving parts, 
are vibration-insensitive with high-fre
quency election sensitivity, and will 
allow the user to select a range of colors 
in the visible and near-IR spectral 
regions. The spectrometers have resolu
tion high enough to perform real-time 
analytical chemical measurements in the 
field or on a moving platform. 

Electronics Tech Briefs, December 1999 

ARL's spectrometers are compact 
and robust, making them useful for 
work in the field, as well as in the lab
oratory. The inventors also developed 
a spectroscopic acce sory that allow 
for more efficient collection of light, 
when only a fraction of light can be 
collected with traditional systems. 
ARL's spectrometers can be used to 

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

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

carry out both fluorescence and 
Raman spectro opic measurement 
with only minor adjustments to the sys
tem, which was previously impossible 
u ing only a ingle system. Whereas 
highly trained specialists are needed to 
run experiments with traditional spec
trometers, ARL's devices can be oper
ated by nonspecialists. 

HERE'S THE CLINCHER 

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

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

Clinch it with PE . ~ 
FASTENERS & PRESSES 7 ~~~ 

183R 
01998 PENN ENGINEERING & MANUFACTURING CORP. ' P.O. Box 1000 ' Danboro. PA 18916-1000 W 
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The AOTF-ba ed pectrometer at 
ARL can be u ed for pace borne envi
ronmental monitoring, detection of for
e t fire , underwater monitoring of 
gase , water quality monitoring, moni
toring of contaminants in the ground, 
the detection of cancer, drug interdic
tion, and airport ecurity. The may al 0 

be u ed to perform real-time proce 
control and quality assurance in phar
maceutical manufacturing. paper manu
facturing, food proce ing, and optic 
and emiconductor manufacturing. 

This U)(JI* was done at the Army Research 
Laboratory. For 1/Wre infonrw.tion, please 
contact Ms. onna Cammamta, ARL's 

Array Detector for Charge-Detection 
Mass Spectrometer 

Technology Transfer Ojjicer, at 2800 Powder 
Mill Rd., AM 'RL-CS-IT, Adelphi, MD 
207 '3-1197; (301) 394-29-2; fax: (301) 
394-5818; e-maiL·normac@ari.miL 

tb 
SENSORS 

Multiple smaller electrodes perform better than does a single larger electrode. 

NASA s Jet Propulsion Laboratory, Pasadena, California 

The pixelated array detector (PAD) i 
a planar array of complementary metal 
oxide/semiconductor (CMOS) charge
collecting electrode and readout circuit
ry for measuring the electric charges on 
particles in a charge-detection mas pec
trometer (CDM ). In compari on with a 
ingle-Faraday-cup detector occupying 

the same total area, the PAD offers advan
tages, as explained below. 

The CDMS approach offers a faster, 
cheaper alternative to pUl ed gel elec
trophoresis and other techniques for 
measuring the masses of a variety of large 

6a 

SA/NYo 
Let's keep it simple. 

Instead of thinking 

about which battery 

to spec - just 
think SANYO. 

5ANYO has the right 

battery to meet the 

cost! performance 

criteria for your 

application. 

So let 5ANYO do 

it - and you can 

get back to your 

core business. 

molecule (masse > 106 dalton) and 
imilarly sized particle . Example of par

ticle amenable to CDMS anal i include 
polymer molecules, bacteria, viru e , and 
airborne contaminant particle. Whereas 
a typical analy i by pulsed gel e1ec
trophore i take days, a typical anal is 
by CDMS take minute. 

In a CDMS, a particle to be analyzed is 
first subjected to electrospray ionization, 
causing it to bear an electric charge as 
high as hundreds of thousands of funda
mental (electron) units. The particle i 
then accelerated electrostatically into a 

..... .... .... ...... 

Faraday tube connected to circuitry for 
measuring the time of fljght of the parti
cle along the tube. Upon leaving the 
Faraday tube, the particle impinges on a 
charge-collecting electrode or else enters 
a Faraday cup, the electrode or cup being 
connected to a charge-sen itive amplifier. 
The time of flight through the Faraday 
tube is related in a known way to the 
charge-to-m ratio of the particle. Thu , 
the mas of the particle can be calculated 
from the Faraday-tube time-of-flight mea-
urement and the measurement of col

lected charge. 

. 

,I .......... v 
),. . . 
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area, the capacitance 
and electronk noise are 
reduced accordingly. 

A proposed CDMS 
containing a PAD would 
include an optional elec
trostatic deflectOl~ which, 
when triggered by the pas
sage of an ion through the 
tubel, would pre.-ent addi
tional ions from reaching 
the PAD until the PAD 
had been read out and 
reset. The ion-passage
induced trigger signal 
would also be used to gale 

One Pixel Circuit and part of the circuit common to all pixels in a 
column is depicted in this abbreviated schematic diagram. the readout of the pad 

The collection area and thus the frac-
tion of ions collected increases with the 
size of the charge-collecting electrode, 
but the capacitance and associated elec
tronic noise also increase with size. This 
leads to the basic idea of the PAD, which 
is to use a sufficiently large total charge
collection area to obtain the desired 
charge-collection efficiency while appor
tioning the area among multiple small 
electrodes or Faraday cups for measure
ment of the charge deposited into them. 
Because each electrode occupies a small 
fraction of the LOtal charge-coUection 

Li-ion 

to reduce the noise asso-
ciated with collection of dark current. 
The time needed to clock the flight of a 
single ion and measure its charge should 
be no longer than a few milliseconds; 
thus, j[ should be possible to measure a 
hundred or more ion masses per second 
and to accumulate a complete mass spec
trum with data on thousands of ions in 
less than 30 seconds. 

A prototype PAD contains a 28-by-28 
array of pixels with a 40-by-40-ttm pitch. 
The charge-collection electrode of each 
pixel is a 36-by-36-ttm metal patch on its 
surface. Each pixel (see figure) contains 

Ni-MH Ni-Cd 

a source-follower input transistor, a row
selection transistor, and a row-reset tran

sistor. At the bottom of each column of 
pixels there is (a) a load transistor, (b) 
an output branch containing a sampling 
switch (SHS) and sample-and-hold 
capacitor (CS) for storing signal levels, 
and (c) a similar output branch with a 
switch (SHR) and sample-and-hold 
capacitor (CR) for storing reset signals. 
There are al 0 ource followers with a 
column-selection switches (COL) at 
both ends of each column. The reset 
and ignal level are read out differen
tially, uppre sing fixed pattern noise. If 
ignal levels are read out twice - once 

before and once after integrating charge 
- then kTCnoise (where k is Boltzmann's 
constant, T is absolute temperature, and 
C i capacitance) is also suppressed . In 
tests, the prototype PAD exhjbited a 
noise floor of 90 electrons root mean 
squal·e at room temperature. 

This work was done by Stephen D. 
Fuerslenau and George A. Soli of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, access the Technical 
Support Package (TSP) free on-line at 
www. nasatech.com under the Electronic 
Components category. 
NP0-20128 

lithium 
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LITERATURE 

ADVERTISEMENT 

OMNETICS 
CONNECTOR 
CORP. 
Omnetics designs and 
manufaClures a full 
line of micro- and 
nana-miniature COI1-

neClors. Standard and 
cuSlOm ingle, two-row, 
and circular configura
lions avai lable on 

0.025" and 0.050" centerlines. These mil-spec con
neClOr are suitable for applkations in military, 
aerospace, medical, instrumentation , and test. 
Capabilities include prototyping through high-vol
ume production. Olnnetics Connector Corp., 
7260 Commerce Circle East, Minneapolis, MN 
55432-3103; Tel: 612-572-0656; Fax: 612-572-3925. 

Omnetics Connector Corp. 
For More Information Ci rcle No. 490 

SURFACE 
MOUNT 

ADHESIVES 
Designed To Your Specifications 

• One part system 
• Exceptionally fast cure speeds 

at low temperatures 
• Highly controllable thixotropy 
• Long storage stability without 

refrigeration 
• Convenient packaging 
• Superior bond 

strength 
• Void-free cures 
• Repairability 

For More Information Circle No . 464 

Improved Thermoelectric Converter Units 
and Power Generators 

COMPONENTS 

Rugged, compact TCUs could be used to 
provide power or cooling in numerous applications. 

John H. Glenn Research Center, Cleveland, Ohio 

Improved thermoelectric converter 
units (TCUs) and radioi otope thermo
electric generatOl (RTGs) that contain 
them have been undergoing develop
ment for use as mall, lightweight sources 
of electricity at potential up to 5 V and 
power at levels up to 40 mW. The e RTGs 
are intended primarily for supplying 
power to operate electronic equipment 
in outer space or at remote or uninhabit
able location on Earth; terre ilial appli
cations could include monitoring of 
nuclear-waste-storage faci lities, meteoro
logical monitoring at polar locations, 
deep sea exploration, and monitoring of 
geological activity in ide volcanic craters 
and at underground locations. 

In general, a thermoelectric generator 
includes a TCU plus a source of heat. In 
the case of an RTG, the source of heat is 
a radioisotope heater unit (RHU). The 
present RTG design is derived partly from 
the design of 75-mW radioisotope power 
systems that were built for the United 
States govemment in the late 1970s and 
early 1980s. The present design also 
incorporates some of tlle concepts report
ed in "Miniature Radioisotope Power 
Source" ( PO-19339), NASA Tech Briefs, 
Vol. 19, No.9 (September 1995), page 60. 
The RHU in the pre ent design gener
ates thermal power of 1 Wand is of a 
type that has been proven in use aboard 
spacecraft to warm instruments that are 
sensitive to cold. 

Alternatively, the improved TCUs 
could be energized by nonradioactive 
heat ources, including sources of waste 
heat (e .g., hou ehold appliances, 
power tools, camping equipment), 
small burners (similar to cigarette 
lighters) that burn hydrocarbon fuels , 

Electronic 
Clrcurts 

Battery 
Space 

Base 

RHU Capsule 

Figure 1. A TeU Is a Rectangular Parallelepiped 
Module containing p- and n-doped pieces of 
bismuth telluride in a square array. The co ld 
side is shown here. The overall d imensions of 
the module are 0.291 by 0.29 1 by 0 .9 in. (7.4 by 
7.4 by 22.9 mm). 

or any of a variety of other sources that 
are inexpen ive and readily available. 
Power supplies based on this concept 
could be u ed to charge batteries or to 
operate low-power electronic equip
ment under emergency or outdoor 
conditions, for example. These power 
supplies offer an important add itional 
advantage in that they could function 
over wide temperature ranges, includ
ing temperatures both above and below 
the operational temperature ranges of 
chemical batteries. The improved 
TCUs could also be used as heat pumps 
or coolers, especially in electronic 
equipment; in comparison with con
ventional thermoelectric cooler, these 
TCUs would be more durable and 
could be made smaller. 

BellVIlle 
Spring 

Retaining 
Ring 

Thermopile JI.",;;~~~~~~~~iii;;_l=~ 
Tie-Wire 

Tension Nut 
(One of Four) 

Bellville 
Spring 

TIe Wire (One of Four) MultIlayer Foil 
Insulabon 

Figure 2. A 4O-mW RTG would contain a Teu like that shown in Figure 1, plus an RHU of a type that 
has been used in spacecraft. 
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A TC is a thermopile made from 
state-of-the-art thermoelectric materials 
- in this case, p- and n-doped, vacuum
hot-pre ed bismuth telluride. The pre
sent developmental TCU is fabricated as 
a module (see Figure I) that contains an 
18-by-18 square array of alternating p
and n-doped pieces of bismuth telluride 
separated by pieces of polyimide film. 
Each element of the array is a square 
0.015 in. (0.38 mm) wide. The overall 
dimensions of the module are 0.291 by 
0.291 by 0.9 in. (7.4 by 7.4 by 22.9 mm). 
The elements of the array are electrically 
connected in series by gold contact strips 
on the hot and cold sides. The de ign hot 
and cold junction temperatures are 250 
and 25 · C, respectively. 

Fabrication of the module involves a 
process of stacking, cutting, and restack
ing pieces of the p- and n-doped thermo
electric material and polyirnide films, fol
lowed by placing the final stack in align
ment tooling and vacuum hot pressing 
the final stack to bond the pieces togeth
er. Accurate alignment and proper bond
ing of the array elements in the stack are 
prerequisite for the next step, in which 
the gold contact strips are applied by a 
photo-masking/ deposition process used 
commonly in the electronics industry. 

Figure 2 is a simplified cross section of 
a proposed RTG that would incorporate 
the developmental TCU. The RHU cap
sule would be contained in an aluminum 
capsule holder, which would be mount
ed in contact with the TCU and pre sed 
against the TCU by tension in four 
spring-loaded titanium tie wire . The 
RHU capsule would be spring-loaded to 
keep it stationary within the holder in 
the pre ence of shock and vibration and 
to minimize thermal resistance between 
the RHU and the TCU. A thermally con
ductive electric insulator (made of 
boron nitride) would be placed between 
the cap ule holder and the hot side of 
the TCU to prevent electrical hon-<:ir
cuiting of the TCU. Thermal insulation 
for the hot parts of the RTG would com
pri e multiple layers of aluminized poly
imide moo interspersed with layers of 
ceramic paper. The interior of the RTG 
could be either evacuated or else filled 
with xenon. 

This work was done by John C. Bass oj Hi
Z Technolog)~ Inc., and Alex Borshchevsky oj 

'ASAs Jet Propulsion Laboratory Jor Glenn 
Research Center. 

Inquiries concerning rights Jor the commer
cial use oj this invention shtJuid be addressed 
to 'ASA Glom Research Center; Commercial 
Technology OJfice, AUn: Steve Fedm; Mail 
Stop 4-8, 21000 Brookpark Rood, Cleveland, 
Ohio 44135. 
ReJer 10 LEW-16556. 
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Quick Power 
Adjustments 

Tune is finally on YOUR side! 
With the new RIFOCS DWDM turnkey 
test system, Available Right Now, - You 
can analyze multiplexers, demultiplexers, 
and other wavelength and polarization
dependent components quickly and efficiently! 

are now 
this easy. 

Get the DWDM results 
YOU need - NOW! 

fibetWORKS" software, dramatically reduces measurement time to "-
I R I The RIFOCS Rainbow DWDM Test System, driven by RIFOCS' ISO 9001 

qualify all parameters of DWDM devices, and minimizes user-error. tr' . =c;,: See us at COTSCON West '99; San Diego, CA December 1-2, Booth #206 = 
R1FOCS Corp. INT + 1-805·389·9800 • Fax. INT + 1·805·389·9808 • sales@rifocs.com • www.rifocs.com 

Shop online Now @rifocs.com 
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DIN STANDARD 
Extruded Aluminum Enclosures 

VIall us at WESCON 
• Depths 6" or 8" - any depth, 10 or more Booth 1331 

• Clear anodize and black wrinkle-finish powder coat standard 
• lock-in panel-mounts, stands and dividers 
-Integral extruded card slots on .200 centers 
- Parts made to print and component assembly available 

555 Marion Road • ~ 
Buckeye ShapeForm 

SNlpeFomr Columbus, OH 43207 
www.buckeyeshapeform.com 
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PRODUCTS 

PRODUCT OF THE MONTH 
Microcircuit Board Plotter 
LPKF Laser and Electronics, Beaverton, OR, has 
released the ProtoMat® C60 printed circuit board pro
LOtyping system. The company says lhe C60 allows the 
production of high-precision microline prototype 
PCB in the electronic workshop wilhout chemical 
etching. The PrOloMat C60 feature a variable high
peed milling/ drilling spindle with peeds between 

5,000-60,000 rpm. LPKF says lhe cast con trUction of 
its baseplate guarantees high repeat accuracy (high 
re istance against torsion) . According to LPKF, line 
pitch circuits of only 100 ].1m isolation widlh can be 
produced using micro milling tools, and lhe smallest 
po ible diameter for drilling is S mil. 

Production 
Safety Analyzer 
QuadTech. Marl
borough. MA, has 
added lhe Guardian 
6100 production safe

ty analyzer to its line of electrical safety test instrU
ments. Designed for fast and easy production test
ing of medical electronic products, according to 
lhe company, it is lhe first safety analyzer able to 
perform five essential electrical safety tests in one 
unit. The instrument can perform AC hipot tests 
from 50-5,000 V, DC hipot tests from 50-6,000 V, 
insulation resistance measurements over the range 
of 100 kO to 50 GO, ground bond testing to 30 A, 
and line/ earth leakage measurements from 0.1 I!A 
to 9.999 mAo 

For More Information Circle No. 753 

Low-Voltage 
Power 
MOSFETs 
The new OMIN
FET II family of 
fullyauLOprotected 
low-voltage power 

MOSFETs from STMicroelectronics, Lexington , MA, 
achieves lower conduction losses through reduced on
resistance, small structural volume, and a high level of 
ruggedness and avalanche energy handling capability, 
according to lhe company. The VlPower M0-3 tech
nology allows a rugged power MOSFET to be com
bined wilh on<hip analog and digital circuitry. The 
new family has integrated user-transparem clamping 
and protection circuits, including linear curremlimit
ing, and overvoltage clamp circuitry. 

For More Information Circle No. 756 

Open-Loop 
Current Sensor 
F. W. Bell , Orlando . 
FL, a division of Bell Tech
nologies. a Sypris 01-
utions company, intro
duces lhe RS/ RSS series 

open-loop curr"m sensor family. Bell sal'S lhat lhe 
RS/ RSS series accurately measures AC and DC cur
rents and provides electrical i olation between lhe 
circuit being measured and lhe output of lhe sen
sor. One package provide nominal currem ranging 
from 100 LO 1000 A and can be panel- or bulkhead
moullled. The eries consists of 14 model support
ing currem-sensing applications ranging from 100 
to 1000 A AC/ DC with a frequency range from DC 
to 25 kHz. 

For More Information Circle No. 759 
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Nanotopology 
Analysis System 
The anoMapper metrol
ogy LOol from ADE Phase 
Shift, Tucson, AZ, is a high
precision device for 
wafer, semiconductor 
equipment, and semicon
ductor device process de

velopment facilities. Based on lhe Semiconductor 
Industry Association National Technology Roadmap 
for Semiconductors, which defines rules to enable 
cooperative development of technologies required LO 
maintain Moore's Law, NanoMapper responds wilh 
design rules down to 0.1 micron. anoMapper pro
vides whole-wafer topology data for 200-mm and 300-

mm wafers. 
For More Information Circle No. 754 

Ultrathin Ferrite 
RFI Suppressors 
Ferri hield Inc., ew 
York, NY, offers a 
low-profile ferrite 
product group that 
includes very lhin 

tyles, minimizing space and weight requirements 
in electronic equipment. Six sizes accommodate 
flat cables up to 40<0nducLOrs and widlhs up to 
2.00 in. (50.S mm) wilh impedances between 109 
and 245 O(at 100 MHz) for suppression of interfer
ence up to 1 GHz while allowing data signals to pas 
unimpeded. A serie wilh hock-mount adhesive 
foam bases are suitable for thin flex circuits and 
SCSI 2 flat cables on 0.02S-in . (0.64-mm) centers. 
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8-cttannel Isolated 
Digital Couplers 

Now IN SuRFACE MOUNT 
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Digital Couplers 
for Surface 
Mount 
The 8<:hannel isolated 
digital couplers, lhe 
IS0508 (unidirection

al) and lS051S (bid). 

=tionaI) , from Burr
Brown Corp., Tua;on, AZ, are nC\l>iyavailable in surface
mount packages. These couplers are based on lhe 
company' capacitive barrier technology, which Burr
Brown says has several advantages over optical cou
pling: lower power consumption (in a l6-channel 
bus, up to 70 percent) , reduction in PCB area (up to 
SO percent) , and lower overall system cost. They have 
1500-V rms isolation and input and output buffers, 
allowing multiple access to a data bus. 

For More Information Circle No. 760 

www.nasalech.com 

ACIDC Input 
Power Supply 
Ericsson Components, 
Energy tems, Rich
ardson, TX, offers lhe 
PLX 5516, a 50-W 
AC/ DC universal input 

power upply designed as a low<o t front end to dis
tributed power applications in communications, net
working, computer, and telecom equipment. 
Available wilh eilher 24-V or 4S-V output, it uses pro
prietary enhanced f1yback LOpology lhat Ericsson says 
contributes to lhe exceptional mean time between 
failures of more lhan 300 years. The open frame 
design has a footprint of 55 x 133 mm, achieving 
power density for free convection c901ing of3.6 W per 
cubic inch. 

For More Information Circle No. 752 

SMD Test Clip Family 
Pomona Electronics, 
Pomona, CA, designed its 
new Micro SMD Grabber® 
test clip family for use in 
R&D labs for prototype 

design and debugging of fine-pitch IC packages. 
Three styles are offered, including short- and long-tip 
styles for O.S-mm to O.S-mm lead pitches and one for 
lead pitches as mall as 0.3 mm. Pomona says lhe gral>
bers can be used wilh virtually any fine-pitch IC, 
including QFP, PQFP, SSOP, and TSOP and TSSOP 
packages. The company says that lhe Micro SMD 
Grabber's lhin body design allows for side-b~ide 

stacking for adjacent lead probing. All styles can be 
used at frequencies up to 100 MHz and are supplied 
wilh flying leads for logic-analyzer attachment. 

For More Information Circle No. 755 

Flip-Chip 
Bonding System 
AnoTech Corp., Haup

pauge, NY, says lhat its 
FCB-5500 flip-chip 
bonding system pro
vides reel-to-reelload
ing of flexible suI>

strates and pulse-heated lhermal compression bond
ing for Au-Au, Au-Sn, and eutectic imerconnections. 
The company says lhe FCB-5500 achieves 12-micron 
placement accuracy at 3 sigma levels, and its substrate 
handling system aULOmatically indexes flexible suI>
strates up to 150 mm in widlh. Real-time force feed
back provides programmable control from 30 grams 
up to 10 kilograms. 

For MaN Information Clrcle No. 7S8 

Temperature
Compensated 
Crystal Oscillator 
Fox Electronics, FL Myers, 
FL, introduces lhe 312BE 
temperature<ompensat

ed crystal oscillator (TCXO), designed for portable, 
telecom, data, and te t equipment applications. 
Measuring 7 x 5 x 2 mm, it has a ceramic base and a 
metal cover, making it suitable for surface-mount 
applications. Frequency range is 12,600-19,SOO MHz. 
Frequency tolerance at 25 ' C is -0.5 to +0.5 ppm, and 
frequency stability is -2.5 to +2.5 ppm over lhe op"r
ating temperature range, which is -20 ' C to +75 ·C. 
Output waveform is a clipped sine wave wilh a mini
mum peak-to-peak level ofO.S V, and input current is 
2.0mAmax. 

For More Information Circle No. 761 
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aunch Control Systems Upgraded 
With Real-Time Graphics Software 

SL-G IS graphics toolkit 
L Corporation 

Corte ladera, CA 
415-927-1724 
www .. J.com 

Some of the techn()lo~ installed in :\AS.-\\ ,,"en ned, pace 
Cemer's (KSC) Launch Control (elller (Lee) in Florida elates 
back to the eady da\" of the C.S. space program As a result, 
'\lA A has begun an eflorl to mOdenl lle C1i ti cal launch cOlluol 
S\'~tem, with an eve toward satetl, case of use, upgradabilitl, and 
cost-effectiveness. 

The LCe. located three miles from the pace hutrle launch 
pads, contaim three firing rooms. each organi7ed into cllLsters of 
compu ters. From these console. :-JASA engineers issue the com
mands that prepare the huttles f(Jr launch. 

Traditionally. engineer, in the LeC ha\'e relied on custom 
software written in Ground Operations Aerospace Language 
(GOAL), which runs on custom Modcomp-based consoles. In 
this system, graphic images bear lillIe resemblance to the actu
al system being monitored. Launch cngineCl, must wade 
through mam ~creens of textual inf()fmation in order [Q mOIl
itor critical data. 

In 1996. NASAet out [() improye the qualitl of the infonna
tion being displayed to the launch teams. The initial focus W<l.'> a 
production e,-aluation to identify the best tools to fulfill the 
requirement for more sophisticated. real-time graphic displays. 

Factors in the selection proce~ included co t and maintenance. 
L-G~f was ,eleered a~ the ~raphics toolkit for building the new 

fi·ont-end. real-time graphics display .. The softll'3.re nms on a 
I-ariel)' of computer platforms and operating systcm~, including 
RI C, Alpha, Lr~ 'IX, and Windows '\1. 

Developing Displays 
The graphiCS w tem, are housed in an operator console 

with a standard keyboard and mouse. The new computers 
are PJimaril~ U0.IX workstations connected by a hIgh-capac
ity Ethernet to data di,tribution computer.,. Monitor-only 

data i~ prm'ided to office I\orbtatiom located throughout 
KSC, othcr "\..,.\ (l'nters, 3ndupporting faciltues acros~ 
the coullln. 

The ne\\ graphics displa,,, pro,ide launch en~neer<' with a 
reali,tic vic\\' 01 w,tcm statlls. Custom graphic displays are 
built u~lI1g a menu-driH:'n graphical editor. which allows 
dnamic propenies to be as~(}ciated I,'ith graphical o~ject . 
The graphical altlibute then can be as. uciated with the COl"
rect dri ling data point. The completed model is then q\ed 
to disk and checked into a rel islOIl control system .. \ runtime 
application loa(b the Ileces~<\r' graphic:> and links them to 
real-time data . .'\ ew displal~ have been built to monitor 

and control systems such as tanking, vehicle health, and pay
load readiness. "lot only does the new Sl'stem alen operators 
of alarm conditions. but it abo shows them the location of 
the problem. 

The system upg1'3.de includes functions such as data acquisi
tion, I'alidation, tran. mission, conyer ion, and distribution. [n 
addition to monitoring. command functionality has been 
de,e\opecl. which facilitate . the conu'ol of hardware compo
nen\;) such as pumps and yalves. The graphical user interface 
built with L-G:.t prod des active graphic representations of 
launch s)'stem components. 

from Simulation to launch 
Testing and training missions benefit from using the same 

graphics as the actual launch control slstem. imulated 
launche can be conducted using historical or simulated 
launch dat.a. Hvpolhetical scenario can be created to train 
launch center personnel and test the eflecli\'ene's of new 
graphical components. 

Launch acti\ities produce a flood of data. \'\lth tile new sy~ 
tem, all data i time-stamped at a data collection gate\\<l), and is 
broadcast to a data di,tIibuuon processor. Data then can be dis
tributed to the LeC engineeIing groups, and can be accessed 
from related center~, sllch a~ \Iission Control in Houston. 

The modemization progJ<lm i. expected to boost the pro
ducthity of the _ 'AS.-\ engineer, invol\'ed in the launch 
process. The program abo \\;11 imprO\'e the technologie' 
in\,oh'ed in check-out and launching operations so that the 
shuttles can safely continue well into the 21st century. 

For More Information Ci rcle No, 742 
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~., Commercialization Opportunities 

Imaging System With TDI and a 
Two-AXis-Scanning Mirror 

In this tele copic imaging system, the 
use of a canning mirror makes it un
necessary to rotate a relatively massive 
telescope. Two ver ions of the system 
were developed based on the same opto
mechanical de ign principle. Each ver
sion offers unique advantages. 
(See page 30.) 

NSUTCQ: an Alternative 
Image~Compression Algorithm 

This algorithm could be especially 
useful for remote viewing of med
ical images. In telemedicine , a diag
nostician could quickly view image 
and then request reconstruction of 
a more detailed view of a region of 
interest. 
(See page 36.) 

Circuit Detects Pyrolysis 
of Polyimide Insulation 
on Wires 

An electronic circuit has been de
signed as a prototype of a device that 
determines whether critical electrical 
systems have been compromised. Cir
cuits like this one could be beneficial 
in spacecraft, military and commer
cial aircraft, and in the nuclear power 
industry. 
(See page 40.) 

Optically Transparent Patch 
Antennas 

These antennas can be mounted on 
window of buildings and vehicles, on 
computer monitors, on solar photo
voltaic panel , and on other convenient 
supports, without the use of separate an
tenna- upporting tructures. 
(See page 40.) 

Sputter Deposition of Catalysts 
for Fuel-Cell Electrodes 

Sputtering is cheaper and more 
amenable to mass production. Earlier 
methods of deposition, using ink and 
decals, were more wasteful of expensive 
catalytic electrode metal . 
(See page 46.) 

Organic/ Inorganic Coats for 
Packaging of Microelectronics 

Compo ite organic/ inorganic coat
ings protect flip-cbip assemblies at a 
fraction of the co t of conventional her-
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merlc packaging. These thin conformal 
coats are alternative to heavier, bulkier 
hermetic packages. 
(See page 46.) 

Boundary-Layer Rake of Pitot 
Tubes for Flight Testing 

Re ults of tests show that thi rake 
exh ibits good aerodynamic perfor-

mance and that it is operationally 
rugged, thanks to a curved rake body 
- a feature that makes it possible to 
cluster the pitot tube in the near-wall 
I·eglon more densely than in conven
tional rakes. 
(See page 48.) 

You \Ie got boards ... 
We've got slots. 

IImmrJ 800.995.7561 
T www.dolchpac.com 

FlexPAC· is the most space 
efficient multi-slot portable 
ever. It packs a 
big 14" XGA Color LCD, 
a desktop Pentium!»· PIT!», 
or pm· CPU, four ISAlPCI 
slots, PCMClA, CD-ROM, 
LS120, up to 18 GB , and 
superior cooling into a 
rugged enclosure weighing 
less than 20 pounds. 

Multi-Slot 
FlexPAC offers any 
combination of four 
ISAlPCI slots - other 
models offer one to ten. 

Rugged Construction 
FlexPAC's rugged gla s 
filled polycarbonate outer 
sbell, protects an aircraft 
aluminum inner shell . 

Global Support 
6 - Int ' l Sub idlaries 
58 - OEM Partner 
87 - Distribution Partner 

THE RUGGED EDGE 

DOLCH COMPUTER SYSTEMS, INC •• 3178 LAURELVIEW COURT • FREMONT, C ... 94538 

For More Information Circle No. 409 ]9 



Algor for Finite Element Analysis 
Steven S . Ross 

Welcome to Algor 12, the third tage 
in the development of finite element 
analysis. Young engineers might not re
alize it, but the whole concept of finite 
element analysis - where surfaces and 
solids are divided into small pieces, 
and stresses are analyzed at the edges 
where pieces meet - is quite new. It 
was invented in the 1950s and not 

This shot of a building frame shows. in the 
box. the simulation program generated by the 
software. 

widely used until the 1970 . Even then, 
it was not to be depended upon for Sll

per-accurate resul ts. 
First-generation packages offered a 

brute-force way of analyzing stres on 
moderately complex components. Sec
ond-generation packages made FEA in
terfaces easy enough to use that most 
engineers could do FEA, even if they 
didn 't know enough to avoid serious 
pitfalls. 

All through 1999, Algor has been 
adding pieces to what amounts to a 
third generation: a package that helps 
keep designers from making serious er
rors, most of the time. You still have to 
know a lot, to keep from blundering. 
But the improvements add up to real 
progress. Algor's Relea e 12 features: 
• Superdraw Ill, an improved drafting 

and data-entry package. We found it a 
delight to use for defining small assem
blies, even assemblie with complex 
parts. Think of it as CAD with a brain . 

• ew element types including hydro
dynamic and kinematic elements for 
modeling fluids and solids in relative 
motion to larger as emblies. 

• A new database that holds variables in 
whatever units and numerical for
mats you wish. 

• A new Material Library Manager that 
allows easy editing and storage of ma
terials properties. 

20 

• General von Mi e and 3-D vi coelas
tic material model for nonlinear 
analysis (usually, of material tre sed 
beyond their yield point). These 
techniques take FEA to new levels, 
and Algor makes them fairly ea y to 
implement. 

• Better tool for generating surface 
and solid "meshes" that break com
ponents into "finite elements" for 
analy i in the first place. There' 
even a "no pyramids" option that pro
vides meshes in transition areas be
tween parts or different cro s sections 
without resorting to irregular trian
gular mesh shapes - ideal for easier 
export to third-party packages. 

• Due soon is a link between Algor and 
most solid modeler CAD software 
that supports Micro oft's COM 
(OLE). FEA will how up as a menu 
choice inside the modeler, allowing 
you to create meshes without convert
ing the CAD files to a standard inter
mediate format such as IGES first. 
The mesh can then be saved as an Al
gor geometry file. 
How does it all fit together? Remark

ably well, although you do have to pay 
attention. Algor 's system th rows off 
many different file types; it takes awhile 
to get comfortable with what each new 
item is, in your project directories. For 
this review, I had a ready-made prob
lem left over from a story I had done 
five years ago on the lack of testing of 
subway-car wheels by the New York City 
subway system. The S-profile wheels 
were 700 pounds each, or about 100 
pounds lighter than the standard 
straight-profile wheel. 

Using FEA, mechanical and thermal 
stres es on such a wheel are calculated 
fairly easily. But because the thermal 
gradients (and thus the stresses they 
can cause) propagate far more slowly 
through the teel wheel than do the 
mechanical strains and stress, FEA 
packages of the day could not simulate 
what would happen to the wheels in ac
tual use. 

I started with a DXF file of the 
wheel's profile, imported it into Auto
CAD 2000 and swept it around 360 de
grees in 3D space to generate a model 
of the entire wheel. I then brought the 
model into Algor and processed it 
twice - once for mechanical stress and 

www.nasatech.com 

once for thermal. I al 0 brought the 
profile into Superdraw III and gener
ated the solid that way, with about the 
arne re ult. 

Algor's material library had the data 
I needed on the teel. I had to modify 
it slightly for my specs. Algor has FEA 
proces ors for both mechanical and 
thermal analysis. And Algor's new data 
entry creens reduced the risk of enter
ing entirely illy values for the analysis. 

In general, everything happens faster, 
too. For many problems, for instance, 
you will want to model one new part in a 
larger assembly. The pieces other than 

Th is shot depicts analysis of a trumpet. 

the one you are modeling can be set up 
with the new "kinematic" elements. 
Stresses within those parts won 't be mod
eled - Algor will calculate only the 
forces that it generates on the part you 
are modeling. The process is intuitive as 
you set up the model in Superdraw. 

All of this costs anywhere from a bit 
under 2,000 to 20,000 or more, de
pending on your needs. Typically, you 
might think of budgeting 10,000 for 
software and training materials, and 
maybe for an online course, delivered 
over the Web. There are versions avail
able for Pentiums running Windows 
95, 98, and T, as well as some IX 
boxes. Check the website at www. 
algor. com for details. Memory require
ments will vary, depending on the 
speed you want and the operating sys
tem. Algor recommends at least 32 to 
64 MB. We suggest 128 MB as a more 
realistic minimum. 

Steve Ross teaches journal
ism at Columbia University in 
New York City. where he directs 
the science writing program. 
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Cast Your Vote for 

TECH BRIEFS 
Fifth Annual Readers' Choice Awards 

Each month, f\.SA Tech Briefs'UpFront editor' page 
features the Product of the Month - a new product with 
exceptional technical merit and practical value to our more 
than 200,000 engineering and management readers. 

This month, we invite you to vote for the one product 
among those highlighted throughout 1999 that you feel was 
the most significant new product introduced for the engi
neering community thi year. The product receiving the 
mo t votes will be named NASA Tech Briefs 1999 Readers' 
Choice Cold Winner for Product of the Year. The products 
with the second and third highest number of votes, respec
tively, will be awarded the Silver and Bronze awards. 

Last year's winner of the Cold Award was LabVIEW Version 
5.0 graphical instrumentation software from National 
Instruments 9f Austin, TIC 

On the facing page are descriptions of each of the Products 
of the Month chosen in 1999. Choose the one product you 

feel should receive Product of the Year honors, and cast your 
vote in one of the following ways: 

• Vi it the f\.SA Tech Briefs web ite at www.nasatech.com 
and indicate your choice on the Product of the Year ballot; 

• Complete the ballot below and fax it to the Editor at: 
212-986-7864; or 

• Mail the ballot to: Product of the Year, f\.SA Tech Briefs, 
317 Madison Ave., Ste. 1900, New York, l\JY 10017. 

Only one vote per person will be counted. Your 
completed ballot must be received by January 28, 2000. 
All eligible voters will be entered in a random drawing 
to win valuable prizes contributed by past winners of 
Readers' Choice Awards. 

The 1999 Readers' Choice Award will be announced on 
March 13, 2000, during ational Manufacturing Week in 
Chicago. We'll also Ii t the winners in the April issue of f\.SA 
Tech Briefs, and on our web site at www.nasatech.com. 

r----------------------------------------------------------------------------------------------------------------------------, 

1999 NASA Tech Briefs Readers' Choice Product of the Year Ballot 

arne: ______________________________________ ___ 

Company: 

Address: _____________________________________ _ 

City: __________________________________ __ 

State: Zip: ____________ _ 

Phone: ____________________ _ Fax: 

E-mail: ____________________________________ _ 

Check only one box 

O January: SCI - 320/ 540 Windo -based workstations 

o February: Visionary De ign ystem - IronCAD Version 
2.0 CAD oftware 

o March: Hewlett-Packard - HP 16600A/ 16700A 
logic analyzers 

o April: tereoCraphics - Cry talEyes Wired 
stereoscopic eyewear 

a May: Engineering Services Data Unit (ESDU) - ESDU 
engineering database 

O June: Parker Hannifin - Spectrum Serle couplings 

O July: Endevco Corp. - OASIS 2000 sensor interface system 

o August: Wolfram Research - Mathematica 4 technical 
computing software 

a September: Cage Applied dences - CompuScope 1602 
AI D converter card 

a October: Spatial - 3Dmodel erver.com web-based 
model repair 

:::l November: Invention Machine Corp. - CoBrain knowl
edge processing database 

o December: Compaq Computer Corp. - Deskpro AP240 
professional workstations 

----------------------------------------------------------------------------------------------------------------------------~ 
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SGI, Mountain 
View. CA. intro
duced the 320 
and 540 system 
visual worksta
tions, the com
pany's first line 

based on the Windows NT operating system. 
The 320 IS a mini-tower workstation that can 
be configured with up to two Intel Pentium II 
450-MHz processors. and can support up to 1 
GB of memory. The 540 systems are full-tow
er. quad-capable Pentium Xeon workstations 
that can be configured With up to four Xeon 
450-MHz processors. 

C rystalEyes 
Wired is an 
entry-level 
stereoscopic 
eyewear sys
tem from 
StereoGraph-
ics Corp., San 

Rafael. CA, for CAD. mechanical design. and sci
entific professionals who work with complex 3D 
images. The system is designed for Windows NT
based graphics software users and developers 
for Virtual prototyping, design. and simulation. 
The user plugs the eyewear into a compatible 
graphics card . 

Endevco Corp., San 
Juan Capistrano. 
CA . offers the 
OASIS 2000 sensor 
interface system. a 
computer-con
trolled. mUlti-chan
nel measurement 
instrumentation 

system that provides an interface to a data 
acquisition system for a variety of sensors. 
Including strain gauges, pressure sensors, and 
accelerometers. The system incorporates four 
cards, which mount Into a 16-slot Model 4990 
EIA 19' rack . 

Spatial. 
Boulder. CO. 
announced 
3Dmodelserver. 
com, a Web
based soft
ware applica
tIOn for repair

Ing and Improving 3D models The application 
enables the use of models across multiple, het
erogeneous software applications, making them 
more usable in design, analysis, and manufactur
Ing. The seMCe can be accessed using any Web 
browser and Internet connection, and can be 
updated on a daily basis. 

NASA Tech Briefs, December 1999 

Version 2 of 
IronCAO me
chanical engi
neering soft
wa re from 
ViSionary De

sign Systems, Santa Clara. CA, offers drag-and
drop sheet metal part creation. new object 
manipulation functionality. improved 2D profile 
creation. and enhancements to its data transla
bon and surface-to-solid capabilities. Handles, 
including SmartSnap·, and a dynamic 3D con
straint solver, allow users to perform sizing and 
positioning operations. regardless of how the 
model originally was dimensioned. 

Engineering Sciences 
Data Unit (ESDU) Inter
national . Englewood. 
CO. released the ESDU 
database of mechanical. 
process. and structural 
engineering data Items 
In electroniC format, on 
the Internet and CD
ROM . The database 

contains more than 1.250 data items In 230 vol
umes. Each volume contains data items covering 
a specific engineering problem or component; 
data items may be methods, data examples. pro
grams, or equations. 

Mathematica 4 tech
nical computing soft
ware from Wolfram 
Research. Cham
paign, IL, combines 
calculating capabili
ties with a collection 

of visualization and technical publishing tools. 
New features include speed enhancements; 
direct import and export from over 20 standard 
data. graphics, and sound file formats; and 
extended HTML and TeX output. The software 
supports computations In specified algebraic 
domains, and features Improved data analYSIS 
functions. 

I. ...... CoBrain knowl-
edge processing 

~:; ___ • _ __ -::.:. software from 

~ ll--- Invention Ma-
L~- ch i ne Corp , 

~ Boston, MA. al-
~ I lows users to 

- semantically 
process large numbers of electrOniC docu
ments 'rom internal and external sources, 
including research reports. patents. confer
ence proceedings, and technical Journals. It 
extracts and presents an Index of technical 
documents displayed in a problem-solution 
format. 

www.nasatech.com 

Hewlett-Packard. Palo 
Alto. CA, offers the 
HP 16600A and 
16700A Web-enabled. 
remote-control logIC 
analyzers. The systems 
feature Web-server ca

pability. allowing users to access an HP logiC ana
lyzer over the Internet or through an Intranet 
using Version 4.0 or higher of Microsoft Internet 
Explorer or Netscape Communicator. Users can 
check the status of a logic analysis session with
out being anywhere near the analyzer. PC users 
can move data from a logic analyzer onto a 
Microsoft Excel spreadsheet. 

The Spectrum Series couplings from Parker 
Hannifin. Minneapolis , MN. combine com
pact size, high flow capability, and lightweight 
design for a variety of coupling applications. 
The series is available in three material options: 
Acetal. PVDF, and PVDF+. The couplings all 
feature a push-to-connect design. and have a 
variety of port options. 

Gage Applied 

'l .. ~._~ .. -~~ ,,~} 
~..r~ .4 ,of " 16BIU5M~/sA'/D 

Sciences, 
South Burling
ton, VT. intro
duced the 
CompuScope 
1602 single

slot. 16·M AID and Scope card for the PCI bus 
that is capable of dual-channel, simultaneous 
conversion rates to 2.5 MSls The card operates 
In two modes: Memory Mode, With up to 8 mil
lion samples of acquiSition memory; and Real 
Time Mode, In which It can stream data to host 
memory for up to 1 billion samples of acquIsition 
memory. 

Compaq Computer 
Corp.. Houston, 
TX, introduced the 
Deskpro AP240 
professional work
stations, designed 

to serve as a bridge between the company's 
high-end Oeskpro units and entry-level worksta
bons. The desktop and mini-tower systems fea
ture Single Pentium III 600EB and 733-MHz 
processors In the Rambus-memory-based mod
els. and single Pentium III 700-MHz processors 
in the SORAM-memory-based models. The 
Rambus-based models also feature Intel's 820 
chipset, and maximum memory of 1 GB. 
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@l Updates on 
Optical Diagnosis of 
Fuel Spray Patterns 

A collection of three reports pre-
ents an expanded di cu ion of the 

topic of "Optical Diagno tic of High
Pre ure Liquid Fuel prays" (LEW-
16701), 11 11 Tech Briefs, Vol. 23, 0.3 
(March 1999), page 18a. The reports 
de cribe experiments in which fuel 
pray repre entative of those in liquid

fueled, high-pre sure gas turbine com
bustor were analyzed by a com
bination of planar laser-induced 
fluorescence imaging, planar Mie cat
tering, and phase Doppler particle 
analy i . The earliest of the reports 
("Fuel Injector Patternation Evaluation 
in Advanced Liquid-Fueled, High-Pres-
ure, Gas Turbine Combustor, U ing 

Nonintrusive Optical Diagnostic Tech
niques") was the subject of the noted 
prior article. 

This work was done by Yolanda R . 
Hicks, Robert C. Anderson, and Michelle 

ACR SmartReader Plus 7 features: 
~ 7 voltage and current channels 

~ + '·0.5% FS accuracy 
~ Up to 1.5 MB memory 

~ 12·bit resolution 

~ Sample rates as fast as 25 readings 
per second 

~ Weighs less than 4 oz 

Zaller of Glenn Research Center and 
Randy]. Locke of Dynacs Engineering Co., 
Inc. To obtain copies of the reports and the 
summary document, access the Technical 
Support Package (T 'P) free on-line at 
www.nasatech.com under the Physical Sci
ences category. 

Inquiries concerning rights for the com
mercial use of this invention should be ad
dressed to I1S11 Glenn Research Center, 
Commercial Technology Office, Attn: Steve 
Fedor, Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-16882. 

@l Time-Parallel Solutions 
of Linear PDEs on a 
Supercomputer 

A paper describes the mathematical 
basis and orne application of a class 
of massively parallel algorithms for fi
nite-difference numerical solution of 
orne time-dependent partial differen

tial equations (PDEs) on massively par-

~ 1 O·year battery life (guaranteed) 

~ Free technical support on our 800 
Downloading information is simple: r..a;.1 
Connect an ACR interface cable 
to the logger and the Com number 

~ 3·year warranty 
~ Year 2000 compliant 

port of a PC and run the 
ACR software. View data 
graphically or statistically. 
loggers are accessible remotely 
by modem and can be networked. 

~-"-
::IE • 
8 .. 

Without data, it's just an opinion 

Inon 
SYSTEMS INC. 
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For more information on the complete ACR family of data logging instruments, please 
contact us. Telephone: 604.591.1128 . Toll free (COA & USA): 1.800.663.7845 
Fax: 604.591.2252· Web: www.acrsystems.com • [·mail.· acrfijacrsystems.com 
81dg 210 - 12960 84th Avenue Surrey 8C V3W 1K7 Canada 

Dealer enquiries welcome! 1698/A 

For More Information Circle No. 416 

allel upercomputer. In a radical de
parture from the traditional spatially 
parallel but temporally equential ap
proach to solution of finite-difference 
equation , the algorithms de cribed in 
the paper are fully parallelized in time 
as well a in pace: thi i achieved via 
a et of tran formations based on 
eigenvalue/ eigenvector decompo i
tion of matrice obtained in discretiz
ing the PDEs. The re ulting time-par
allel algori thms exhibit highly de
coupled structures, and can therefore 
be efficiently implemented on emerg
ing, mas ively parallel, high-perfor
mance upercomputers. 

This work was done by Nikzad Toomarian, 
A mir Fijany, and Jacob Barhen of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, "Time Parallel So
lutions of Linear Partial Differential Equa
tions on the Intel Touchstone Delta Super
computer," access the Technical Support 
Package (TSP) free on-line at www. 
nasatech.com under the Physical Sciences cat
egory. NPO-J9385 

@ Quick Guide to MSAT 
A report presents additional infor

mation on the Mechanical System De
sign/ Analysis Tool (MSAT) computer 
program, which was reported in "Pro
gram for Designing a Mechanical Sys
tem" (LEW-l 6710, NASA Tech Briefs, 
Vol. 23, No.9 (September 1999), page 
32. To recapitulate: MSAT is a user
friendly, multidisciplinary software sys
tem that facilitate and accelerates the 
synthesis and analysis of designs of me
chanical systems. MSAT features a 
modular architecture that organize 
design-analysi tasks around object-ori
ented representation of (1) compo
nents of an aircraft engine or other sy -
tern that one seek to design, (2) 
analysis programs, and (3) data-trans
fer link among the components and 
analy is programs. 

This work was done by HuaHua Lee, 
Mark Knlb, and Jack Madelone of General 
Electric Co. for Glenn Research Center. 
To obtain a copy of the repart, "Mechanical 
System Analysis/Design Tool (MSAT) 
Q}tick Guide, " access the Technical Support 
Package (TSP) free on-line at www.nasat
ech.com under the Information Sciences 
category. 
LEW-16888 
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@Forward-Scattering Particle-Image Velocimetry 
Using only one line of sight, one can measure three-dimensional velocity. 

John H. Glenn Re earch Center, Cleveland, Ohio 
Forward-scattering particle-image \·elocimetry (FSPIV) i a 

technique for measuring velocitie in microscopic flow field as 
thin liquid film . in other particle-image-velocimetry (PIV) 
technique , the velocity of a flow is computed from temporally 
changing image of suitably illuminated, neutrally buoyant parti
cle entrained in the flow. Unlike other PIV technique . (1) par
ticles are back-illuminated with coherent or partially coherent 
light, (2) a micro cope is u ed to re olve forward cattering of 
light from the particle , and (3) all three components of velocity 
can be measured from only one line of ight, without readjust
ment of optic . 

Figure 1 illu trate a laboratory setup for FSPIV. illumination 
i provided by a microscope-illumination ource equipped with a 
wavelength-selective filter. Partial coherence i obtained by clos
ing the aperture on the illumination ource. Microscopic spheri
cal eed particles of known diameter are upended in the liquid. 
A tran mitted-Iight microscope i aimed through the cell back to
ward the ource and i focused to a uitable depth within the cell. 
Forward- cattered light from a particle in the field of view of the 
microscope is brought to focus on the micro cope image plane 
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Our Servers & Workstations 
If8 Going Places 

I 

Desktop worksurion and server po r been so portable or 0 

rugged with industrial portables from B 1. With a combination of multi

slot, multi-dri,'e ba}' design, a large flat panel dIsplay and dual Pentium 

III processor performance. our portables provide you with full -featured 

seT\'ers and workstations wherever your application takes you. 

1-80 0-872-45 4 7 
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to obtain a magnified image of the particle. charge-coupled de
vice (CCD) i mounted at the image plane to acquire the image. 
The CD output is digitized, then proce ed as de cribed below 
to extract information about the three-dimen ional velocity of 
the particle. 

Coherent illumination i needed because it make the forward 
scattering of light (including uch effects as diffraction from parti
cle and phase change in micro ope len es) amenable to analy
is. High] coherent illumination like that provided by a laser re
uJts in speckle noise; partially coherent illumination is preferred 

in thi application because it can yield diffraction pattern ade
quate for analysis while generating much Ie peckle noise. 

Figure 2 chemati
cally illu trate how 
image are proces ed 
to extract velocities. 
Fir t, a frame of image 
data is acquired at a 
known sampling time. 

ext, the image of 
each particle is sepa
rated from other par
ticles. The cattering 
pattern for each parti
cle i analyzed to de
termine the di rance 
of the particle, relative 
to the focal plane. 
along the line of sight. 
Thi aspect of the 
analysis involves com
parisons of the ob-
erved cattering pat

tern with cattering 
pattern that have 
been computed theo
retically and/ or re
corded experimentally 
for known po ilion 
relative to the focal 
plane. The compar
i on and the interpo
lations between known 
po itions can be per
formed by neural-net
work oftware that has 
been trained on the 
known cattering pat
tern . Then the com
ponent of velocity of 
each particle along 
the line of igh t i cal
culated as the di rance 
between two po irion 

Image Plane 

Objective and 
Other Lenses in 

Microscope 

....----r----.::I 

}

Cell Containing 
Fluid With 

,.....-J-++ -.L-, Suspended 
'---+-11-----' Particles 

Condenser 
Lens 

Auxiliary 
Lens 

Gravity • 
Figure 1. A Microscope Resolves Forward 
Scattering of partially coherent light from 
particles suspended in a fluid. The magnified 
image is captured by a CCD. 
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Introducing 

StreamStor from Boulder Instruments. 

the deepest, fastest PCI-direct-to-disk recorder ever developed. 

per second, with 
For the first time ever, you can record data at the astonishing rate of 240 Mbits/second 

to 800 Mbits/second. with total capacities from 15 GBs to more than 675 GBs. 

By writing data directly to disk without going through system memory. 

capacity. 
StreamStor avoids the bottleneck traditional storage systems encounter. 

The result is blazing speed and awesome depth. Don't compromise your 

data-intensive applications. StreamStor is as fast and deep as it gets. 

Boulder Instruments 303.485.1246 . 888.497.7327 

Find out more about StreamStor. Visit our Web site at www.boulderinstruments.com 
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817422 
0.1 second response 

817624 Thin film RTD 

8651 Miniature platinum RTD 

Thin, flexible resistance temperature detectors . Wire 
wound or thin-film . Pt, Cu, Ni, Ni-Fe curves . 0.1 second 

time response . Rugged laminated construction 
• -200 to 220°C range . Many sizes & styles in stock 

Stable, accurate, dependable measurement . Install with 
self-stick backing, tapes, or cements . Avionics 

• Process lines . Medical devices . Aircraft windows 
• Stator windings . Thermal processing equipment 

MIN CO PRODUCTS, INC. 
7300 Commerce Lane e Minneapolis, MN 55432-3177 U.S.A. 

Telephone: (612) 571-3121 e FAX: (612) 571-0927 
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Acquire data. -

Separate Images of 
Individual particles. 

Find centroId from 
a particle Image. 

Compute transverse 
velocity from 

displacement of 
centroid. 

Compute axial velocity 
from changes in 

scanerlng With the help 
of neural network. 

-

-

-

10 15 20 25 30 

Mocrons 

rl. 

~a 

Figure 2. Magnified Images of Particles in forward-scattered light are 
processed to extract data on three-dimensional velocity. 

determined in this way for two ampling in tants, divided by 
the time between the instants. 

The components of velocity in the plane perpendicular to 
the. line of ight are determined by tracking particle-image cen
trOids as they move across the field of view between succes ive 
frames. The tracking of particle-image centroids as a function 
of ti~e ~s an e tabli h~d PIV practice; technique for tracking 
parncle-lmage centrOid as function of time have been re
ported in a number of previous articles in ASA Tech Briefs. 
An a?ded benefit of FSPIV is that the scattering is centro-sym
metric so that the centroid i found with high accuracy. 

This work was done !Jy Ben Ovryn of NYMA, Inc., and John D . 
Khaydarou of Ohio Aerospace Institute far Glenn Research Center. 
Far further inj()T7Mtion, access the Technical Support PacJw.ge (TSP) 
free on-l~n.e at www.~asatech.com under the Physical Sciences category. 

Inqumes concermng rights far the commercial use of this invention 
should be addressed to NASA Glenn Research Center; Commercial 
Technology Office, Attn: Steve Fedor; Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to LEW-J6403. 
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ADVERTISEMENT 

MICRO 'A DELIVERS SUPER 0 P TER PERFORMANCE IN T, LlNUX AND UNIX WOR STATIO S 

ince 1982, Microway's 
products and technical up
port have helped II ers get 
more done for Ie money. 

tarting with the concept that 
PCS could lise more numeric 
power, we built a product line 
and customer base that is now 
worldwide. The mother
board and workstations we 
de ign today use Pentium
and Alpha-based proce sors 
that deliver 20,000 time the 
throughput of the 8087s we 
started with in 1982. 

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

tran puter. Following this, 
Microway built mall super
computers that featured up 
to 20 Intel i860 RI C proces--
or. The 667-MHz dual 

Alpha motherboard , which 

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

667 HZ Alpha 21264 Daughtercard 

Dual Alpha 
21264DP 
Motherboard 

using 21264 dual Alpha 
motherboards, P2000 dual 
motherboards, 21164-LX in
gle Alpha motherboards, or 
Pen tium proce or for all 
price points. 

Our expertise in parallel 
proce ing dates back to the 
mid-80s when we were 
lnmos's largest cu tomer for 

~1icrowav is kno~n for giv
ing excellent ervice. When 
you call us, you talk to a com
petent per on. Because we 
appreciate the critical nature 
of your work, every one of our 
products come with free tech 
upport for two year . Our leg-

endary tech upport makes it 
pos ible for us to configure 

your favorite True 64 UNIX, 
and Open VMS ) tern , yet 
also deliver NT and Linux. 
And we know how to take care 
of pecial situations, including 
rack-mounted industrial-

grade system, RAID-con
trolled hard disk farm , and 
high bandwidth interproces--
or communication 

Microway's current soft
ware product line is 
anchored by NDP Fortran, 
which is available for 
Pentiums and generates 
Alpha code for Linux. 
Compaq and Intel's ten-year 
agreement insures that the 
Alpha 21264 and 21364 will 
continue to be performance 
leader in the high-speed 
numeric market for years to 
come. Intel and Samsung will 
manufacture the Alpha, 
which Compaq engineers will 
de ign and market. This 
mean that you can count on 
Microway to continue our 
tradition of designing state
of-the-art cl usters, mother
boards, and workstation . 

Microway hardware 
products have always 
been popular with 
government, indus
try, and univer ity re-
earchers. Our i860 

powered cards were 
u ed to earch for oil, 
improve MRI re olu
tion, do air flow tud
ies on jet engines, 
and help the A 
SETI project earch 
for extraterrestrial 
life. Microway high
end Alpha and 
Pentium workstations 
are currently in u e 
throughout the in 
major universitie and 
research organizations 
like ASA, I T, 

JR, Lincoln Labora-
tory, mithsonian, 
and CDC. 

Company History 
Microway was 

founded in 1982 to 
help cientists and 

For More Inf ormation Circle No. 568 

engineers take advantage of 
the IBM PC. Our fir t product 
was a library, which made it 
po sible to u e an 087 in a 
PC. \ e bundled our librarie 
with 8087 and became one 
of [mel' large t customers. 

Our hardware products 
included PC accelerator , 
coproce or cards, and moth
erboard . In 19 6, we intro
duced the first 32-bit Fortran 
to TUn on an Imel Pc. The 
firsl PC to hit a megaflop 
u ed a Microway/ Weitek 
coprocessor driven by TDP 
Fortran. Over the years, DP 
Fortran has been used to port 
hundred of popular main
frame application , including 
MATLAB and ASPE , to 
Intel-based PC . 

Microway' workstation 
have been purcha ed by uni
ver ity and ASA laboratories 
since 1989. PC Computing 
Magazine named our Alpha 
ystem "the fastest Windows 
T workstation on the planet 

... the performance leader." 

For more information, contact 
Microway, Inc., Research Park, 
Box 79, Kingston, MA 02364; 
Tel: 508-746-7341; Fax: 508-
7464678; e-mail: info@m.icrvway. 
CO11/.; www.microway.com 

Microway 24 Node Linux 
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@ Imaging System With TDI and a Two-Axis-Scanning Mirror 
A unique optomechanical scanning subsystem offers several advantages. 
Goddard Space Flight Center; Greenbelt, Maryland 

A telescopic imaging system that in
cludes an optomechanical scanning 
sub ystem is undergoing development. 
The sy tern is designed fO!" use in scien
tific ob ervation of the Earth from 
aboard a satellite in geostationary orbit. 
The basic principles of the optome
chanica] scanning subsystem may also 
be applicable to special-purpose terres
trial optical instruments. 

The principal optical component of 
the optomechanical subsystem i the 
scanning mirror - a flat mirror with 
an elliptical cro section. The mirror is 
rotated about two mutually perpendic
ular axes to scan the focal plane of the 
telescope in a raster pattern that de
fines a field of regard that extends 
across the surface of the Earth and in to 
adjacent areas of dark space (observa
tions of adjacent dark space provide in
strument background readings that 
can be subtracted from Earth-surface 
readings). The use of the scanning mir
ror makes it unnecessary to rotate the 
relatively massive telescope to scan this 
field of regard, which is wider than the 

field of view of the tele cope. The use 
of a scanning mirror for such a pur
po e i not new or unique; instead, the 
unique aspect of the optomechanical 
sub y tern lies in some of the particu
lars of its design. 

The system (see Figure 1) is most 
readily characterized by reference to a 
Cartesian coordinate system. The cen
tral line of sight of the field of regard is 
along the nadir (the z axis). In the first 
vel' ion of the ystem, the optical axis of 
the telescope is parallel to the south (y) 
axi ; in the second vel' ion, the optical 
axis of the telescope is tilted 30° from 
the y axis in the y,z plane. The image is 
detected on a focal-plane array (FPA) of 
photodetectors arranged in rows of pix
els along the x axis. The along-scan 
(east-west rapid-scan) component of the 
raster pattern corresponds to motion of 
the focal spot along a row of pixels in the 
x direction. The FPA-readout scheme is 
based partly on time delay and integra
tion (TDI); this produce a requirement 
that the optomechanical-scanning veloc
ity be constant and equal to the elec-

(Nadir) 
Primary Mirror 

(E:st)r 
FPA (TDI Axis 

.1 to Page) 

Secondary 
Mirror 

Outer Gimbal Axis 

'k-~I----- } ~~ 
Scanning Mirror 

(.1 to Page) Inner Gimbal 

y 
(South) 

\~e 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 
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tronic- canning velocity 0 that the 
packet of charge from each pixel on the 
FPA will correspond to a line of sight to 
a ingle spot in the scene. 

The scanning mirror i mounted on 
a gimbal with two perpendicular axle . 
The outer axle is attached to the tele
cope body and i parallel to the x axis; 

this axle is used to generate the cro s
can component of the ra tel' pattern 

(north-to-south steps between can
ning arcs). The mirror is mounted on 
the inner axle , which is perpendicular 
to the outer axle and is used to gener
ate the rapid east-west scan compo
nent. In the first version of the system, 
the angle, e, between the telescope' 
optical axis and the inner axis of the 
scan mirror is 45° at the center of the 
raster patten, and decreases from 
49.35 to 40.65° a the line of sight 
(LOS) is scanned from the orth Pole 
to the South Pole (from +8.7 to -8.7° 
elevation at geosynchronous altitude). 
In the second version of the system, 
the angle e is 60° at the center of the 
raster pattern and decreases from 

64.35 to 55.65°. 
The along-scan compo

nents of the raster pat
tern can be described as 
a series of predominant
ly east-west arcs sepa
rated by small cross-scan 
north-south intervals 
( ee Figure 2) . Each arc 
is canned by rotation of 
the inner axle at constant 
angular speed to obtain 
the required constant 
peed of scanning of the 

Axis, '!' 
A RST VERSION SECOND VERSION 

focal spot along a row of 
pixel . The outer axle is 
held stationary during 
the motion along each 
arc. At the end of each 
arc, the outer axle is ac
tuated to index to the 
next north- outh posi
tion and the arc at that 
position is scanned along 
a reverse path by rotating 
the inner axle in the op
posite direction. 

Figure 1. Both Versions of the System are based on the same optomechanical design prinCiples. The second version offers 
some advantages over the first version. 

30 www.nasatech .com ASA Tech Briefs, December 1999 



Projections of FPA PIxels al Vanous Scan Positions 
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The angular velocity of the LOS 
equals the rotational velocity of the 
inner gimbal axis, d'¥ / dt multi
plied by 2sin(0). The value of 
2sin(0) decreases on each consec
utive arc from north to outh, 0 

r!-P / dt mu t be increased from arc 
to arc. The image of the FPA ro
tates so that its TDI axis always co
incide with the scan velocity, and 
iLS cross- can axis (the long axi ) is 
always perpendicular. (Refer to the 
top arc in Figure 2.) 

The second (30°) version offers 
several advantages over the first 
(45°) version: 
• The angle of reflection is smaller; 

consequently, the reflection intro
duces less spurious polarization. 

• The major axis of the mirror el
lipse can be made shorter, thereby 
reducing the mas and angular 
momentum of the min-or. 

• Rotation of the image (equiva
lently, rotation of the projection 
of the FPA pixels onto the scene) 
is less. 

Figure 2. The Earth and Nearby Space Are Scanned in a 
series of predominantly east-west arcs separated by 
small north--south intervals. By virtue of the different 
instrument geometry, the arcs in the second version are 
more nearly straight lines. 

This work was done by James C. Bremer 
of Swales Aerospace for Goddard 
Space Flight Center . For further in
formation, access the Technical Sup
port Package (TSP) free on-line at 
www.nasatech.com under the Physical 
Sciences category. 
GSC-14088 

• M-JPEG Video Compression System for 
Space-Based Applications 
This video-compression/ decompression system meets the unique 
demands of space-based applications. 

Lyndon B. Johnson Space Center, Houston, Texas 

An M:JPEG video com pre ion stem 
has been modified to satisfY the unique 
requirements of pace-based applica
tion . ["M:JPEG" ignifie the till-image
data-compre ion method of the Joint 
Photographic Experts Group (JPEG) as 
applied to moving (e.g., ,ideo) image .J 
This ruggedly constructed, modular "S

tem is compatible with J ASA interface 
and meets Agency requirements for re
duced ize, weight, and power. The M
JPEG tern generate test patterns, en
able u er to select com pres ion 
characteristic and de ired output rate, 
is inexpensive to modify and upgrade, 
and has feature that are adaptable to 
mi ion"Specific requirements. 

Two categorie of video compres ion/ 
decompression ystems are commer-

A. A Tech Brief'._December 1999 

cially available: (1) com pUler-based 
video compre sion/ decompression sys
tem for multimedia applications and 
(2) stand-alone box compre ion/ de
compression systems for broadcast ap
plications. lone of the e stems sati
fies the requirements for all of ASA's 
unique applications. The sizes, weighLS, 
and power demand of commercial 
video s terns are too high . Commer
cially available } tern al 0 do not pro
vide compatible interfaces or com pre -
ion option that users can elect and 

control from front panels, and they do 
not generate test patterns. Moreover, 
most commercial com pre ion/ decom
pre sion ystems are not ruggedly con
structed or modular in design, many do 
not provide adequate video quality, and 

www.nasatech.com 

Accelerate 
Vision 
Appl.-------

Quickly develop machine vision 
and scientific Imaging solutions 
with new IMAQ- Vision Builder. 

• Easy·to-use interactive 
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none i capable of adjustment to any de
ired output rate. Finally, the cost of 

retrofitting any of the e system to at
i fy ASA requirements is prohibitive. 
To ummarize: While the video com
pres ion/ decompre ion y terns cur
rently in u e atisfy the commercial in
du try requirements for which they 
were designed, they fail to meet ASA's 
unique requirements for pace-based 
application . 

Televi ion y terns Committee (NTSC) 
signal using a variety of programmable 
color space ; compre a digital video 
ignal using an adaptive M:JPEG com

pre ion algorithm; enable the u er to 
select com pre ion mode and thereby 
modify com pre sion parameters; packe
tize the compre ed digital video ignal 
for tran port; provide both a fiber-optic 
and an electrical [emitter-coupled logic 
(ECL)] output interface; receive the 
com pre ed digital video ignal, decom
pre the data, and produce an accept
able version of the original noncom
pressed digital video signal; and convert 
the decompres ed digital video to a vari-

The M:JPEG y tern has been de
igned to perform functions pecific to 

pace flight. It was modified to enable it 
to perform the following functions: digi
tize a tandard SMPTE-170M National 
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ety of formats for display [e.g., red, 
green, blue (RGB) , compo ite NT C, or 
component NTSC rt/ )]. Thi range of 
capabilitie enable A to: (1) im
prove the quality of video tran mi sion 
over that of tandard analog video tran -
mis ion, (2) transmit multiple video 
channels within bandwidth previou ly 
needed for one channel, and (3) make 
efficient digital recordings of com
pre sed digital video signals and multi
ple-generation recording \vithout 
degradation. 

The M:JPEG video sy tern con i ts of 
two primary ubsy terns: the on board 
com pre ion system and the ground
based decompression sy tern. The figure 
hows the on board compres ion y tem, 

which contains the M:JPEG video en
coder. Thi encoder is housed in an an
odized aluminum case that contains the 
printed-circuit boards (PCBs). There are 
four such PCBs: (1) a video digitizer, (2) 
the M:JPEG encoder, (3) a packetizer, 
and (4) the power supply. Many compo
nents of this subsystem are programma
ble logic devices; these include an 
erasable programmable read-only mem
ory (EPROM), erasable programmable 
logic devices (EPLDs), and a stand-alone 
microsequencer (SAM). 

The M:JPEG video system is designed 
to interact with either the high-frame
rate multiplexer (HRFM) of the Inter
national Space Station or witll a space 
shuttle multiplexer. Because of the mod
ular design of the onboard compression 
system, three of the PCBs - the video 
digitizer, the M:JPEG encoder, and the 
power supply - can be retained in their 
original state, while an alternate com
munication circuit can then be em
ployed instead of the packetizer to serve 
as an interface with another system. 

The ground subsystem consists mainly 
of three personal computer (PC) ad
vanced technology (AT) Industry Stan
dard Architecture (ISA) boards. The 
user connects the display circuit to either 
a red/ green/ blue (RGB) NTSC monitor 
or to a composite NTSC or component 
Y/ C monitor, depending on which of the 
two display circuits is being used. Several 
programs are utilized to initialize the PC 
AT boards and run the ground system. 
Programs have been written to read the 
telemetry data to determine the configu
ration of the onboard system. The set
tings of the ground-system boards can be 
read to ensure that the proper configu
rations and frame can be captured 
whenever the user wants to import an 
image into the ground computer. (The 
current file format for imported images 
is the Targa 24 image file format.) Be
cause of the limitation of the PC AT ISA 
bus and the enormous amount of stor-
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age capacity needed to tore even a hort 
video equence of the required quality, 
the system does not allow storage of 
compre ed motion video data in the 
ground computer. The M:JPEG video sys
tem can be used to provide broadcast
quality video to an existing analog video 
ground disnibution tern or, prefer
ably, to a digital video ground di nibu
tion y tern. Decoding is done at the end 
viewing location. 

The M:JPEG video is flexible enough 
to be amenable to modification] to sat
isfy a variety of requirements and to suit 
various applications. For example, com
puter interfaces could be changed to 

enable the u e of the ground-based 
components of the system with alter
nate computers. Inasmuch as the on
board system is modular, it can be mod
ified for differen t interfaces, as for 
different communication protocols. A 
system currently under development
the Moving Pictures Expert Group 
(MPEG) 2 codec - will incorporate the 
video digitizer and packetizer from the 
M:JPEG system, but the encoder board 
will be replaced with circuitry that im
plements an alternate compression al
gorithm. 

The Compression Subsystem of the NASA M-JPEG Video System contains the M-JPEG video encoder 
plus a video digitizer, a packetizer, and a power supply. 

While the concepts included in the de
sign of the M:JPEG video system are not 
new, specific implementations of the de
sign are new. The combination of existing 
techniques and equipment is unique and 
satisfies the imilarly unique requirements 
of NASA's space-based applications. 

This work was done by S. Douglas Holland 
of Johnson Space Center. For furtherinfor
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Electronic Components and Systems 
category. 
MSC-22744 

(j) Low-Absorption Color Filters for Flat-Panel Display Devices 
Reflected light would be reused to obtain brighter displays. 
NASA s Jet Propulsion Laboratory, Pasadena, California 

A proposed technique for color filter
ing in a liquid-crystal or other flat-panel 
display device would make it possible to 
brighten the display without increasing 
the amount of light supplied from be
hind the panel. The need for the pro
po ed technique arise as follows: At pre
sent, each pixel in a typical color 
liquid-crystal display device contains 
three dye filters: red, green, and blue. 
Each filter transmits its single primary 
color and absorbs the other colors, so 
that less than one-third of the available 
light is used for viewing. In addition, the 
liquid-cry tal display uses polarized light, 
so that half of the incident unpolarized il
lumination is necessarily wasted. The net 
result is that less than one-sixth of the in
cident un polarized light is utilized. One 
does not have the option of increasing 
the illumination ubstantially to brighten 
the display because the increase in heat 
generated by absorption of light in the fil
ters could harm the display device. 

In the proposed technique, one would 
replace the dye filters with urface-plasmon 
or interference filters, which are more re
flective than ab orptive. In addition, the fil-
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Figure 1. Light Not Used in the Display at a given location would be reflected by a surface-plasmon 
color filter for use elsewhere. In the example shown here, incident ray A would give rise to reflected 
ray B, which would be reflected twice by the collimating reflector to become ray C. 
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ter and illumination optics would be 
arranged 0 that much of the light re
flected from the filters would be reused as 
illumination. The overall effect bould be 
an increase in brightne and efficiency. 

Figure 1 illustrate this concept as ap
plied to a liquid·cry tal panel back-lit by a 
lamp with a collimating reflector. Light 
reflected from a color filter on the panel 
would return to the collimating reflector, 
where it would be reflected twice and 
ent to a different location on the panel. 

Of course, neither the original light from 
the lamp nor the light reflected from the 
panel would be collimated perfectly as 
hown in implified form in the figure; 

all incident and reflected beams of light 
would have orne angular spread. Till 
spread would be beneficial in that it 
would make the illumination more 
nearly uniform across the panel. 

Figure 2 shows a propo ed configura
tion of an in-pixel urface-plasmon color 

filter, which would contain long, nar
row micropri m in odd-numbered 
row and honer pri ms oriented per
pendicularly to them in even-num
bered rows. Light that was p- or -po
larized to the longer pri m would be 
s- or p-polarized, re pectively, to the 
horter pri m. Each pri m would 

pass light of only one polarization 
and reflect light of the other polar
ization. Thus, the polarized light not 
utilized in each pixel would be ent 
back to the collimating reflector and 
redistributed el ewhere on the panel, 
where orne of it would be utilized in 
other pixels. 

This work was dane by Yu Wang of 
Caltech far NASA's Jet Propulsion Lab
oratory. Far further infarmatwn, access 
the Technical Support Package (TSP) free 
on-line at www.nasatech.com under the 
Physical Sciences category. 
NP0-20435 

Figure 2. Alternating Rows of Microprisms in a sur
face-plasmon color filter in a pixel would transmit 
and reflect light in mutually orthogonal polariza
tions. This arrangement would make it possible to 
utilize both polarization components of unpolarized 
light. whereas heretofore. only one of them has been 
utilized. 

tj NSUTCQ: an Alternative Image-Compression Algorithm 
This algorithm could be especially useful for remote viewing of medical images. 
John H. Glenn Research Center, Cleveland, Ohio 

o-shift universal trellis-coded quan
tization (NSUTCQ) is an image-data
com pression / decompression algo
rithm designed to be especially useful 
in telemedicine. Like some other 
image-compression/ decompression al
gorithms, this one provides both (1) 
lossy compression / decompre ion for 
transmission of mo t of the information 
in an image subject to competing re
quirements to limit transmi ion time, 
transmission bandwidth, and image dis-

tortion and (2) 10 sle s (or constrained
loss) compression/ decompression for 
transmitting the residual information 
(the remainder of the information nec
essary for reconstruction in full detail) 
about regions of interest (ROls) within 
images. Thus, in telemedicine, a diag
nostician could preliminarily view less
detailed versions of images, then select 
ROls that appear to be significant and 
request reconstruction of the fully de
tailed ver ions of the ROls. 

The SUTCQ algo-

This X-Ray Image of a Hand was digitized and its data compressed by 
a factor of 62 before reconstruction. The two regions of interest de
lineated by white rectangles were compressed by the residual-en
coding scheme and therefore exhibit sharper detail than do sur
rounding areas. 

rithm is a modified version 
of a previously developed 
los y compres ion/ de
compression algorithm 
called "adaptive wavelet/ 
universal trellis-coded quan
tization" ("wavelel/UTCQ" 
for hort). The wavelet/ 
urCQ algorithm begins 
with the use of a wavelet 
decomposition to trans

form gray-sca1e images 
into wavelet coefficients. 
The wavelet decomposi
tion can be followed by an 
adaptive subblock classifi
cation to improve coder 
performance. ext, the 
wavelet coefficients in the 
subblock are quantized. 
The quantization ub
algorithm can be charac-
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terized as a highly structured vector 
quantizer or as a scalar quantizer with 
memory. The quantizer proces es the 
wavelet coefficients into quantization in
dices. The quantization proces is lossy; 
that i , it introduce distortions into the 
wavelet coefficients. Tbe goal in design
ing a good quantizer is to ensure that the 
distortions do not seriously degrade the 
reconstructed imagery. In the wavelet! 
UTCQ algorithm, the quantization in
dices are adaptively arithmetically en
coded in an eight- tate trellis-coded 
quantization (TCQ) scheme. 

The SUTCQ algorithm differs from 
the TCQ algorithm in two major 
respects: 
1. Changes in the quantizer, involving 

codebook structures, probability mod
els, and other mathematical consider
ations too complex to be described 
here, reduce the sizes of the quantiza
tion steps. Ab olute errors should 
therefore be smaller. 

2. A ubalgorithm that involves a de
fined error tolerance and binning 
with adaptive arithmetic encoding of 
residual values for ROI has been 
added. The figure is an example of a 
reconstructed image with two resid
ual-encoded ROIs. 
The TCQ and the SUTCQ algo

rithms both have their places in 
an image-compression/ decompres ion 
cherne in that their capabilities are 
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complementary. The SUTCQ per
forms better at high bit rates. An ex
amination of bit-rate allocations made 
by an experimental encoder that im
plements both algorithm revealed 
that low-frequency subband were 
compre ed at high bit rate while 
high-frequency subband were com-

pre ed at low bit rate. Therefore, it 
make sen e to u e both quantizer , 
choo ing the one that be t uits the 
wavelet ubband being quantized. 

This work was done by Jim Kasner of op
tivision Inc. for Glenn Research Center. 
FOl'further information, access the Technical 

upporl Package (TSP) free on-line at 

www.nasatech.com under the Information 
Sciences category. 

Inquiries concerning rights for the commer
cial use of this invention should be addressed 
to j<tSA Glenn Research Center; Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve
lond, Ohio 44135. Refer to LEW-16667. 

tjSoftware for Scanning, Storing, and Retrieving Images 
John F. Kennedy ;pace Center; Florida 

An application program for scanning 
and storage of image and for retrieval 
of the images via the World Wide Web 
ha been written in the Java program
ming language to be portable to any 
computer and operating system that 
upport the Java Virtual Machine l.02. 

The program can be run on one com
puter or spread across three computers: 
a client, a server, and a third computer 
that tores the image data base. The data 
from canned images are stored in the 
TIFF Group N format and can be re
trieved in that format or converted to 
portable document format (PDF) for 
viewing through an Applet interface; the 

conversion to PDF is done, on demand, 
by a portion of the oftware that resides 
on the server. Although the program 
stores files in the TIFF format it also 
supports any other format, and image 
data stored in any format are retrieved 
in their native form. Once an image is 
scanned into the data base, it is immedi
alely available for retrieval. The program 
includes callable interfaces with other 
data bases and application programs. It 
aI 0 provides capabilities for administra
tion of the image-storage and -retrieval 
ystem. 

This work was done by Marie G. Dumoulin, 
Elias Vict01; Samh A. Le Valtey~ Carolyn F. Pa-

To learn more about MDe's line of high and ultrahigh 
vacuum, stainless steel gate, angle and inline valves ... 
call l -8IXJ-443-8817 and request our latest catalog! 
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quette, and Susan G. Corbin of Kennedy 
Space Center, and Tho1Tws P Duerr and 
Joseph E. Pn!Vo of Prevo Technologies, Inc. 

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

Joseph Prroo 
Prevo Technologies 
2118 Needle Pabn Drive 
Edgewater, FL 32141 
E-mail: joe@prevo.com 
Refer to KSC-12014, volume and number 

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

MOC Vacuum Products Corporation 
23842 Cabot Boulevard Hayward, CA 94545 

Phone 510-265-3500 
Toll-Free 800-443-8817 
Fax 510-887-0626 
e-mail sales@mdc-vacuum.com 
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$- Special Coverage: ImagingNideo/Cameras 

• ational Insrrumems, Austin, 
TX, has introduced three 
PXI/CompactPC) vision 
boards for high- peed image 
a quisition from analog and 
digital cameras. The boards 
can be incorporated inco 
small, modular computers 
and automated test systems. 
The PXI-1407 board acquire 
images from RS-170 and CCIR 

monochrome cameras, and feature region-of-interesc acquisition, 
which enables users to acquire a portion of the image. 

For digital area and line can cameras. the P 1-1422 boards feature 
16 ME of memory. and can buffer large images and acquire high-reso
lution images at rates up to 0 ME/s from color and gray-scale cam

erdS. One version of Ule PXl-1422 is compatible with RS422; the other 
is compatible with the lOW-VOltage differential signaling (LVD ) speci
fication. Both the 1407 and 1422 feature external triggering. and come 
with d';\,eroftware for configuration with camera equipmenL 

For More Information Circle No. 735 
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ognex orp .• Natick. MA, ofTel 
the BGA U machine vision system 
for inspecting ball grid arrays for 
missing. misplaced. or improper· 
I , formed older balls. TIle system 
can inspect up to 10.000 older 
balls per second, and offer sup
port for large-format. high-reso
lution cameras for inspecting 

ized, densely populated device. Included is a oftware pack. 
age that enables u ers to add other types of \ision functions, such as 
gauging and surface defect in pection. 

The BGA II perform calibration to conven training and measure· 
ment parameters from pixels to physical unilS. and to correct for 
camera skew. optical distortion, and scaling. It also features a 
Window&obased graphical device description editor that enables u ers 
to train a variety of BGA. flip chip. and chip scale package device 
types. The package consislS of the machine vision inspection soft
ware. a Cognex P I frame grabber. the Windows-based graphical user 
interface. on-line documentation. and two calibration plates. 

For More Information Circle No. 737 

The GP-MF 52PT and GP
MF802 progressive·scan 
black and wrute cameras 
from Panasonic Industrial/ 
\iedical Group, Secaucu • 
. U. offer double- peed 
canning, asynchronous 

frame reset., and electronic 
hUller trigger features. 

The GP-MF852PT feature 
1/60 double- peed pro
gres. ive can operation; 

the GP·. 1F802 offers full-frame progres i\'e scanning. 
The GP-MF 52PT features reset scanning time at one line. 60 frame 

camera functions at double peed, imultaneous-use partial frame 
reset, asynchronolls full-frame hutter, readout inhibit. and asyn· 
chronous reset functions. The camera also offers a 2/3" ceo and 
produce. more than 500 lines of horizontal resolution in 5 lux at flA. 
The 1/3" CD GP·.MF802 delivers 4 0 lines of re olution at 6.5 lux, 
and a ignal·to-noise ratio of more than 56dB. 

For More Information Circle No. 739 

ries ma.chine vision 
system from Kevence Corp. of 
America, Woodcliff Lake, l], fea
tures a built-in monitor and con· 
troller, and incorporates the Easy 
Action tern (EASY) to horten 
set-up time by reducing complex 
functions to imple commands with 
pull-down menus. The S)' tern in· 
cludes an integrated one-touch con
troller and a camera that measure 
1.2" square. 

Other feature in lude 24.S-mil· 
lion sub-pixel processing; measure
ment of 00. !D. piLCh. and gap; and 

adjustable target angle compensation to COITect for target position 
variations. Independent proce sors allow simultaneous u e of twO 
can1eras, enabling twO images to be proce ed simultaneously. BLlilt
in digital image processing algorithm maintain stable image detec· 
tion when illumination is reduced. 

For More Information Circle No. 736 

Redlake Imaging. Morgan 
Hill, CA. has announced lhe 
MotionScope PCI high
speed video capture PC! 
card . which records up to 
8,000 images per second. 
using shutter speeds lip to 
l/40.000th of a second with 
resolution up to 480 x 420 x 
S-bit pixels per frame. The 
number of images capable of 

being tored depends upon the disk pace on the PC. The sy tern per
form motion analysis in pick-and.place applications. 

{anuaJ triggering or optical, acoustic, and other ensors can be 
u ed to control the recording sequence. Playback u es a point-and· 
click inlerface. The sy tern consi IS ofa proprietary monochrome dig
ital camera head incorporating a solid·stale, high-speed shutter. a fuJl
ize P I board. cabling, and the MotionScope software. It require a 

200-MHz Pentium-based I' wiUl at least 64 MB of RAM. a 3-GB hard 
drive. and Window 4.0. 

For More Information Circle No. 738 

Eastman Kodak' \ l otion 
Analysi 'yslems Div., an 
Diego. CA. offers the EktaPro 
CR :'10del 2000 high-speed dig· 
ital imager, a elf-contained 
unit designed to pro~ide engi
neers andcienthts wim a user
friend I way of recording high
peed image' for \ideo play· 

back at variable peeds. It also is 
ource for computerized motion anaIrsi . The imager 

enable users t record 24-bit color or bit monochrome images at 
frame rate up to 2.000 frames per _ econd. 

A 512 x -len or capture, high-resolution images; electronic shut
tering eliminate motion blurring. and an anti-blooming featw'e pre
\ents image degradation under intense lighting conditions. The 
imager can be operated with an attached handheld keypad. or 
remOlel)' from a PC via lOO-BaseT Ethernet communications. Digital 
images can be downloaded onlo a PCMCIA hard drive or solid-state 
memory card. or directly to a PC over EtherneL 

For More Information Circle No. 740 
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= Circuit Detects Pyrolysis of Polyimide Insulation on Wires 
This circuit can also be modified to prevent further pyrolysis. 
Lyndon B. Johnson pace Center. Houston, Texas 

An electronic circuit has been de-
igned as a prototype of a device that de

termine whether critical electrical ys
tern have been compromised because 
of pyroly i of polyimide-in ulated wire . 
Thi circuit can be modified to prevent 
further pyrolysis and to check for indi
cation of pyrolysis for a wide variety of 
load re istance and power supplies. Cir
cuits like thi one could be beneficial in 
pacecraft, in military and commercial 

aircraft, and in the nuclear power in
du try where polyimide-insulated wires 
are u d. 

The device is divided into two main 
ection : a pyroly i -detection circuit 

and a potential-pyroly is-indication cir
cuit. The heart of the pyrolysis-detec
tion circuit i an instrumentation am
plifier that monitor the voltage drop 
acro a hunt resi tor as current flows 
through the resistor to a load re is
tance. If polyimide-in ulated wire in 
series with the load resistance begin 

to pyrolyze, the current through the 
hunt re i tor begin to increase. If the 

current exceed a pre et value (in the 
pre ent de ign, 1.50 A, corre ponding 
to a pyrolyzed-polyimide re i tance 
value of approximately 35 Q), then the 
instrumentation amplifier puts out a 
ignal with a potential of approxi

mately 1.10 V to the inverting input 
pin of a comparator. The output po
tential is set to thi level by adjusting a 
gain re istor whi le 1.50 A of current i 
flowing through the hunt re i tor. 
When the comparator (which i con
figured with a thre hold voltage of ap
proximately 850 mY) is triggered, a 
tran istor is turned off, thereby dis
abling a solid-state relay and interrupt
ing the flow of electrical current to the 
load and the pyrolyzing wire . 

Mter the pyrolysis event ha pas ed, 
the circuit then tests the pyrolyzed 
wire and adjacent wiring to determine 
whether any wires are hazardous. This 

= Optically Transparent Patch Antennas 

involve routing the output from a pre
ci e 5-mA current ource through the 
load and the low resi tance of the py
rolyzed wire. A potential un afe pyroly
si condition is detected by u e of an 
operational amplifier configured as a 
comparator with a trigger thre hold 
voltage that correspond to a critical 
pyrolysi re i tance of approximately 
35 Q. Mter the thre hold voltage has 
been reached, a transi tor become 
turned on, cau ing illumination of a 
light-emitting-diode di play to indicate 
the potential un afe pyrolysis condi
tion in the wiring under scrutiny. 

This work was done by Timothy E. Rnth oj 
AUied ignal Technical eroice Corp. Jor 
Johnson Space Center. For further infor
mation, access the Technical Support Package 
(TSP) free on·line at www.nasatech.com 
under the Electronic Components and 'Ystems 
category. 
MSC-22717 

Antennas on transparent films can be bent to conform to curved supports. 
John H. Glenn Research Center, Cleveland, Ohio 

Optically tran parent patch antennas 
have b en invented for use in commu
nication y tern at frequencie of the 
order of a few gigahertz. The e anten
nas can be mounted on window of 
building and vehicle, on computer 
video monitor, on olar photovoltaic 
panel, and on other convenient up
ports; thi i an advantage in situation 
in which the reu e of such supports for 
radio communication i dictated by a 
lack of room for adding eparate an
tenna- upporting tructure. Another 
advantage of the optically transparent 
patch antennas is that they weigh Ie 
than conventional antennas do. 

An optically transparent patch an
tenna can be made from an op tical I 
tran parent, electricall conductive film 
depo ited on one face of a polye ter film 
or a glass sub trate; e.g., AgHT, or equiv-
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alent. In the case of a polye ter film (see 
Figure 1) , the depo ited layer has a ur
face re istance of 6 to 10 ohm per 
quare. The patch and its feed strip can 

be formed imply by cutting the coated 
film in the required pattern. 

Typically, the polye ter film i 0.0075 
in. (0.19 mm) thick and i upported 
over a ground plane by an intervening 
nonconductive tran parent film 0.0035 
in. (0.0 9 mm) thick. Thus, the total 
thickne of dielectric material up
porting the antenna patch i 0.011 in. 
(0.2 mm). The purpo e of increasing 
the dielectric thicknes by u e of the in
tervening film is to increase the an
tenna bandwidth. Of cour e the fabri
cation of uch an antenna on polye ter 
film offer the advantage that the an
tenna can be bent to conform to a 
curved support. 

www.nasatech.com 

Figure 2 pre ents example of opti
cally tran parent patch antennas on 
glas ubstrate. Typically, a glas sub-
trate i about 0.Ql15 in. (0.292 mm) 

thick and the depo ited conductive film 
has a urface re istance of about 2.8 
ohms per quare. Whereas a polye ter 
film mu t be cut to the required pat
tern, the conductive film on a glass ub
strate i patterned by depo iting the 
conductive material through the open 
areas of a photore ist mask. 

In te ts, prototype optically tran par
ent patch antennas like tho e hown in 
Figure 1 and 2 were found to exhibit 
radiation pattern, return 10 se , and 
input impedance imilar to tho e of 
conventional patch antennas made 
from copper conductor. The observed 
radiation pattern are con ide red to be 
good for wirele commun ication , and 
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• DC volts 

• AC volts 
• Ohms 

6'/ digits 
l00nV - lOOOV 
l00nV - 750V 
l00fln - 120Mn 
lOnA- 3A 
IfJA - 3A 

The industry's most advanced high-resolution DMMs all come 

with built-in switching mainframes ideal for production testing. 

This on-board scanner lets you easily begin testing up to 10 

measurement points with specified measurement performance. 

In addition, the 2000-20 version of the 2000 comes with 

20 channels. 

The 2000 Series DMMs share innovative 

AID converter design and unique front-end 

technology for high repeatability and accuracy. 

The Model 201 0 (7 '12 digits) has capabilities 

for high-speed production testing of active 

and passive components and subassemblies 

at a breakthrough price. The high performance 

Models 2001 (7 '12 digits) and 2002 (8 '12 digits) deliver excep

tional resolution, accuracy, and sensitivity combined with high 

throughput at thousands less than comparable instruments. 

For complete specs on these DMMs, a full-line catalog, or 

to talk with an Application Engineer, contact Keithley 

today at 1-888-534-8453. 

Visit our website at www.keithley.com 

KEITHLEY 

7'/' digits 
IOnV -1100V 
l00nV - 775V 
lfln-ICn 
10pA- 2.lA 
lOOpA- 2.1 A 

8';' digits 
InV - ll00V 
lOOnV-775V 
lOOnn-1Cn 
lOpA-2.1A 
!OOpA-2.IA 
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Patch Antenna (Polyester Film 
Coated on Top With Electrically 

Conductive,Transparent Material) 

Note: 
a= 53 mm 
b = 37 mm 
d=8mm 
W= 2mm 

Ground Plane (Polyester Film 
Coated on Top With Electrically 

Conductive. Transparent Material) 

Poly(methylmethacrylate) 
Block 

OPTICALLY TRANSPARENT PATCH WITH MICROSTRIP LINE FEED 

Surface-Launch. 50-n Coaxial 
Connector as Probe Feed 

Patch Antenna (Polyester Film 
Coated on Top With Electrically 

Conductive,Transparent Material) 

Ground Plane (Polyester Film 
Coated on Bottom With Electrically 
Conductive. Transparent Material) 

OPTICALLY TRANSPARENT PATCH WITH PROBE FEED 

Figure 1. Coated Polyester Films Cut to Required Patterns can be used to construct optically transparent patch antennas. These are only two examples of 
the unlimited number of antenna configurations. The poly(methylmethacrylate) block and aluminum plate in these examples are used for mechanical sup
port only; in a typical application, the support would be a window or other t ransparent object. 
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SERIES 
GRAPHIC RECORDER 
The BR paperless recorder 
form CHINO offers easy to use 
configuration and a wide va 
of displays/screens. 

CHINO 
C HINO Works A Ine rica Inc. 

Victoria Business Park 
18005 S. Savarona Way, Carson, CA 907 
Phone: 323·321·3943 · Toll Free: 888·321 
Fax: 31 0·532·71 95 
Website: www.chinoamerica.com 

For More Information Circle No. 413 ASA Tech Briefs. December 1999 



Transparent 
Microstrip Feed 

OPTICALLY TRANSPARENT SLOT-RING ANTENNA WITH ELECTROMAGNETICALLY 
COUPLED FEED ON GLASS SUBSTRATE 

Transparent Patch 

OPTICALLY TRANSPARENT PATCH ANTENNA WITH DIRECT FEED ON GLASS SUBSTRATE 

Figure 2. Conductive Transparent Films on Glass Substrates can be deposited t hrough photoresist 
masks in patterns required for antenna patches. 

the in pu t impedances are well matched 
to the practical and commonly sought 
value of 50 ohms. 

This wurk was don<t "y Richard Q Lee of 
Glenn Research Center and Rainee N. Si
mons of NYMA, Inc. For further infornuv 
lion, access the Technical Support Pack
age (TSP) free on-line at www.nasat<tch.com 
under the Electronic Components and Systems 
category. 

Inquiries concerning rights for the com
mercial use of this invention should be ad
dressed to NASA Glenn Research Center, 
Commercial Technology Office, Attn: Steve 
Fedor, Mail top 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-16574. 

D Wireless Information Network 
John F Kennedy Space Center, Florida 

A wirele in formation network 
(WIN) is undergoing development for 
use by workers at locations cattered 
across Kennedy Space Center (KSC). 
Thi WIN could be a prototype of a 
larger network that would serve a ll of 

ASA; b . logical CXlen ion, il could al 0 

be a prototype of commercial WIN . By 
use of a combination of commercial 
hardware and CUSlom software, LItis \-\TIN 
would give KS personnel acce to the 
main KSC information sy tern, elec
tronic mail, and other productivity-en
hancing computational capabilitie . The 
software includes the IP WITCH appli
cation program, which is compatible 
with the Window 3.1. 95, and T oper
ating systems. IPSWITCH enable the 
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user to lore several network-configura
tion profiles for a compmer work sta
tion, making it po ible to reconfigure 
the computer rapidly to operate on dif
ferent uhnetworks. When dle user tarts 
tJ1C execution of IPSWITCH under Win
dows, the program generates an interac
tive di play, through which the user can 
create, edit, and save five different Inter
net Protocol (IP) configmations for 
each ubnetwork interface. 

This work was done "y Mark ullivan for 
Kennedy Space Center. For more informa
tion please contact Kevin Jackson at Senlei 
Curporation, 225 Reilll'kers Lane, Suite 500, 
Akxandria, WI. 22314, tel. no. (703) 739-
0084 or e-mail kjackson@sentel.cmn 
KSG-11964 

www.nasatech.com 

Zero to 
C/C++ 
• In no 
time. 
U se industry-standard MATLAB to design, 

develop, and refine your applications. Then 

use the C/C++ Compiler Suite to convert 

them into standalone C or c++ code. 

MArlAB CjC++ Compiler Suite includes: 
• MATLAB Compiler - automatically generates 

C/C++ code from programs written in MATLAB 

• C/C++ Math Library - contains 350 MArLAB 

math functions accessible from C/C++ 

• C/C++ Graphics Library - embeds MATUS 

graphics and GUIs in your C/C++ code. 

Compile 

ClJmplete 

MATLAll 

appliCJuions, 

li~fhis 

jignal 

prowsing 

t!XIltnplt, into 

Information and demos on the Web. 
For product information, or to buy online 

now, visit www.mathworks.com/ntbc. 

MAT LAB a 

508-647-7000 • www.mllfhworks.comjntlK 
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tj Software for Setting Up Equipment for Testing Rocket Engines 
Tedious manual test procedures are replaced by programmed, automated procedures. 

tennis pace Center, MississiPPi 

A computer program has been devel
oped to horten the time needed to et 
up electronic instrumentation for a hot
fire te t of a rocket engine. The in tru
mentation in que tion i a modular, 
partly computer-controlled apparatus, 
the modules of which contain amplifier 
and other signal-conditioning circuits. 
The apparatus proce ses ignals from 
strain gauge and other en ors. 

Before thi program was developed, 
the module could be et up only 
through a controller front panel. Signals 
from external ource were introduced 
by un patching input terminals and ap
plying the ignals to amplifiers. The 
train-gauge modules are programmed 

digitally by u e of bytes called "option 
byte ." Before the program was devel
oped, the values of option byte needed 
to balance train-gauge bridge-circuit 
readouts were found by trial and error. 
In the case of a thermocouple ignal 
conditioner, it was necessary to discon
nect cables to read the true output volt
age. For these and other reason, the 
time needed to set up the instrumenta
tion for each test was too long. 

The program can be used to et up 
every module needed for a te t. Both the 
amplifier and the remaining signal-con
ditioning circuitry in each module can be 
adjusted by use of this software. Each 
module can be programmed for any de-

ired gain etting and calibra
tion tep. It i no longer nec
e ary to re on to trial and 
error to balance strain-gauge 
bridge circuits (see figure). 
Programmable strain-gaug
balance reports and ystem-

,. Option Byt£' Calculation ... n £i 

J-IO __ -====::!..II 0IIIIIs 

...flllftlelrtde£ ,...:�°----..... 1.,... 

tatus reports can b gener
ated to reduce etup time. 
The program can display real
time data, both numerically 
and graphicall , and can dis
play the internal memory of 
the test apparatus; the e capa
bilitie can be utilized to diag
no e any suspected defect in 
a measurement or in the en
tire testing system. 

........ r6eft ,..X.;..l ______ .... , 

.. ~~ ~Io~--------------' 

A unique feature of tlli 
program is that setup infor
mation i sent from tlle com
puter that run the program, 

The Option Byte Calculation subprogram generates this display. 
This subprogram calculates the value of the byte needed to bal
ance a bridge circuit in a strain-gauge module. 

via a erial communication port, to a 
hand-held "dumb" terminal that in
clude a small di play screen and a key
pad, which re emble that of a pocket 
electronic calculator. Thi feature make 
it po ible to perform the te t eUlp from 
either the computer or the dumb termi
nal. The dumb terminal di play as many 
as four line of information from a test-
etup-window di play on the computer 

terminal. Each key on the keypad corre
spond to a button in the te t- etup win-

dow. A technician can easily move to and 
adjust a module while viewing the di play 
on the dumb terminal. 

This work was done by Michael W. Burge 
oj Rocketdyne Division oj Rockwell Jor Sten
nis Space Center. 

Inquiries concerning rights Jor the commer
cial use oj this invention should be addressed 
to the Technology TransJer OJfice, Stennis 
Space Center, Attn: John Bailey (228) 688-
1660. ReJer to SSGO0093. 

tj Software for Environmental Monitoring in a Large Facility 
John F Kennedy Space Center; Florida 

Four computer program enable the 
nearly real-time distribution, analysi , and 
display of data on temperature, relative 
humidity, and particle fallout measured 
by en ors in the Orbiter Proce ing Fa
cility (OPF) and the Launch Pad Payload 
Changeout Room (PCR) at Kennedy 

pace Center. The previous environmen
tal-monitoring oftware distributed data 
only once per hour; did not provide for 
rapid, automated analysis; and was not 
flexible enough to accommodate new 
sen or . nder tlle pre ent oftware, 
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readings are taken from the ensors every 
2 minute and transmitted over local-area 
networks to a erver computer. Any com
puter on the network can display the data 
as both numerical value and color 
(green, yellow, or red for within, a1mo t 
out of, or out of pecification, re pec
tively). Out"f-specification data is also 
signaled by audible beep. Optionally, 
daily graph of data can be di played. The 
programs, written wim LabVIEW oft
ware, are modular and can b modified 
easily to accommodate new en ors, 

www.nasalech.com 

change the sampling interval, enable or 
disable audible alarm , or rescale graph . 

This work was done by Paul Berry and 
Chuck Hamden oj United pace Alliance Jor 
Kennedy Space Center. For Jurther infor
maticm, access the Technical upport Package 
(TSP) free orvline at urww.nasalech.com 
under the oftware category. 

Inquiries concerning rights for the commer
cial use oj this inventicm should be addressed 
to the Technology Programs and Commercial
ization OJfice, Kennedy pace Center, (407) 
867-6373. ReJer to KSC-12008. 
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F EE Limited-Time Trial Version of Algor's 

Release 12 software is Algor's most comprehensive release 
since 1990. Release 12 features seamless integration with 
CAD and an all-new single user interface for Finite Element 
Analysis (FEA) so you can control all of Algor's modeling and 
analysis software from within Superdraw III. Each data input 
screen has real-time data checking to prevent input errors 
during an FEA. The Release 12 interface also features unit 
definition and context-sensitive help. An all-new material 
library system and improved engineering capabilities sup
port the new user interface. Release 12 includes hundreds of 
improvements to make your engineering accurate and easy. 

Now you can download a free limited-time trial version of 
Algor's Release 12 software. The download includes a com
plete version of Release 12 so you can try out Algor's wide 
range of engineering and simulation software from a simple 
Linear Static Stress Analysis to a Nonlinear Material 
Analysis, Physics-based Mechanical Event Simulation or 
Multiphysics Analysis. You can also try out Algor's new 
seamless integration with CAD using Houdini. Then select 
from Algor's three types of automatic FEA solid meshes: 
tetrahedral; all-brick or hybrid, with bricks on the surface and 
tetrahedra inside. Algor's automatic meshers work from the 
surface inward, creating a higher-quality FEA solid mesh 
with the best-shaped elements on the model's surface where 
stresses tend to be the greatest. 

The download also comes with tutorials that give you a 
guided tour of this new software. These tutorials are avail
able for a variety of analysis types and take you through an 
analysis from beginning to end, demonstrating the features 
and capabilities of Release 12 as you go. 

See for yourself how easy and accurate our Release 12 
software is by downloading it from www.algor.com and try
ing it for a limited time for free. Or call us at 
+1 (412) 967-2700 or complete the form below to request a 
demo CD-ROM. 

Seamless CAD-interfacing makes usin~ your CAD solid models for FEA, 
Multiphysics and Mechanical Event Simulation easy by running Algor 
from within the CAD solid modeler. 

Superdraw III, Algor's single user interface for FEA, controls all functions 
for modeling and Fin~e Element Analysis or Mechanical Event Simulation. 

Algor's downloadable keystroke-specific Morfals give you a walk-through 
demo of Release 12. Tutorials can be printed out or viewed on the screen 
as you work. 

Unlike other engineering software trial versions that are limi1ed. the trial 
version of Algor's Release 12 software contains complete Unear and 
Nonlinear FEA Stress Analysis and multiple Physics-based Mechanical 
Event Simulation software packages including stress and motion, heat 
transfer, nuid flow and electrostatic capabilities. 

r---------------------------------------------------------------, 
lGet a F demo video and CD-ROM from Algor. www.algor.com l 
, or InfoOalgor.com , 
lComplete this form and fax it to: +1 (412) 967-2781. +1 (412)967-2700' , , 
lName Company ______________________ ___ 

lAddress, __________ ________________ __ _ 
I l City State/Prov Country ZiplPostal Code. _ __ _ 

lPhone Fax E-mail (reI12-us) L __ ____________________________________________________________ _ 

When the Engineering 
HBs to be Right 

Algor, Inc. 
150 Beta Drive, Pittsburgh, PA 15236-2932 USA 
Phone: +1 (412) 967-2700 
Fax: +1 (412) 967-2781 
California: +i (714) 564-0844 
Europe (UK): +44 (1784) 442 246 
E-mail: info@algor.com 
Web: www.algor.com 

For More 'nformatlon Circ'e No. 525 or Visit www.nasatech.comiAlgor 5 



Sputter Deposition of Catalysts for Fuel-Cell Electrodes 
Sputtering offers advantages over other deposition techniques. 

liSA s Jet Propulsion Laboratory, Pasadena, California 

An improved method of fabricating 
electrodes for fuel cells include the use 
of sputtering to deposit thin layers of cat
alytic electrode metals. Previously, cat
alytic electrode metals were deposited by 
means of inks and decals - means that 
are not amenable to mass production. 
The sputtering process used in the im
proved method is better suited to mass 
production. Sputtering also increase the 
efficiency of utilization and thereby de
creases the needed amounts of the cat:
alytic electrode metals, which are expen
sive noble metals; whereas the catalyst 
loadings needed in electrodes made by 
older methods ranged between 4 and 12 
mg/ cm' , the catalyst loadings needed in 
electrodes made by the improved method 
range from 0.5 to 1.0 mg/ cm· . 

. The improved method has been 
demonstrated in the fabrication of mem
brane/ electrode assemblies for direct 
methanol fuel cells. Such a membrane/ 
electrode assembly includes a proton
conducting solid-electrolyte membrane 
sandwiched between two electrode lay
er. The membrane is made of the 
ion orner Nation'" (or equivalent) - a 
perfluorosulfonic acid-based hydro
philic, proton-conducting polymer. The 
electrode layers are made of carbon 
paper coated with catalytic noble metals; 
Pt for the cathode and an alloy of Ru/ Pt 
for the anode. 

Fabrication according to the improved 
method begins with air drying of the 
ionomeric membrane for 24 hours, fol
lowed by vacuum drying for 30 to 60 min
ute . The membrane is mounted in a 
sputtering chamber, with one side facing 
up or down toward a target made of one 
of the noble-metal electrode materials 

( ee figure). The chamber is evacuated, 
then backfilled with argon to a pressure 
between 10 and 50 millitorr (between 1.3 
and 6.7 Pa). The putteling proce is ini
tiated by applying a high voltage between 
the target and the chamber wall. The 
sputtering process is continued for an 
amount of time (typically ranging up to a 

High-Voltage 
Power Supply 

+ 

Target Atoms 
Deposited on 

Substrate '" 

is puttered into both sides of one heet 
of carbon paper, and Pt/ Ru is puttered 
onto both side of the other sheet of car
bon paper. Both sputter-coated carbon 
papers are coated with a solution that 
contain the ionomer in a liquid form. 
Then the membrane is sandwiched be
tween the coated carbon papers and the 

'-Argon 

Vacuum 
Pumps 

and 
Controls 

Sputtering
Chamber 

~"'-"-':""'<""<".£..L.J!J 

Substrate (Ionomeric 
Membrane or Carbon Paper) 

Sputtering in Argon Plasma is a superior technique for deposition of catalytic electrode metals (Pt 
and Ru/Pt) on ionomeric and carbon-paper substrates used to make membrane/electrode assemblies 
for fuel cells. 

few hours) that depends on the desired 
catalyst loading. Upon completion of 
puttering, air is readmitted to the cham

ber and the membrane is removed. 
The foregoing proce is repeated to 

coat the other side of the membrane 
with the other noble-metal electrode 
material. Then using sheets of carbon 
paper (instead of the ion om eric mem
brane) as the deposition ubstrate, the 
proces is again repeated, except that Pt 

sandwicll is pressed at a temperature be
tween 140 and 150 DC to obtain a mem
brane/ electrode assembly. 

This work was done by Barbara JeJfties
Nakamura, William Chun, Sekharipuram 

arayanan, Ronald Ruiz, and Thomas 
Valdez oj Caltecl~ J(fr NASA's J et Propul
sion Laboratory. For Jurther inJonnation, 
access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Materials category. NPO-20250 

Organic/Inorganic Coats for Packaging of Microelectronics 
Thin conformal coats are alternatives to heavier, bulkier conventional hermetic packages. 

liSA's Jet Propulsion Laboratory, Pasadena, California 

A method for protective packaging 
of multichip modules and related as
semblies of microelectronic circuitry 
involves coating the as emblies with 
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compo ite organic/ inorganic layers 
only 1 to 2 mils (0.025 to 0.05 mm) 
thick. The method is suitable for a vari
ety of advanced packages of microelec-

www.nasatech.com 

tronic circuitry, including "chip-on
flex" circuitry, "smart" card, llip-chips, 
flip-flips (fli p-chips assembled onto 
ball-grid-array sub trate ), and uch 
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three-dimensional as emblies as 
stacked memory array. 

Older methods for protective pack
aging of electronic circuitry include 
the following: 
• Conventional hermetic ealing in 

metal or ceramic. Thi method pro
vides effective protection. However, 
conventional hermetic enclosures 
add con iderable weight and are rela
tively bulky [0.15 to 0.25 in . (4 to 6 
mm) deep]; thus, conventional her
metic ealing defeats advances in 
miIllaturization. 

• Encap ulation in epoxy. Epoxy en
capsulants can be applied to depth 
about one-fourth of those of conven
tional ht'rmetic package , but even at 
these depths, they add unacceptable 
amounts of weight and bulk. Epoxies 
are too rigid for u e on the new gen
eration of flexible multichip mod
ules. Epoxies are al 0 susceptible to 
penetration by moisture; in other 
words, they do not necessarily pro
tect the packaged circuitry against 
moisture. 

• Vapor deposition of a thin film of 
parylene (a thermoplastic polymer 
made from para-xylene). Such a film 
is susceptible to penetration by mois
ture and to thermal oxidation at tem
peratures greater than approximately 
120 °C. 
In the pre ent method, one coats the 

a sembled circuitry with a thin film of 
parylene, followed by a thin film of sil
icon oxide or silicon nitride (see fig
ure). Both the organic (parylene) and 
inorganic (silicon-ba ed) films are de
posited at relatively low temperatures 
(between 25 and 100 °C). The outer in
organic film acts as a barrier to mois
ture and protects the underlying or
ganic film again t oxidation at 
temperatures up to 200 °C or even 
omewhat higher. The thin composite 

organic/ inorganic film thus afford al
mo t as much protection as doe heav
ier, bulkier conventional hermetic 
packaging. The co t of depo iting the 
composite organic/ inorganic film i a 
mall fraction of the cot of com'en

tional hermetic packaging. 
Although two-layer coats of the type 

de cribed above are viable. the inor
ganic outer layers can be broken b~ 
mechanical handling. Therefore, it can 
be de irable to deposit a third (inter
mediate) layer for protection again t 
mechanical stres (the third layer al 0 

provide additional protection again t 
oxidation). For example, one can de
po it a ba e organic layer of Parylene C 
(a commercial type of parylene), fol
lowed by a econd organic layer of y
c10tene [or equivalent poly(benzocy-
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Inorganic Coating (e.g., Silicon Nitride) 

Solder Ball 

Coated Flip-Chip Assembly 

A Composite Organic/Inorganic Coating protects the flip-chip assembly at a fraction of the cost of 
conventional hermetic packaging. 

c1obutene)], followed by an outer inor
ganic layer. 

In the three-layer case de cribed 
above, one must take special care to 
cure the second organic layer accord
ing to the manufacturer's specifica
tions, to (1) avoid compromising the 
base organic layer, (2) ensure a full 
cure to make the second organic layer 
relatively invulnerable to oxidation, 
and (3) ensure a smooth, hard second 
organic layer, over which the final inor
ganic layer can act as an effective bar
rier against oxygen. The ba ic concept 
can be extended to four or more layers, 
provided that due consideration i 

given to adhe ion and compatibility be
tween layers. The concept can also be 
extended to include other materials: 
For example, other inorganic coating 
materials that have been considered 
but not yet evaluated include silicon 
carbide, ilicon oxynitride, and zirco
nium oxide. 

This work was done ily Frederick Pool 
andJames Licari of Caltechfor NASA's Jet 
Propulsion Laboratory. For further in
formation, access the Technical Support 
Package (TSP) free on-line at www. 
nasatech.com under the Materials category. 
NPO-20304 

The best your NIl.'· 
analysis can be ~ 

Numerical Libraries Features 
• templates for each and every routine gets your 

programs up and running fast 
• cut and paste sample data, programs and results 
• broad coverage of mathematics and statistics 
• new releases on a regular basis 
• Windov.®98/ NTfM, Unux & UNIX 
• extensive on-line documentation 
• one year support included 

Medical Fortran 77 Library C Library 
Parallel Library & F95 Compiler 

rer - extensible software for analyzing and presenting data 
Collaborative visualization + Visual programming environment • 

VRML for web viewing + Extendable functionality + Modules & Widgets 
Solid contouring for 2D & 3D data • Demo maps • Texturing + OpenGL + 

N~· NUMERICAL ALGORITHMS GROUP 
info-ntb@nag.com · 630-971-2337 • www.nag.com 

For More Information Circle No. 415 47 



SOI--7~) SOl 
Analog~ ~Analog 
DigitaH Digital 
Component Co ponent 

Transmit 128 channels 50- miles over I fiber 

strand orsend Uncompressed 4:2:2, SDI, 

Broadcast Quality Video. Ideal uses are: 

• Video Transmissions . Facility Links 

• Campus/Traffic/Transit Video Security 

• Computer Modules, Inc. 
2350 Walsh Avenue T 408.496.1881 
Santa Clara CA 95051 F 408.496.1886 
broadca.sT@compumodules.com 

www.compumodules .com 

• BLADDER TANKS 'AIR CEllS 
• DIAPHRAGMS' ACUATO 
• Bmows , FUEL CELLS 
• STRESS TEST BLADDERS 
• CUSTOM INFLATABLES 
• PNEUMAnc / HYDRAUUC PRESSES 
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0 Boundary-Layer Rake of Pitot Tubes 
for Flight Testing 
This rake is expected to generate valuable data 
in forthcoming flight experiments. 

Dryden Flight Research Center, Edwards, California 

boundary-layer rake of pitot tubes 
ha been de igned and built for in lal
lation on a flight-te t fixture (ITF) on 
the ASA Dryden F-15B, which i a 
two- eat ver ion of the F-15 high-per
formance , uper onic, all-weather 
fighter airplane. Thi boundary-layer 
rake will be used in flight-research pro
jects in which there are requirements 
for detailed urveys of the turbulent 
boundary layer. A de ign feature 
unique to thi rake is a curved rake 
body; thi feature make it po ible to 
cluster the pitot tube in the near-wall 
region more densely than they can be 
elu tered in conventional rake. Re-
ults of test have hown that this rake 

exhibits good aerodynamic perfor
mance and that it i operationally 
rugged . 

To give the rake its complex three-di
men ional shape (see Figure I) , it was 
nece ary to re ort to innovative olid
modeling and machining techniques. 
Starting from a three-view conceptual 
sketch , a three-dimen ional olid model 
was constructed by u e of the ProEngi
neer solid-modeling computer-aided de-

COMPLETE RAKE 

ign/ computer-aided manufacturing 
(CAD/ CAM) oftware package. This 
oftware package was u ed throughout 

the entire design and machining proc-
e , en uring accurate machining of the 
rake from the three-dimen ional olid 
model. After a olid model was created 
in ProEngineer, a computer-controlled 
wire electrical-di charge machine (EDM) 
wa u ed to cut the basic hape of the 
rake out of a olid block of aluminum 
alloy 2024-T351. 

The rake was then machined on a 
computer numerically controlled 

C) milling machine. First, the base 
of the rake wa machin d for flu h 
mounting on a flat surface. To make 
room for the installation of the pitot 
tube, a cavity wa machined in ide the 
rake body. Pitot-tube-mounting hole 
were drilled on the leading edge of the 
rake, then the leading edge was ta
pered to a harp angle. To clo e off the 
cavity in the rake body, an aluminum 
cover wa created on the wire EDM. 

After the machining proce , all parts 
were deburred, in pected, and then an
odized to provide protection from cor-

RAKE WITH COVER OFF 

Figure 1. The Curved Shape of the boundary-layer rake makes it possible to cluster the pitot tubes 
more densely in the near-wall region. 
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Data Acquisition 
16-Bit Performance 

2-Bit Price! 
Two 16-bit, 1 OO-kHz waveform-capable 

analog outputs 

700% digital calibration on a/l ranges 

76 analog inputs, expandable 
up to 256 channels 

Synchronous scanning 
of analog, digital, 
& counter inputs 

up to 200 kHz 

Over 30 signal conditioning & eX(.lOnsiori 
options for direct measurement of 

thermocouples, RTDs, strain gages, 
accelerometers, & much more 

DaqView'" software for 
Out-of-the-Bo setup 

& instant operation 

Drivers for WindowS' 
95/98/2000/NT, LabVIEW, 
TestPoin~, & DASYLafJ' 

These astonishing features and value are the 
outcome of over 15 years of experience developing 
data acquisition products, including signal 
conditioning and softwara Visit our Web site at 
www.daqboard.com to learn more about the 
DaqBoard/2000, and to place your order directly. 

On-board supply a/so powers 
/ externa.l signa~ conditioning & 

expansIOn optiOns 

PC/-bus mastering for 
continuous streaming 
af input & output data 
synchronously 

Pre- & past-triggering 
on analog, digital, & 
digital pattem 

16-bit, 200-kHz digital 
pattern generator 

40 digital I/O lines, expandable up to 208, 
including isolation & relay closure options 

6 counter/timer channels 

Contact us today for 
your FREE year 2000 
Data Acquisition & 
Instrumentation 

Catalog 

www.daqb o ar d.com 
For a complete listing 01 IOtech worldwide sales offices, see 

wwwJotech.com/sales.html 
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-Portable 6- , 
Measurements 

Attach the new WaveBook/516~ to your 
notebook PC for portable, 16-bit measurements 
up to 1 Msamples/s. Start with eight built-in 
channels, and easily expand up to 72, including 

direct-connect signal conditioning for strain 
gages, IC -style accelerometers, and more. 

• External clock input 
• Multichannel analog triggering 
• Digital-pattem triggering 
• Pulse-amplitude & pulse-width triggering 
• Pre- & post-trigger modes 
• WavePort'" model for rugged field applications 

Included Out-of-the-Box'· WaveView'" software 
converts your PC and the WaveBook/516 into 
a compact, multichannel waveform analyzer, 
streaming data to your PC's hard drive in real 
t ime. Windows· 98/ NT drivers, as well as 
labVI and DASYlab· support, are also included. 

IOtech has been the undisputed leader in portable, 
notebook PC-based data acquisition for nearly a decade. 

Visit our Web site at 
www.wavebook.com 
and see why the 

WaveBook/516 is first in 
its class. For a demo or 

30-day evaluation, contact 
our sales department at 
1-888-805-3020 or 
sales@iotech.com. 

Out-of-lh~· Box. WaveBook/S 16, & WaveVtew are trademarks of IOlech, Inc. All others are trademarks or registered trademarks 
of their felpective holders. 

www.wavebook.com 
For a complete listing at IOtech wor1dwide sales offoces, see 

www.lotech.com/sales.html 
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Factors that Make 
Encoders Effective 
If well understood, 
linear and rotary encoders 
can augment positioning
system performance. 

T
he need to improve the position
ing capabilities of a motion table 
frequently leads a designer to 
incorporate measurement trans
ducers, including resolvers and 

optical encoders, into the system. Such 
devices, when configured as the master 
measuring element, afford performance 
superior to that of the mechanical trans
mission elements, which double as both 
the drive and the gauge scale in lower
grade systems. But what is the degree to 
which such transducers can enhance sys
tem performance, and what are the fac
tors that determine their efficacy? 

A motion measurement transducer 
may be coupled either directly to the car
riage element of a positioning table, or 
indirectly through the drive shaft. In the 
latter case, knowledge of the rotary-to
linear transmis ion and gear ratios allow 
for computing the carriage position . 

Rotations Considered 
Consider a rotary indexing table 

whose bearing-supported carriage is dri
ven by a worm crew shaft and ring gear 
transmission , shaft support bearings, 
and drive-shaft coupling. The position
ing error of this mechanism is periodic 
with respect to the rotations of these ele
ments, and is noncumulative over multi
ple carriage turns. Po itional accuracy of 
a system who e encoder is coupled 
through the drive input includes com
ponents of uncertainty attributable to 
each of the drive train elements. These 

lIb 

include lead error of the drive screw, 
thermal expansion of the drive shaft, 
backlash between engaging compo
nents, system hysteresis due to coupling 
windup, and so forth . 

With the transducer coupled directly to 
the rotating carriage, the uncertainty asso
ciated with the transmission is essentially 
removed from the measurements; the 
positioning loop is clo ed at the carriage 

that provides correction of errors associat
ed with the drive train. The situation is 
similar in the case of a linear motion sys
tem, save for the need of a linear travers
ing transducer, which is required for 
direct measurement of carriage displace
ment. Linear transducers are essential for 
linear motor and piezoelectric motor-dri
ven positioners, which do not incorporate 
rotary-to-linear conversion transmissions. 

• 200 mm moves - Rotary Encoder 
Position Drift 
(microns ) 

300 

200 

100 

o 
25 50 

• 500 mm moves - Rotary Encoder 
• 200 mm moves - Linear Encoder 

75 100 
Move Cycles 
20 sec I cycle 

Figure 1. Positional deviations due to drive-screw frictional heating plotted in comparison to the 
results for the ident ical single·axis positioner equipped with a linear encoder. Short-move high-fre
quency motion profiles cause greater heating. which increases position uncertainty. These effects are 
substantially reduced with linear encoder feedback. 
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Given the necessary grating precision, 
the accuracy obminable with a carriage
coupled rotary encoder is primarily a 
function of the positional deviation with
in one complete romtion. The primary 
source of the error is the radial runout 
of the bearings that support the 
encoder. The achievable accuracy is 
inversely related to the concentricity of 
the disk with respect to the mechanical 
rotation axis. In general, attaining rom
tional accuracy of better than several 
arc econds requires concentricity within 
the range of 1 micron. lnstallation and 
alignment of a modular-type rotary 
encoder (one without its own bearings) 
to achieve this level of positioning is an 
exacting task. 

Linear System Accuracy 
Linear positioning mechanisms exhib

it accuracy that is inversely related to 
their stroke range. A linear motionl 
rotary encoder system may be compen
sated for drive-screw thread errors and 
play between interacting mechanical 
components. These are, however, vari
able due to wear, necessimting periodic 
recalibration. Candidates for particular
ly frequent readjustment include mater
ial cutting systems and any others that 
involve substantial axial force. Axial stiff
ness is required to sustain motor input 
torque and to minimize deformation 
along with the attendant reversal errors 
and dynamic inaccuracy. 

Consider a hypothetical screw-driven 
motion mble moving a workpiece in a 
metal-cutting application with the fol
lowing attributes: The stroke is 600 mm 
with full-stroke uncertainty of ±50 lim, 
and the axial stiffnes of the mble is 120 
N/ll. A total moving mass of 250 kg, 
move profile acceleration of 3 m/sec, 
and tool forces of 200 contribute an 
additional ±7.92 11 of positional uncer
tainty ascribable to deformation, yield
ing a total of approximately ±58 II when 
measuring inferentially through the 
drive input. 

In rotary encoded linear motion 
devices, positioning uncertainty is low
ered with increased axial stiffness, which 
is directly related to the preload forces. 
The co t, however. is higher friction and 
the re ultant heating e pecially evident 
in high-duty-cycle operations. Thermal 
distortion is a major source of mi posi
tioning that must be corrected or com
pensated for, particularly when the goal 
is high-accuracy linear movements. 
Thermal ex pan ion of teel drive-train 
components occurs at the rate of 4.75 
}lIm per ·C, with slight variability rela
tive to alloy compo itioD. A temperature 
rise of 15 ·C, if uncompensated, increas
es position uncertainty by more than 70 
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Figure 2. Two-axis optical encoder provides for 
planar position measurement. (Courtesy of 
Johannes Heidehain GmbH). 

Jl in a I-meter troke tem. Figure 1 
compare po itioning re ults for a }
tem u ing rotary and linear encoding. 
Drive- crew lead error tends to be cumu
lative, and the potential improvement in 
positioning u ing a linear tran ducer 
becomes increasingly advantageous with 
stroke range. 

An endo ed linear cale, in which the 
grating is premounted in a protective 
hou ing, is preferred for material-work
ing/ debris-generating operations. Ma
chined attachment pad on the housing 
les en the alignment problems at the 
expen e of friction at the interface 
between the reader/ eals/scale, which 
limits the attainable accuracy to the 
neighborhood of ±3 to 5 microns. With 
modular transducer, in which there i 
no physical contact between the cale 
and the reader, positioning accuracy 
within the limits of the grating pattern 
(±l Jl to ±O.l Jl) and the various align
ments i achievable. 

Geometri( Errors 
Analogous to the case of rotary mea

surements, linear positioning perfor
mance is related to the alignment 
between the encoder and the carriage 
motion axis; here the errors are a func
tion of parallelism with the magnitude of 
the elTor the cosine of the misalignment 
at any given point. Yaw motions (angular 
movement about the vertical axis of the 
moving carriage relative to the tranSduc
er), roll motion (angular movement 
about the direction of travel), and pitch 
motions (movements about the lateral 
axi that are unrelated to drive-screw 
thread pitch) give rise to additional com
ponents of uncertainty. The e "geometric 
errors" are magnified b any horizontal or 
\'ertical offsets between the transducer 
and the actual "work point" (also known 
as Abbe error). However the tranSducer is 
coupled to the po itioner, the degree of 
preci ion enhancement that may be real
ized with uch" ingle-axis sen ors" is fun
danlentally determined by the carriage 
support and the precise alignment of 
components in the tructure. It is impor-

2b 

3 microns 

B 

Figure 3. Coordinated two-axis linear motion to generate circular paths with rotary encoders on the 
drive train (A) and with linear encoders (8). Deviations from the desired ideal path indicate the error 
components of each linear axis. 

tant to note that a ingle-axi linear 
encoder cannot compensate for the e 
type of geometric errors. 

Two-axis planar encoders, as hown in 
Figure 2, provide direct measurement of 
x-y po mon over a limited range 
(approximately 250 x 250 mm). 
Metrology standards for multiaxjs 
motion (ASME B5.54-1992, eClion 
5.9.3, "Contouring Performance," etc.) 
are based on the tolerance in repeti
tively executing circular path with pec
ified loads and motion profile, tuning, 
etc. Circular path quality graphically 
accounts for the aggregate po itional 
uncertainty in a two-axi sy tem, reveal
ing reversal-error components and geo-

www.nasalech.com 

metric errors as hown in Figure 3. 
Motion-table a emblie with three or 
more degree of freedom cannot be cor
rected for structural/mi alignment 
uncertaintie with a po itioner-mounted 
transducer. Attaining patial accuracy of 
better than ±5 Jl with such complex sy -
terns require laser interferometry, laser 
Doppler velocimetry, or irnilar optical 
beam technique. 

For mOTe information, contact Matt 
Johnson, Product Manager for the Precision 
Systems Division of Industrial Devices 
Corp., 3925 Cypress Drive, Petaluma, CA 
94954; 800-747-0064; fax: (707) 789-
0175; e-mail: mattj@idcmotion.com; or 
visit www.idcmotion.com. 
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Heat-Driven Pulse Pump 
The only moving parts are two check valves. 
Goddard Space Right Center; Greenbelt, Maryland 

The heat-driven pulse pump has been 
invented in an effort to satisfy a need for 
pumps that can circulate heat-transfer 
fluids at low flow rates with high reliabili
ty over long operational lifetimes. The 
heat-driven pulse pump (HDPP) is so 
named because it generates pumping 
action by exploiting periodic (pulsed) 
heati.ng and vaporization alternating with 
cooling and condensation of the fluid to 
be pumped. To be amenable to pumping 
by an HDPP, a fluid must, therefore, be 

one that can be vaporized and condensed 
within a convenient range of pressure 
and temperature. Anhydrous anunonia is 
one example of such a fluid that could be 
useful in many applications. 

A basic HDPP includes a grooved 
cylinder, a wick, inlet and outlet check 
valves, strip heaters. and a cooling block 
(see figure). The cylinder and other 
parts are sized to suit the specific appli
cation. The two check valves are the only 
moving parts. 

-----------.-
I _----------, ( 

~ ' 
, , Fluid Circulation , I 

Loop , I 
Extruded Aluminum Cylinder , I ~ Inlet 

I I Check With Interior Grooves 
I I t% Valve / I I 1:% 

I l 
~ ~ \ - :::9f I--Polyethylene Wick 

:p:Ji 
OutietCheck 

I Valve Cooling Block .\/ StriP Heaters 

In a Heat-Driven Pulse Pump, part of the liquid to be pumped is vaporized, thereby forcing part of 
the remaining liquid through the outlet check valve. During subsequent condensation of the vapor, 
liquid enters through the inlet valve. The cycle is then repeated. 

With Newport you'll never 
worry about making false 
moves. That's because we 
make the world's most 
accurate precision motion 
control, vibration isolation 
and non-contact metrology 
equipment. 

Our linear and rotational 
stages deliver repeatable 
preCision in every position 
and axis, and come in all 
sizes. We also have con
trollers designed specifi
cally for integration into 
your test and measurement 
equipment. 

For critical measurement 
and inspection tasks, our 
non-contact metrology sys
tems give you accuracy, 

performance and ease of 
use those other hombres 
just can't beat. 

Even high-amplitude sub
hertz vibrations head for 
the hills. Because they're 
no match for the stabi I ity 
and protection that our iso
lation systems provide. 

So don't let your media, 
heads and drive assemblies 
be ambushed by unseen 
forces. Keep your process, 
and your drives, up and 
running with stages, con
trollers, Isolators and 
metrology systems from 
Newport and RAM Optical. 
Your source for precision 
solutions. 
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Initially. the cylinder is filled with the 
liquid phase of the fluid to be pumped. 
At the beginning of the pumping cycle, 
power is supplied to the strip heaters for 
a specified interval of time (pul e). 
During this interval. orne of the liquid 
in the cylinder vaporizes. The resulting 
expansion causes the pressure in the 
cylinder to rise and the outlet check 
valve to open. Once the pres ure rises to 
the point where it overcomes the pres
sure drop in the fluid circuit. the pres
sure forces some of the liquid through 
the wick and the outlet check valve; 
meanwhile. the liquid in the grooves is 
wicked toward the heater strips and sus
tains vaporization un til the heating 
power is turned off. 

When the heating power is turned off. 
the vaporization stop. The cooling 
block is used. if needed, to ensure that 
during this part of the pumping cycle, 
the temperature in the cylinder falls to 

somewhat below the saturation tempera
ture of the fluid-circu lation loop. This 
decrease in temperature causes some or 
al l of the vapor in the cylinder to 

3b 



conden e, and the concomitant contrac
tion and decreas in pre ure caus the 
outlet check valve to close and the inlet 
check val\'e to open. Th vapor i further 
conden ed b the cold liquid tllat enter 
through the inlet heck valve, 0 that the 
wick, groove , and interior pace of the 

linder become refilled with liquid. 
The ystem is then ready for the heat 
pulse that marks the beginning of tlle 
next pumping cycle. 

fluid-circulation tern can be 
made to include a pumping sub y tern 
tllat compri es three HDPP connected 
in parallel. To obtain continuous flow in 
tl1e portion of the fluid-{;irculation loop 

The application of 
is universal 

e 'temal to the pumping ub tern, the 
three HDPP are operated in equence, 
with two pump in the recovery (con
densation) part of the pumping cycle 
while the remaining pump i in the 
pul e (vaporization) part of the cycle. 

prototype tern of three HDPP 
with anh drous ammonia as tl1 pumped 
fluid was te ted in experiments. The pres-
ure drop in the fluid-{;irculation loop 

was 0.5 P i (3 kPa) . A variety of power et
tings, fluid pre ure, timing equence, 
and cooling-block temperature were 
inve tigated. The be t combination of set
tings determined in the e experiments 
was a cooling-block temperature of 15 ·C, 

Jonathan slides 
throughout industry. 

And it ' no wonder. We've been first in 

4b 

indu trial lide de ign for over 40 years. With 
our unbeatable combination of engineering kills and 
customer ervice focu , you can count on Jonathan to meet 
your de ign and delivery expectation every time. 

If you need custom de ign or modification to tandard 
!ide , nobody can match our ability to quickly re pond to your 
pecific requirement .And all of our most popular models are 

a ailable right off-the- hel£. Our !ide are built to tand up to 
the cycling requirements of your toughe t indu trial end use 

Give u a call or e-mail today. lide Jonathan quality and 
durability into your rna t demanding application . 

.~~~ .. ~. 
FIRST IN INDUSTRIAL SLIDES 

1101 outhAcaciaAvenue ' FuUerton,California 92831 
Phone: 714/5264651 • Fax: 714/ 73·5582 

Email: marketing@jonatharunfg.com • Web: www.jonatharunfg.com 

For More Inf o rmation Circle No. 604 

saturation pre ure of 2 pia (193 kPa 
ab olute), and heater power of 50 W 
applied to each pump during 30-second 
pulse . With these ettin ,the tempera
ture in each pump varied inusoidall 
between 29 and 35 · , and the flow rate 
was 14 gran1 per minute, which would 
provide 300 W of continuous heat dissi
pation. Thi combination of ettings did 
not allow an pump to become full 
flooded before heating power was resup
plied, 0 that liquid ,vas pu hed out 
quickly when the heat was turned on. 
Thi concept would al 0 be applicable to 
a microgravity environment. 

This work was done by Steve Matthew 
Benner oj Goddard Space Flight Center 
and Mm10 antos Martins oj Jackson & 
Tull. For Jurther inJonnation, access the 
Technical Support Package (TSP) free on
li7le at www.nasatech.com under the 
Machinery/Automation category. 

This invention is owned by ItSA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
Jor its commercial development should be 
addressed to the Patent Counsel, Goddard 
SPace Flight Center; (301) 286-7351. 
ReJer to GSC-13739. 

Small-Stroke, 
High-Frequency 
Reciprocating Pump 
Without a sliding piston, the 
pump could be highly reliable. 

Lyndon B. Johnson Space Center; 
Houston, Texas 

A proposed reciprocating pump would 
operate at a mall stroke and would con
tain no liding parts. The oscillatory 
motion of a piston in the pump could be 
provided by a magnetosmctive actuator, 
for example. 

To compensate for its mall stroke, the 
pump would have to operate at a high 
frequency at which rno t check valve do 
not work well and at which the pump 
would be en itive to trapped air if its pis
ton area were mall. Valve efficiency 
could be increased by use of flapper 
valve or nozzle . Effective piston area 
could be increased, without increasing 
the diameter of the pump, by use of mul
tiple piston or a helical piston. 

This work was done by A man Rieger, 
Michael J. Gerver, Ralph C. Fenn and 
Dariusz Bushko oj aleon Technology Corp. 
Jor Johnson Space Center. 0 further doc
umentation is available. 
M C-22462 
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We Build More than 
Precision Slides. 

We Build Solutions. 
Your job is to solve 
problems, not create 
them. That's why ifs 
crucial to select the 
appropriate slide for 
your projects. Not 
just any slide, 
Accuride slides. 
Durable ball bearing 
slides that set the 
standard for smooth, 
precise movement 

and innovative design. 

As the world's largest manufacturer of 
precision ball bearing slides, Accuride 
has the right solution for virtually any 
project Whether you're working on 
industrial storage, data processing or 
specialized mechanical design 

applications, you can count on 
Accuride for every size, mounting 
option and load rating you'll ever need. 

Model 9301 is a classic example. This 
heavy duty, full extension slide has a 
SOD-pound load rating and is available 
in lengths up to 60 inches long. Of 
course, it's just one of many solutions 
Accuride provides. 

CallS62.903.0200 now for your solution. 

~ccuride® 
Accuride International Inc. 

12311 Shoemaker Avenue . Santa Fe Springs, CA 90670 
562.903.0200 • fax: 562.902.0208 

For More lnformatlon Circle No. 601 



Integrate stepper motor 
control Into measurement 
applications - choose 
NatIonal Instruments motion 
hardware and softwarel 

ValueMotIon'" Stepper Boards 
• 1 to 4 stepper axes/board 
• Onboard processor for 

real-time control 
• Multiaxis coordinated control 
• Full, half, and microstepping 
• Step and direction or 

CW/CCWoutputs 
• Quadrature encoder 

feedback 
• Position breakpoints 
• For CompactPCI, PXI-, 

PCI , or ISA 

Easy-to-Use Commands 

Point-to-point 
position mode 

Velocity profiling 

Linear 2D/3D vector 
interpolation mode 

Graphical Motion Software 
• LabVIEW" 
• BridgeVIEW 

Call today fo, 
you, FREE Motion 

Products Guide 

NATIONAL 
INSTRUMENTS· 

www.ni.com/motion 

(800) 327-9894 
Tel: (512) 194-0100 • fax: (512) 6IG9300 
infoCnI.com 

For More Information Circle No. 603 

Alternative One-Time-Opening 
Miniature Isolation Valve 
Valves like this one could be used in microspacecraft propul
sion and chemical analysis. 
NASA s Jet Propulsion Laboratory, Pasadena, California 

The figure depicts a propo ed minia
ture, electrically actuated, one-time
opening isolation valve that would be 
made mostly of silicon, by use of 
micromachining techniques. I olation 
valves are needed in system in which 
fluids must be stored for long times until 

use, with no leakage or contamination 
prior to relea e. Miniature isolation 
valves like this one could serve to control 
the release of propellant liquids or gases 
in microspacecraft, or of stored chemi
cal reagents in portable in situ chemical
analysis apparatuses. Eventually, such 

Low-Thermal-Expansion Glass 

Doped Silicon Epilayer 
(Part of SOl Layer) ~ 

Outlet 
<> 

Constriction in Membrane~ 
at Inlet Location 

. ~ Inlet· Blocking Membrane 
Low·Thermal-Expanslon Isolated From Rest of 

Glass Doped Silicon Epilayer 

Holes for 
Electrical Leads 

Outlet 
<> 

EXPLODED VIEW 

Membrane Blocking Inlet 
Filter 

Three Sublayers 
of SIO Layer 

Low-Thermal
Expansion Glass ---... 

~~~~~£?~~~~~hf"rtn~~~~~~~~ 
Bulk Silicon 

Oxide Insulator ---"'~~~$¥~i$~~S;5~:¥~~$~ 
Doped Silicon Epilayer--r 

Low_Thermal_--'....L~"-..£....L 
Expansion Glass Outlet 

CROSS SECTION (not to scale) 

The Doped Silicon Membrane Blocking the Channel would be melted electrically to open the channel. 
According to the concept reported in the noted prior article, a channel would be blocked by a silicon 
plug doped through part of its thickness. Unlike the plug, the membrane in this design would be like
ly to melt completely. 
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apparatuses may include one-rime-use 
biocbemical-analysis chip . 

The proposed valve would function 
similarly to the one de-scribed in "One
Time-Opening Miniature Isolation 
Valves" (fPO-19927), itSA Tech Briefs, 
Vol. 21, 0.2 (February 1997), page 4b. 
However, the design and thus the details 
of the micromachining proces would 
differ. Like the previously reported 
valve, the propo ed valve would contain 
a flow channel blocked by an electrically 
conductive barrier made of doped sili
con. Metal electrical leads would con
nect the barrier with a valve-opening 
electrical circuit. To open the valve, the 
circuit would supply enough electrical 
current to melt the barrier. The pressur
ized up-stream fluid released by melting 
of the barrier would carry the barrier de
bris downstream. A filter downstream of 
the barrier site but upstream of the out
let would capture the debris. 

The overall dimensions of the valve 
would be about 10 by 10 by 2 mm. The 
valve would comprise three layers that 
would be micromachined individually, 
then assembled and bonded. The mid-

die layer would be a silicon-on-insulator 
(SOl) wafer that would comprise three 
sublayers: an upper bulk silicon sublayer 
several hundred microns thick, a middle 
oxide insulating sublayer a few microns 
thick, and a lower doped silicon epilayer 
some tens of microns thick. The SOl 
wafer would be micromachined from 
both sides to create an inlet sealed by an 
epilayer membrane, an outlet, a channel 
between the inlet and the outlet, and a 
filter in the channel. The top layer - a 
wafer of low-thermal-expansion glass -
would be anodically bonded to the top 
surface of the sor wafer to eal the chan
nel. The bottom layer would be another 
low-thermal-expansion glass layer con
taining micromachined openings for 
the inlet, outlet, and two electrical leads. 
The botlom glass layer would be anodi
cally bonded to the bottom surface of 
the SOl layer. 

The SOl layer would be the most com
plicated part of the valve; micromachin
ing of the SOl layer would involve several 
teps. By means of a patterned etch of the 

bottom surface of the Sal layer, the por
tion of the doped silicon epilayer in the 

outlet region would be removed, while a 
strip of the doped silicon epilayer in the 
inlet region would be isolated to form the 
membrane covering the inlet and extend
ing between electrical contacts. (This 
membrane would constitute the barrier 
to be melted by electrical heating. A con
striction in the membrane at the inlet 
location would ensure concentration of 
electrical heating in the portion of the 
membrane blocking the flow channel.) 
Then by means of a patterned etch from 
the top surface of the SOl layer, holes for 
the inlet, outlet, and electrical leads 
would be formed through the thickness 
of the bulk silicon sublayer. The channel 
between the inlet and outlet, containing 
an integral filter. would be formed in still 
another patterned etch. 

This work was done by Indrani 
Chakraborty, Juergen Mueller, Andrew 
Wallace, and Wen Li of Caltec" for NASA's 
Jet Propulsion Laboratory. For further 
information, access the Technical Support 
Package (TSP) free oll-li1le at www.nasate
ch.com under the Electronic Components and 
Systems category. 
NP0-20473 

Axial Force as Indication of Alignment of Threaded Fasteners 
A robot would imitate a human technician feeling a thread-engagement click. 
Lyndon B. Johnson Space Center, Houston, Texas 

A developmental technique for auto
mated alignment of threaded fasteners 
involves the use of d1e axial force between 
the fasteners as an indication of align
ment. The technique was conceived as a 
means to guide a robot that is required, 
for example, to join a bolt \vith a nut. 

The technique is based on the well
known fact that when a bolt and nut are 
properly aligned, gendy pushed together 
along their common axis, and turned in 
the 100 ening direction (counterclock
wise for conventional right-handed 
threads), there is a click -
that is, a brief relaxation and 

or bolt, respectively. The robot hand 
would apply a small preload contact 
force. Then by actuation of the robot 
hand or by another mechanism cooper
ating with the robot, the bolt and nut 
would be rotated, relative to each other, 
in the loosening direction. During the 
rotation, strain gauge in the robot hand 
would measure contact forces that could 
be resolved into the axial contact force 
ben'leen the bolt and nut. The axial-force 
signal would be proce sed by the robot 
control system to determine the degree 

of bolt/nut mi alignment (if any) and 
thus to determine any needed correc
tions to the position and orientation of 
the robot hand. 

In experiments to lest thi concept, a 
robot hand held a 1/2-in. (12.7-mm)
diameter bolt against a nut that was rotal
ed counterclockwise with a period of 
about 18 seconds. The left part of the fig
ure hows an example of the axial force 
versus time in an experiment in which 
the angle benveen the bolt and nut axes 
was ~l 0. The initial rise in force of 1.3 lb 

recovery of axial force -
once per rotation, each rime 
the ends of the threads tip 
past each other. The tech
nique is also based on the 
conjecture that tlle magni
tude of the click decreases as 
the angle of mi alignment 
between the bolt and nut 

1.5 r---r--.-~-.---:--.-,---, 

increases. 
In a typical application. the 

robot hand would hold the 
bolt or nut and would bring it 
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into contact and approximate 
alignment \vith its mating nut Axia l Force between a bolt and a rotating nut was measured by a robot hand that held the bolt. 
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(=5.8 N) was caused b a command from 
the robot control system to press the bolt 
into the nut with this amount of force. 
(This level of preload was e ential for 
reducing the effect of strain-gauge 
noise.) At approximately 5 econds, the 
counterclockwise motion started. At 
approximately 21 second , there was a 
O.5-lb (2.2-N) dip in axial force (a click), 
indicative of proper alignment of the nut 
and bolt threads. At this point, the robot 
control system en ed the change in the 
axial force and the rate of change of 
axial force, and responded by generating 
a command to reverse the rotation in 
order to tighten the bolt and nut. 

Thereafter, the axial force decreased as 
the engagement of the nut and bolt 
relieved orne of the preload. 

The right part of the figure depicts 
the axial force versus time in an experi
ment that was imilar except that the 
angle between the bolt and nut axes was 
between 4 and 6° (clo e to the cros
threading angle for the particular bolt 
and nut). The initial ri e in the axial 
force was imilar to the one de cribed 
above, but the ubsequent clicks were 
smaller. The force and the rate of 
change of force did not change uffi
cientIy for the robot control ystem to 
recognize "good" alignment; therefore, 

the stem did not command a rever al 
of rotation from counterclockwi e to 

clockwise. However, the axial-force ig
nal included a periodic feature that indi
cated the instant when tIle threads could 
mate if they had been better aligned. In 
principle, the robot control y tem 
could be modified to recognize this fea
ture and to command the finger of the 
robot hand to tilt the bolt as a function 
of an axial-force gradient until align
ment was obtained. 

This work was done by Myron A. Diftier 
and Michael L. Ross of Lockheed Martin for 
Johnson Space Center. 
MSC-22837 

Improved Magnetostrictive Pump 
Features include a two-stage magnetostrictive actuator and a hydraulic stroke multiplier. 
Lyndon B. Johnson Space Center; Houston, Texas 

An improved magnetostrictively actu
ated pump has been developed to satisfY 
a need for a small, low-pressure, high
flow-rate fluid pump that contains few 
moving parts and can run reliably for 
long periods without maintenance. The 
pump could be used, for example, to cir-
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culate water in the portable life-support 
system worn by a firefighter or a chemi
cal worker or in any setting where relia
bility is important and maintenance is 
difficult. The pump is designed primari-

Compensation 
Bellows 

Chamber _ .... ~~ 

Oil-Fill Plug 

Inner-Drive 
Bellows 

Outer-Drive 
Bellows 

Magnetostrictive - ..... ~.......,<--h.r 
Sleeve 

Magnetostrictive -~~~-f--'.-*M~ 
Rod 

ly for water as the pumped fluid, but it 
could also be used with other fluids, 
including cryogenic ones. 

The figure shows a meridional cross
section of the pump. The bottom part 

Path· 

• Outlet and inlet paths include check valves not shown here. 

The Improved Magnetostrictive Pump is designed to take maximum advantage of the small stroke of 
the magnetostrictive actuator. Because this stroke is so small, great care must be exercised in design 
and assembly to optimize the bias stress on the magnetostrictive components, and to maximize the 
rigidity of all components except for the required degrees of compliance of the bellows and the 
springs (not shown here) in the check valves. 

www.nasalech.com Motion Control Tech Briefs, December 1999 



contains a magnetosmctive actuator, including an annular 
permanent magnet that provide a constant (bias) magnetic 
field, and an electromagnet coil that generates the variable 
magnetic field needed for actuation. The magnetostrictive 
material is the alloy Tbo27Dyo.7,Fey (commercially available 
under the trade name "Terfenol-D"). 

The unusual aspect of the actuator lies in a two-stage design 
that approximately halves the actuator length needed to 
obtain a given stroke. There are twO pieces of magnetostrictive 
material, each 1.5 in. (3.81 cm) long: a central rod 0.75 in. 
(1.9 cm) in diameter, and a surrounding sleeve of the same 
volume as that of the rod. The upper end of the sleeve push
es against the lower end of the rod via a stainless-steel con
nector, so that the rod telescopes out from the sleeve and the 
magnetostrictive strain of the rod is added to that of the sleeve 
to obtain nearly the same total strain as that of a 3-in. (7.tkm)
long, 0.75-in. (1.9-cm)-diameter rod of the magnetostnctive 
material. The connector is designed to undergo very little 
strain, relative to the magneto trictive strain at the anticipated 
actuation loads. 

The diameter of the two-stage actuator is greater than it 
would be with a single stage, but this increase in diameter does 
not increase the overall diameter of the pump, because the pis
ton that effects the pumping action has a greater diameter. In 
addition, power consumed by the two-stage actuator is only 
slightly greater than it would be for an equally capable single
stage actuator. 

Above the actuator is a hydraulic stroke amplifier that 
includes an outer and an inner drive bellows. This stroke 
amplifier multiplies the actuator stroke by about a factor of 
7.5 [from 2 to 15 mils (0.05 to 0.38 mm)] while dividing the 
actuator force by a factor of 10 in driving the piston. About 75 
percent of the work done by the actuator goes into the out
put of the stroke amplifier; !.he remaining 25 percent is con
sumed in compression of the hydraulic fluid and strain ener
gy of the bellows. 

The stroke amplifier drives the pi ton, the periodic motion 
of which draws water into a chamber through an intake valve 
and pushes the water out of the chamber through an outflow 
valve. These are lightweight, fast-response, spring-positioned 
check valves. These valves are positioned to make the water 
flow circumferentially around the chamber to obtain a cen
trifugal effect that makes trapped air bubbles accumulate at 
the center of the chamber, where they flow out. The accumu
lated air must be vented because the pump stroke is so small 
that even as little as a few milliliters of trapped air greatly 
impedes performance, and more than that anlount can totally 
block tlle pumping action. . 

Above the pump chamber in which the piston operates 
there are two compen ation bellow - one on the intake 
side and one on the outflow side. These bellows mooth out 
the o ow, reducing the pulsations that occur at the pump 
operating frequency. which is about 24 Hz. If the pulsation 
were not smoothed out, they would give rise to huge forces 
(water hammer) that would build up in the water tubes con
nected to the pump and thereby prevent the pump from 
operating. 

The pump is designed to have a flow rate of 30 milliliters per 
second and a pre ure of 5 p i, and to consume about 25 Wof 
electric power. 

This work was done by Michael J Geroer, Robert ll1TW11.m, Frank 
itT/hiett, and John Swenbeck of alCon Technowgy Corp. for Johnson 

Space Center. For furth£r inform,alion, access the Technical Support 
Package (TSP) free O'/'j,oli7W at www.nasaUch.rom under the Machinery 
and Automation category. 
MSC-22890 
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Absolute 
Encoders with 
DeviceNet~ 

The new 1O<1el 25 
and A5 added to 
the Dynapar line by 
Danaher Con trois , 
Gurnee , IL, feature a 
built-in Devicel et 

field-bus interface, which the compan ' sa) make 
in tallation and troubleshooting ignificantl ' easier 
than other encoders in current use. Integrating the 
interrnce into the e encoders also eliminate the 
need for third-party PL cards, additional I/O, and 
hard-wiring to a PLC, plus PLC code development to 
automate the systems. Danaher says that providing a 
constant po ition signal and automatic referencing 
of position upon tanup or after power 10 increas
e data integrit and repeatability. 

For More Information Circle No. 765 

Control for Hydraulic 
Proportional Valves 
A new solenoid-mounted 
controller/ amplifier from 
HydraForce Inc., Lincoln
hire, IL, uses high-fre

quency pulse width modu
lation switching to supply 
a h 'draulic proportional 
valve with a proportional 

input signal. The external signal can be from a 
potentiometer, 0-5 DC, or (}-20 rnA source. The 
device mounts directly to olenoids having DI 
43650 connectors, and i rated to 11'65 standards 
for weatller resistance. The comroller will accept 
any power supply voltage from 9-28 VDC. Ramp 
and dither signals are independently adju table; 1-
min and I-max settings are independent and non
following. 

For More Information Circle No. 768 

Motion and 
Logic Control 
System 
Bosch Automation 
Technology, Racine, 
WI, introduce the 
Rh04 , a I' -based 
motion and logic 
control system for 

robots and general-purpose machines. Built into an 
industrial I' ,all motion and logic is proces ed on an 
Intel Pentium<lass microprocessor that also runs the 
operator interface. Interface screens are written in 
standard Visual ++ or VisualBasic programming 
tools, "ith application communication through stan
dard DLLs, DDE, or OLE protocol . The Rh04 's fea
tures include 24 axes, 16 kinematics, SAP + flow
chart motion programming, and an ·open motion" 
interface to drives. 

For Mor. Information Circle No. 771 

ystems , Haup
pauge, NY, introduces 
the HF-I4-2 H, a 
new miniature zero
backla h harmonic 
drive speed reducer 
with a large hollow 
haft. The units mea

ure onh 53 mm long and 74 mm in diameter, et 
have a hollo\\ haft in ide diameter of 14 mm. TI,e 
large through-hole allow the engineer to pas hafts, 
",re bundle , or other components directl) through 
the gearing's center. Rated output torque of 69 in.
lb. and momentaI) peak torque of 47 in.-Ib. can be 
achie\'ed, liD tem, says, because of the compan 's 
patented· " tooth profile. Gear reduction ratios of 
50: 1 through 100: I are available in a single stage. 

For More Informat ion Circle No. 774 

lOb 

Autoclavable 
Brushless 
Motors 
Micro Mo Elec
tronic , Clear
w'aler, FL, an
nounce what it 
calls the fll'St full 

line of atlloclavable motors for medical and e.xtreme 
operating emironments. Based on )' tern Faulhabe 
ironl rotor tecl1ll0log}, the new design combin 
no<ogging, high-acceleration d,namics with powerful 
rare-earth magnet S\ tenlS, according to tl,e company. 

terilization parameter test for the series is at 134 'C ±2 
' C, with a water-vapor pressure of2.1 bars. The line can 
operate in I~rcent relative humidity in 2(}-minUle 
C)cles for a minimum of 100 C)'Cles. In case dian,etel 
of 16, 20, 24 , 30, and 35 mm, the standard versions are 
available in 12 VDC and 24 VD . 

For More Information Circle No. 766 

Three Adjustable
Frequency Drives 
Danfoss Electronic Drive , 
Rockford, IL, introduce 
the VL Micro, 2 00 
series, and 5000 serie , 
three new adjustable-fre
quency drive. VLT Micro 
are low<o t drives olTer
ing 1/ 2 to 2 HI', and are 

and panel builders requiring 
mall AC motor control. VLT 2800 eries drive are 

available from 1/ 2 to 5 HI' and oITer side-by-side, 
horizontal, or vertical mouming capability. VLT 
5000 eries drives incorporate a ensorle s vector 
drive system for variable speed and torque comrol 
of AC induction motors from 1-600 HI'. VLT 5000 
series drives react to system load changes within 3 
milliseconds. 

For More Information Circle No. 769 

Precision Dovetail 
Slides 
The Setco Group, Master 
Division , Cincinnati , OH, 
offers the Master D series 
of dovetail slides in three 
model : Express, elect, 
and uper elecl. The 
Expre slides, engineered 
for applications requiring 
compact design and quick 

shipment, are a,oailable in 4-,6-, ,I(}-, or 12-in. base 
width. lect Jides expand the choice of drive Lyles, 
accessories and izes, o(l'ering base and saddle length 
in one-inch increments up to 64 in. uper Select 
slide , designed around a standard baseline platform, 
can meet virtually an) requirement in size and capa
bilit), allo"ing ~laster' engineers to create custom 
lides "ithout long lead times. 

For More Information Circle No. 772 

Brush-Com
mutated! 
Brushless DC 
Gearmotors 
The LO-COG 
brush-commu
tated DC gear
motors from 
Pillman, Har· 

IC)'S\ille, PA, utilize spur gearheads and can deliver up 
to 500 oz-~n . of torque at the output shafL ThC} are 
available in three frame sizes with several length and 
performance options. ELCO~1 and ELCOM II lotless 
brushless DC gearmOlors are equipped with planetaI) 
gearheads, and are also availabl in three frame izes 
"ith a range of lengtll and performance option . 
Pitonan sa, their slotless construction reduces induc
tance, improving current bandwidtll for responsive 
control and superior acceleration. 

For More Information Circle No. 775 

www.nasalech.com 

'ational Instruments, Austin, 
TX, adeb three new motion 
controller boards to its prod
uct line. The PCI-7344 and 
PXl -7344 module control 
both servo and stepper 
mOtor applications for 
pCI, CompactPQ, and pXl 

S\ tems. The PQ-7324 closed-loop board controls te!>' 
per motor applications for PCI sy terns. The 7344 con
trollers are dual-proc r d",ices that directly control 
motors ",th industr)-standard command ignals, 
amplifier inhibit/ enable signals, and forward, re\'erse, 
or home-limit inputs for each axis. The PCI-7324 ste!>' 
per board controls up to four tepper motors with full 
programmable pulse and direction or clockwise/ 
counter·docl.~ output ignals. 

For More Information Circle No. 767 

DSP
Based 
Servo 
Drives 
The Epsilon 
Series servo 
drive from 

Emerson Motion Control , Chanhassen, MN, oper
ate direct on-line at 42 to 264 V AC, and are avail
able in two power ratings: I. A and 3.0 A rms cur
rent witll 2x peak. These are the smallest DSp
based servos a,,,ilable from Emer on, fitting into a 
6-in.-deep enclosure with cables connected. The 
motors deliver 5 to 15.8 lb.-in. at up to 5000 rpm. 
Five flexible modes of operation are available: ana
log velocity, analog torque, pulse follower, digital 
velocit) pre et, and summation of analog velocity 
and digital velocity. tandard features include 8 
optical I) isolated I/ O. 

For More Information Circle No. 770 

Motion 
Controller with 
Modbus 
Galil Motion Con
trol, Mountain View, 
CA, has added su!>' 
port of the Modbus 
EtI,ernet protocol 

and multi-master and multi lave capabilities to tlle 
DMC2100 standalone conu·oller. Modbus, a serial 
bus developed by Modicon that enables communica
tion between I/O devices, is seen by the industry as 
the standard protocol for distributed control sys
tems, according to Galil. The DMC2100's multi-mas
ter capability enables multiple computer to talk 
directly to the controller using Ethernet, and tl,e 
multi-slave capability of the DM 2100 is in direct 
communication to all I/O d""ices via the Ethernet 
local area network. 

For More Information Circle No. 773 

Rotational Speed 
Monitor 
Turck Inc ., Plymouth , 
M , announces the mull/
,/UJdui MK21-RJ , which it 
caUs the industry's first 
rotational speed monitor 
with intrinsicaJl afc 
inputs "ith both relay and 
analog outputs. It is 
designed to monitor pulse 
sequences from NA\fUR 
sensors in hazardous loca

tions, comen the pulse input into a 4-t<r2(}-mA rota
tional peed output, and indicate overspeed and 
underspeed conditions to control equipment in non
hazardous locations. The d",ice can detect rotational 
speed from I mHz to 10 kHz. An L D display indicates 
actual speed, measured in user.<fefined units. 

For More Information Circle No. 776 
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Figure 2. These Flat-Plate Skin-Friction Data were calculated from mea
surements taken by the boundary-layer rake shown in Figure 1. 

rosion and wear. The pitot tubes were machined from 304 
tainless steel tubing ofO.04-in. (l.O-mm) outside diameter and 

0.0075-in. (O.l9-mm) wall thickness that had been annealed to 
a l/2-hard condition. The pitot tubes were then inserted in the 
rake body. The tips of the pitot tubes were chamfered to re
duce their sensitivity to local flow angles. A low-viscosity, single
component, anaerobic methacrylate ester adhesive (Loctite 
609) was used to hold the pitot tubes in place_ To help keep the 
pitot tubes in place and to protect them from vibrations during 
flight, room-temperature-vulcanizing (RTV) silicone rubber 
was used to pot the inside of the rake cavity. 

A finite-element stress analysi of the rake design howed 
very high factors of safety for operation in a supersonic wind 
tunnel. The rake passed a ground vibration test in which ran
dom vibrations of 12 times normal Earth gravitational accel
eration were imposed for twenty minutes along each of the 
three mutually perpendicular directions_ A wind-tunnel test 
of the rake wa conducted in the ASA Glenn Re earch Cen
ter 8-by-6-ft (2.4-by-1.8-m) supersonic wind tunnel at mach 
number ranging from 0 to 2. The rake pitot pressures 
agreed well with data obtained from a conventional rake for 
the entire range of mach numbers tested. The boundary
layer profiles obtained from the rake data matched the stan
dard log-law profile. As shown in Figure 2, values of skin fric
tion computed from the rake data by u e of the Clauser-plot 
method agreed well with Pre ton-tube results and with the 
Van Driest n compres ible kin-friction correlation. 

The rake will be used in a number of future F-15B/ ITF 
flight experiments. One experiment currently underway is 
an in-flight evaluation of new skin"friction gauge concepts: 
the rake data as well as the results from a Preston tube will be 
used to evaluate the accuracy of new skin-friction gauges. An
other experiment is planned to validate the microblowing 
drag-reduction technique in flight: In this experiment, the 
net drag reduction cau ed by blowing an extremely small 
amount of air through a porous plate will be calculated from 
the momentum balance of the boundary-layer profiles mea-
ured by the rake in the upstream and downstream regions 

of the porous surface. 
This work was dime Uy Trong T. Bui and David L. Oates oJDry

den Flight Research Center_ For further information, access the 
TechnicaL Support Packagt (TSP) free on-line at www.nasatech_com 
under the Mechanics cotegory. 

Inquiries concerning rights Jar the commercial use oj this inven
tion should be addressed to the Patent CfJUnsel, Dr)'den Flight Re
search Center; (805) 258-3720. ReJer to DRC-98-94. 
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-$ Special Coverage: Test and Measurement 

Optical System Trends Mean New 
Test and Measurement Requirements 

What i the trend in fiber optic? It i 
imple to ay that there has been an ever

growing need to transmit data at ever
higher data rates. Regardle of the ap
plication - commercial or military, land 
or ea, air or pace - people want to 

move more data and move it faster than 
ever before. In response, single-wave
length, inglemode telephony tern 
have given way to higher throughput, 
den e wavelength-division multiplexed 
(DWDM) broadband sy terns. The once 
moderate data rate of multimode 
IAN , campus backbone, and avionic 
links have given way to new sy tern with 
Gigabit throughput. 

Enhanced sy tern performance has 
pawned both the development of new 

components (i.e., DWDM fi lter) as well 
as the higher performance grade of ex
isting components (i.e., fiber, splitters, 
coupler, and optical amplifiers). The 
increased complexity and performance 
demand of these new high-throughput 
y tern have meant more complex te t-

ing and performance verification on 
both the direct component level as well 
as the fini hed Link. As a result, fiber 
optic test and measurement equipment 
has been forced to further evolve to 
meet the e advanced mea urement 
need. 

Evolving Acceptance Testing 
Requirements 

The early 1970s aw the deployment 
of the fir t optical communication sy
tern based on multimode fiber and 
light-emitting diode (LED) ources. By 
the mid-19 0 ,a ignificant evolutionary 
shift occurred as telephony and broad
band application made the WilCh to 
singlemode fiber. Thi witch was fueled 
by the availability of singlemode<om
patible laser tran mitters, which offered 
the higher modulation rate (l GHz+) 
and higher output powers (up to several 
100mW) needed to support interoffice 
trUcks and long-haul telephony Links. 

Multimode technology did not it till. 
Continued evolution in component and 
production technology finally brought 
multi mode fiber to the critical point of 
cost parity ver u copper. Multimode 
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fiber took to the IAN battleground as 
fib r-based implementation of Ethernet 
(l0 Mb/ ) took roOl, followed b the de
velopment of the Fiber Data Di tributed 
Interface (FDDI) network tandard. 
FDDI became the industry tandard for 
campu backbone and private networks 
until about 1990. 

The pre sure for increa ed band
widtll, along with the development of 
co t-effective multimode laser tran mit
ter technology, has brought multimode 
to the Gigabit plateau. Over the last few 
year, 10 Mb/ s Ethernet ha given way 
to Gigabit Ethernet (GbE), u ing its 
high- peed pipeline to enhance y tern 
performance in application like cam
pus backbones and witch-to
switch/ switch-to-server application . Fi
breChannel ha evolved to Gigabit 
FibreChannel (GFC) , and OC-3 (150 
Mb/ s). Asynchronou Tran fer Mode 
(ATM) technology ha given way to 

higher speed OC-12 (500 Mb/ ) and 
OC-24 (1 Gb/ ) products. In a que t for 
higher performance at lower co ts, ex
pen ive l300-nm multimode laser tech
nology has been supplanted by 850-nm 
Vertical Cavity urface Emitting Laser 
(VCSEL) technology offered in low
cost, integrated transceiver package. In 
time, the need for longer link lengths 
will drive VCSEL technology to the 
lower-loss l300-nm operating window. 

The hift to laser ources bring the 
need for characterizing and controlling 
back-reflections (al 0 called return 10 ), 
never a prior concern \~;th low<oherent 
LED source. Back-reflection are pre
sent in all fiber optic sy tern, both sin
glemode and multimode. However, com
ponents u ed in multimode sy terns tend 
to cau e higher reflection , and gener
ate lower return 10 value, in part due 
to the greater physical dimen ion of the 
connector interface and higher back-
catter level of the fiber. 

The commercial data communica
tions ector is just learning that control 
and verification of the optical connec
tors' polished endface is no longer just a 
requirement for singlemode connec
tor. Controllling radiu of curvature, 
apex om et, fiber height, and APC angle 

www.nasalech.com 

are nece ary to a ure con istent per
formance among random I mated con
nectors. AI 0 important i how endface 
control directly aIJects connector relia
bility over time, temperature, and other 
environmental influences. 

ew military and aero pace network 
standards are observing the Ie sons 
learned from the commercial telecom
munication ector and recognize the 
need to characterize all performance 
variables for both reasons of ystem per
formance and mi ion critical reliability. 
Insertion 10 , return 10 ,and connec
tor endface geometry compri e tlle criti
cal elements under review. 

Thu, higher tandard of perfor
mance and requirements for more com
prehensive and complex acceptance 
te ting have emerged. Unlike the simple 
10 -only te t requirements of tile early 
FDDI era, commercial Gigabit has estab
li hed a longer Ii t of required te ts to be 
applied on botll the component and ys
tern level. 

Previou Gigabit te t requirements 
meant in ertion 10 for connectors, 
pan los for fibers, and end-to-end link 

los for the overall link. The new MM Gi
gabit test requirements mean insertion 
los, return 10 s, and endface geometry 
for connectors; span loss for fiber; and 
end-to-end link 10 and optical return 
10 (ORL) for the overall link. 

Singlemode Systems: 
New Test Requirements 

Traditionally, inglemode fiber has 
been the domain of the high date rate 
combined with long distance (up to sev
eral 100 km with optical amplifiers). 
The e single<arrier sy terns require im
plified optical layer testing as follow: 
• Connector: Insertion 10 ,return 10 , 

and endface geometry 
• Fibers: pan 10 , chromatic di per

sion, polarization dependent 10 
(PDL), and polarization modal disper
ion (PMD) 

• Multiplexer and Demultiplexer: 1n
ertion 10 , return 10 , polarization 

dependence 
• Transmitter: Output power and long

term tability 
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• Receivers: Receiver enslllvuy, input 
power range, ignal degradation, and 
loss of ignal !.hre hold 

• Overall Link: End-to-end link 10 and 
Optical Return Los (ORL) 
The Internet ha led to an insatiable 

demand for bandwidth in the telecom
munication rranspon network. The 
exi ling network can no longer sup
port demand, leading to fiber exhaus
tion in many high-traffic locations 
, here optical tran mission y terns op
erate at only one wavelength. Conse
quently, service providers have begun 
deploying dense wavelength division 
multiplexing (DWDM) system along 
with higher speed SONET transport 
networks to solve these fiber exhaust 
ituations. DWDM allows :;everal wave

lengths of light in the 1550-nm low
loss wavelength window LO be multi
plexed onlO a single fiber, thereby 
increa ing its capacity. For example, 
16 channels of OC-48 data equals a 
total throughput of 40 Cb/ . In the 
not so distant future, we can expect to 
ee DWDM systems with up to 196 

channels operating at even higher 
OC-768 (10 Gb/s) rate, which equals 
the incredible throughput of nearly 2 
Terabits/sec (Tb/s). 

DWDM deployment has dramatically 
increased the complexity of these mea
surements by adding the wavelengtIl de
pendence factor. Unlike its single-wave
length brethren, DWDM optical layer 
testing incorporates an expanded array 
of tests, including: 
• Connector : Insertion los , return loss, 

and endface geometry 
• Fiber: Span los, chromatic di persion, 

PDL,PMD 
• Dispersion Compensating De,'ices: In

ertion 10 s, PDL, delay ripple, and loss 
ripple versus bandwid!.h 

• Tran mitter: Wavelength accuracy, 
spectral width, output power, long
term output stability, side mode sup
pression, and extinction ratio 

• Receivers: Receiver sensitivity, input 
power range. signal degradation, and 
10 of ignal !.hreshold 

• Dense Multiplexers and Demultiplexers: 
Cenrral wavelength. bandwidth, in er
oon 10 . and ripple of each individual 
passband; channel differential 10 or de
,ice ripple; and PDL versus wavelength 

• Optical Amplifiers: Gain versus wave
length , pectral gain flatne , gain 
equalization, optical signal-to-noise 
ratio (0 NR), amplifier noise fig
ure/gain ripple/till versu band""idth 
and varying gain level , optical return 
loss (ORL) 

• Optical Add!Drop '\fultiplexers (OAD:vf): 
Passband insertion 10 and ripple. chan
nel isolation, ORL, and PDL 
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• Overall Link: End-to-end link loss, Op
tical Return Lo (ORL) , and PMD 
DWDM components require a very 

complex et of performance mea ure
ments. Today's DWDM sy tem mea-

DWDM te t set must also rrive to inte
grate a full range of measurement 
capabilitie , including: 
• Optical spectrum analyzer (OSA) 
• Wavelength meter 
• Chromatic dispersion meter 
• PDL and p~m test set 
• Optical return 10 (ORL) meter 
• Optical insertion 10 s (OIL) meter 

urements are performed by e en
tially single-function, laboratory-style 
te t equipment carried oullO !.he fieEd, 
and run on AC power. Con equently, 
the commercial roll-out of DWD 1 
transmi sion systems is forcing the de
velopment of new generations of opti
cal test set that need to be fuHy 
portable to upport efficient field op
eration. The evolving multi-function 

Far mOll! information, contact the aUlhar 
of this article, Dennis Horwitz., Vice Presi
dent, Mil-Aero Division, RIFOCS Corpara
lion, 1340 Flynn Rd., Camarillo, CA 
93012; Tel: 805-389-9868; Fax: 805-389-
9808; UlWW. Tifoes. com. 

Things ovina 100 FaSllor YauP 

MOlionScopee PCI Can Help You. 
Redlake Imaging Corporation offers a family of 
affordable high-speed computer based digital imaging 

products designed to meet your motion analysis needs. 

• Easy to Use "Point & Click" Application Software 

• Up to 8,000 Digital Frames per Second 

• Plug & Play PC Peripheral 

• Up to 4 Cameras per PC 

1-800-453-1223 
Phone' 1-40B-779·646L1 fAX.1-40B-778·6256 
E-Iv\oi . soleS@redlo e.com 
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INDUSTRIAL 
COMPUTER: 
COMPLETE SOLUTION 
FOR EXTREME 
ENVIRONMENTS 
The compact, low-profile Pro
Panel- from Azoni.x is fully sealed 

and shielded against sbock, vibration, dust, liquids, 
and E.\1l / RFI . Low-power/ temperature design, inte
gral heat inks ensure longer r.ffBF. Features include 
dual-use I A/ P I card slots; Pentium proces or; 
TCP l IP-readiness; l5" integral display: and self-adjust
ing hi-brite. ProPanel is designed for applications in 
barsh , hazardous envirorunenrs. Bu off-the-shelf or 
adaptively engineered. Azoni,, ; Tel: 00-365-1663; 
W\\'\\'.azonix.com 

Azonix 
For More Information Circle No. 610 

ELECTRONIC 
IMAGING RESOURCE 
GUIDE 

Industrial Optics 
announces its new Eleclronic 
Imaging Resource Guide . 

Designed to meet the needs of electronic imaging Sfr 
tern integrators, it combines a dedicated imaging cata
log with helpful te"t on the fundamentals of optical 
imaging, substantial application notes and detailed 
charts/ graphs to explain each product's benefits. Over 
500 optical products are presented within the 132-
page Re ource Guide. Edmund cientific Co., 
Industrial Optics Division , 101 East Gloucester Pike, 
DepL B991N954, Barrington, ~ 08007; (609) 573-
6250; fax: (609) 573-6295; web site: www.edsci.com. 

Edmund Industrial Optics 

For More Information Circle No. 613 

TUESDAYS AT 
TEN: ALGOR LIVE 
WEBCASTS 
join Algor every Tuesday at 
10:00 a.m. Eastern Time 
for a live Webcast to learn 
more about Algor's soft
ware from the most basic 
to full Mechanical Event 
Simulation. Engineers can 
phone or email questions 

to be answered by Algor engineers during the 
Webcast. Addre s: 150 Beta Dr., Pittsburgh, PA 
15238; Phone : +1 (412) 967-2700; Email: 
webcast@algor.com; or Fax : +1 (412) 967-2781 ; 
www.algor.com/ webcast 
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Algor, Inc. 

For More Information Circle No. 616 

SPIRAL RETAINING 
RING CATALOG 

malley Steel Ring Co. intro
duces the new '99 edition cat
alog, #RR-99. It offers more 
than 4000 tock piral 
Retaining Rings, available in 
both carbon or stainless steel, 
"ith diameters ranging from 

3/ " to 4". Complete engineering data is included 
in thi 56-page manual. Spiral have no ears to 
interfere. piral Retaining Rings install easily and 
can be removed "ith a screwdriver. maUey engi
neer are available for free design help. Smalle 
Steel Ring 0 ., 385 Gilman Ave ., Whecling, lL, 
60090 ; Tel: 47-537-7600 ; Fa,, : 847·537-7698; 
www.smalley.com 

Smalley Steel Ring Co. 

For More Information Circle No. 619 

2000 COMPUTER-
BASED MEASUREMENT 
AND AUTOMATION 
CATALOG 

ational In trument 2000 
catalog features hundreds of oft

ware and hardware solutions for olving your mea
Lrement and atllomation application. ew prod

ucts include additions to our modular CompactPCI 
(PXl ) platform, new computer-based in trumenLS. 
and our latest software oITerings such as LabVlEW 
RT for making real-time applications easy. Call for a 
FREE 2000 Catalog or find it online at www.ni .com. 

ational In truments; Tel : 512-794-0100, 00-433-
34 (.. and Canada) ; Fax: 512-683-9300; e-mail 
info@ni .com; www.ni.com/ catalog 

National Instruments 

For More Information Circle No. 611 

OMEGA'S 
VOLUME MMTM 
TEMPERATURE 
HANDBOOK 
OMEGA Engineering, Inc., a 
global leader in the technical 
marketplace, has released its 
Volume MMTM Temperature 
Handbook, which includes an 

expanded technical reference section. Over 40,000 prod
ucts for process measurement and control are featured 
on 0\'eJ' 2,000 fulkolor pages. To obtain a request foml 
by fax, call 1-800S484271 and requesl Document #2000. 
OMEGA Engineering, One Omega Dr., P.O. Bo" 4047, 
Stamford, CT 06907-4047; Tel: 203-359-1660; Fax: 203-
359-7700; e-mail: info@omega.com;www.omega.com 

OMEGA Engineering 

For More Information Circle No. 614 

ALGOR SOFTWARE 
ELIMINATES TIME 
& COST OF 
PERFORMING 
PHYSICAL TESTS 
Use Algor's Mechanical Event 
Simulation (ME ) and kine

matic element technology lo simultaneously replicate 
motion and flexing for linear and nonlinear events on 
CAD solid models. MES eliminates the need to deter
mine forces by external calculation because it does not 
require internal dynamic loading inpuL Use [nCAD"'" 
to impon designs fTom popular CAD solid modelers 
intO Algor's MES. 150 Beta Drive, Pittsburgh, PA 15238-
2932; Phone: +1 (412) 967-2700; Fax; +1 (412) 967-
2781; E-mail: info@algor.com;website: www.algor.com 

Algor, Inc. 

For More Information Circle No. 617 

SHIELDING SYSTEMS 
FOR INDUSTRIAL 
APPLICATIONS 
Lindgren RF Enclosures, Inc., 
offers an ~e brochure on its 
Double Electrically Isolated 
(DEI ) RF Enclo ure , wbich 
provide tbe bighest level of 

E.Ml/RFI shielding for many industrial, communica
tions, and gm'emment applications. DEI enclo ures 
meet high-performance requirements for pager, 
cordless and ,vireless repair, ceUular system produc
tion, security, research, and EMJ/RFI testing and cali
bration. Lindgren RF Enclosures, Inc. . 400 High 
Grove Blvd., Glendale Heights, 1L 60139; Tel: 630-
307-7200; Fax: 630-307-7571 ; wwwlindgrenrf.com 

Lindgren RF Enclosures, Inc. 

For More Information Circle No. 620 
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NATIONAL 
INSTRUMENTS 
LABVIEW RT 
Find OUl how the LabVlEW 
graphical programming envi
ronment now makes real-time 
and reliable data acquisition 
and control applications easy 
to develop. With 1 ational 

Instruments Lab\'IEW RT, you can create real-time 
LabVTEW application that run embedded on new 
RT erie processor-based data acquisition boards. 
Call or ,~ il the Web for free literature. ational 
Instruments; Tel: 512-794-0100, 00-452-69[4 (U .. 
and Canada) ; Fax: 512-6 3-9300; e-mail ; 
info@ni.com; www.ni.com/ lab.iewrl 

National Instruments 

For More Information Circle No. 612 

SMALL PARTS 
CATALOG NO. 20 
QUALITY 
COMPONENTS, 
MATERIALS, AND 
TOOLS 
This catalog is packed with prod

ucts for engineering design , re earch and develop
mem, prototypes and modeling, and industrial 
assembly. Thousands of items are in slOCk, including 
miniature fasteners , specialty components, fluid 
and motion control devices, selecl materials, and 
precision tools. SMALL PART, INC., 139 0 NW 
58th Coun, Miami Lakes, FL, 33014, Attn : Free 
Catalog - Dept. 109B; Tel: 800-220-4242; Fax: 00-
423-9009; www.smaHparts.com 

SMALL PARTS, INC. 
For More Information Circle No. 615 

SEE THE ALL-NEW 
PIPEPAK AT 
WWW.PlPEPAK.COM 
Visit www.pipepak.com and 
discover the powerful 

design, analysis and reporting capabilities of Algor's 
PipePak 7.0. PipePak 7.0 features the new Report 
Wizard lO generate a customized HTML report, 
enhanced visualization to view results and user
friendly, Windows-compliant input screens. 150 
Beta Drive, Pittsburgh, PA 15238-2932; Phone: +1 
(412) 967-2700; Fax: +1 (412) 967-2781 ; E-mail: 
info@algor.com; website: www.algor.com 

Algor, Inc. 

For More Information Circle No. 618 

LAYUP MOLDS FOR 
COMPOSITES 
DRASTICALLY CUT 
TIME & COST 
The palented Magnaplate CMP'~ 
process is a "breakthrough" in 
layup-mold technology that saves 

time and COSts for fubricators of large, contoured, rein
forced composite parts. This dense, multi-directional 
metaJ..weaving process elintinaleS machining toolfaces 
from large , expensive metal ingots or castings . 
Magnaplate CMPT reduces production time for large 
loolfuces to as Ijule six weeks while slashing costs by one 
third . General Magnaplatc Corp., 1331 Route 1, 
Unden, /lIT 07036; Tel; 800-852-3301; Fax: 908-862-61 10; 
e-mail: info@magnaplate.com; www.magnaplate.com 

General Magnaplate Corp. 
For More Information Circle No. 621 
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The ne ... free 120-page 1999 
PCBased T~t Solution Source 
Book from GeoteSl (. farvin 
Test Systems Inc.) features 
more than 100 PCbased prod
IlCts for ATE, data acquisition. 

process conrrol. and t~t-and-rneasurement applica
tions. New product include: GT!)150 Dynamic 
Digilall/O; GTll60 - 60 MS/Sec AWG and DDS ig
nal source; GTXJ7700 PCI and !SA lnsuumemation 
Chassis; power supplies. and more. Call for your free 
copy: Geotest/Marvin Test ystems, Inc., Tel: as. 
TE T-BY-PC ( 37-8297) or 949-263-2222; e-mail: 
sale @geotestinc.com; www.geotestinc.com 

GeotestlMarvin Test Systems, Inc. 

For More Information Circle No. 622 

1999 PCMCIA 
PRODUaS CATALOG 
The new 1999 Envoy Data PCM
CIA source catalog features the 
latest P MCIA drive U B, P I, 
andS I. 
• Rechargeable SRAM Cards, 

Linear Flash Cards for Routers, 
Solid Late flash Drives 

• man Card Readers, Serial PCMCIA 
• I/O Products. Fax/DaLa. Ethernet Cards 
• DigiLaI Photograph and PDA Packages 
• Technical Application Notes 
Envoy DaLa Corp .• 6 East Palo Verde. Ste. 3. Gilben, 
AZ 85296; Tel: 00-366-6971; 480-892-0954; Fax: 
480-892-0029; e-mail: info@envoydata.com; 
www.envoydaLa.com 

Envoy Data Corporation 

For More Information Circle No. 625 

FREE 1999 PC & 
PCMCIA 
SOLUTIONS 
HANDBOOK 
Quatech's new 1999 product 
handbook details our exten
sive line of quality communi
cation, data acquisition, and 
ignal conditioning produclS 

for PCMCIA, !SA. PC!, and U B. New for 1999 are 
2-8 pOrt RS-232 and RS-422/4 5 pcr serial adapters 
and 2 & 4. pon RS-232 USB serial adapters. Product 
overnews. photos. and complete technical specifica
lion are pro\ided. For your free copy call 1-800-
553-1170. e-mail ales@quatech.com. or vi it our 
Web site at w\\''W.quatech.com. 

Quatech, Inc. 
For More Information Circle No. 628 

FIBRE CHANNEL 
COMMUNICATIONS 
The FibreXpress • 'etwork 
and implex Lin k'" Sy tern are 
de igned to maximize the 
high-speed connection capa
bihtio of Fibre hannel. With 
uswned data rates up to 105 

\iB/sec. the FibreXpres 
• 'etwork i the .deal connec

tion solution for all ~'pe' of high-throughput imag
ing and 0 P application>. Ask for your FREE CoP} 
of our updated. 62-page Fibre Channel Technical 
Overview' } Iran Corp.; 4.) 26 Linden A,·e .• Dayton. 
OH. 45432; Sale: 00-252-5601; Tel: 937-252-5601; 
Fax: 937-25 -2729; e-mail: info@ )·5tran.com; 
www.S)lran.com 

Systran Corporation 
For More Information Circle No. 631 

The SoftwareWedgeT" directs 
... 1111 . ... serial (R 232. R --185, RS-

422) data from an)' in tru-
,.. .. ""'". ment into any Windows 3.x. 

95. or NT application such as 
Excel, MMIs, \,B. ontrol. 
and tatistical applications. 
This conIigurahle driver pro
.ides full data acqttisition and 

conrrol of PLCs. data loggers. <cales. flow meters. 
lab instruments. etc. Plea e contact TAL 
Technologies. Inc .• 2027 Wallace L. Philadelphia. 
PA 19130; Tel: 800-722-6004 or 21!>-763-7900; Fax: 
21!>-763-9711; hup:! '"",;,·.rahech.com 

TAL Technologies, Inc. 

For More Information Circle No. 623 

Hiram Jones Elec
tronics. Inc./ A Oi
"ision of the Sea-

miniature Lerminals 
including: in ulated 
te t jacks, assembled 

iliiiIMI~~j!~1 tan doff and press-type terminal. All 
standard catalog 

.~.:..i:iSI~;;ti.:.:ti~~..;:J items are available 
for immediate pricing and delivery. Call today for 
your free 27-page calalog: 800-63-1-2356. 

Hiram Jones Electronics, Inc. 

For More Information Circle No. 626 

SEASTROM 
MACHINING 
DIVISION 
EXPANDS 
Seastrom Machining Di

vision has expanded their capabilities to include 
shor(,- to long-ruo machined produclS utilizing Swiss 
& automatic >crew machines. CNC lathes. and CNC 
vertical milling 4-axi . Seastrom is capable of turn
ing precision metallic and non-mea.allic products 
from .010" to 1.000" diarnclc. on production screw 
machine equipmel1l; from 1" to 14" diameters on 
production 'c lathe equipment; and up to 20" x 
40" production 4-axis vertical millwork. eastrom 
Mfg. Co., Inc.; Tel: 00-63-1-2356; Fax: 20S-73-1-7222; 
c-mail: seaeng@micron.net 

Seastrom Mfg. Co. Inc. 
For More Information Circle No. 629 

THERMO
COUPLES, 
MAKE YOUR 
OWN 
The HOTSPOT allo"s 
thermocouple wire to 
be formed into free
standing junctions. or 
welded to metal sur
faces. It provides a sim
ple mean of fabricat-

ing thermocollpl~ "when needed and where need· 
ed." Brochure and specification heet available. 
Addre : 7300 , 'orth Cre cent Blvd., Pennsauken, 
1"J 0 110. Tel: 856-662-7272; Fax: 856-662-7862; 
http://\,;,;,·.thomasregister.com/dcc 

DCC Corp. 
For More Information Ci rcle No. 624 
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INTELUGENT DATA 
ACQUISITION 
Onboard Intelligence 
provides 
• Real·Time Processing 
• Network Access 
• OSP Commands 
• Control Loops <1 ms with 
• External Expan ion 
• 19" Industrial Racks 
• High-Speed I/ O 
• SLandard P GUls 

Call now for your free catalog! Microstar 
Laboratories. Inc .. Tel: 8 8-M TARLABS (678-
2752) or 42:.-453-2345; Fax: 4.25-453-3199; e-mail: 
info@ms13r1abs.com; www.mstarlabs.com 

Microstar Laboratories, Inc. 

For More Information Circle No. 627 

THE SOURCE 
FOR 
ELEaRONIC & 
MECHANICAL 
HARDWARE 
Seastrom takes pride 
in olIering one of the 
widest selection of 
tandard electronic 

and a5 embly hard
ware available from 
stock. eastrom's 66-A 

Catalog provide. a complete source for over 
45.000 product. For a free 550-page catalog. call 

00-63-1-2356. 

Seastrom Mfg Co. Inc. 

For More Informat ion Circle No. 630 

New! 
Apollo 11 

Commemorative T-Shirt 
Celebrate the 30th anniversary of the his
toric moon landing in style. Striking full
color emblem on quality white cotton shirt. 
Available while supplies last in adult sizes S, 
M, L, XL. XXL; youth sizes 6-8, 10-12, or 14-
16. Also offered in a white sweatshirt (adult 
sizes only). $15.95 T-shirtlS23.95 sweatshirt. 
Add $5.00 to order for postage/handling. 
Mail payment to: Associated Business 
Publications, Dept. E, 317 Madison Avenue, 
Suite 1900, New York, NY 10017. Call (21 2) 
490-3999 for credit card orders. 

·'\S.\ Tl'ch Brie". lkcrmber J49!: ____________ ,\';lIi;l~~IJ.I:I;.u.,u.u,l,lo.. _______________________ ;,u __ 



SPECIAL ADVERnSING SUPPLEMENT TO NASA TECH BRIEFS 

Profiles Of Pathsetting Companies Serving The Engineering FtekI 

A New World Leader in Polymer Sealing Solutions 

Bu ak+ hamban and For
sheda have formed a new 
team poi ed to advance our 
exten i\'e range of engineered 
ealing olution. Our com

bined product portfolio 
indu try knowledge, customer 
networks, and ealing technol
ogy experti e have been 
merged to form a new divi-
ion , TI Group Specialt), 

Pol mer Products. 
The main focu is providing 

world-leading technology and 
competitively superior ervice 
to our customer. In response 

to the increasing global
ization of our ke ' mar
kets, we will offer prod
ucts that meet or exceed 
afety, environmental, 

and ke performance 
demand. 

Both Busak+ ham ban 
PTFE thermoplastic and 
thenno et products and 
Forsheda elastomer pro
ducts offer well-known and 
re pected polymer ealing and 
bearing solution, with trong 
brand name such as Zurcon®, 
Turcon®, Turcite®, Orkot®, 

upply partner 
of choice for cu -
tomer eeking 
advanced poly
mer ealing olu
tion that \vill add 
value to their end 

products. TI Group pecialty 
Polymer Products will ucceed 
world,vide by attracting cu
tomers who want to realize 
excellence. 

INTEGRATED E1VGllVEERllVG SOFTWARE 
World Leaders in Electromagnetic Design and Analysis Software 

Integrated Engineering Soft- Method (BEM). Unlike other 
ware is the world 's leading sup- program using the finite ele
plier of electromagnetic design ment method (FEM) , utiliza
and imulation software. U ed tion of the BEM means that only 
by thou ands of engineer active regions of a model 
worldwide, Integrated's prod- require discretization. Fields 
ucts - Magneto Ampere, can be calculated anywhere else 
Electro, Coulomb, Oersted, in the universe. The BEM also 
Faraday, Lorentz, and Singula allows for modeling of true 
- allow computer modeling of geometry cmvatme rather than 
complex electromagnetic de- straight-line approximations. 
signs before building a costly Models with thin layer and 
prototype. All of Integrated's extreme aspect ratio are han
software is based on the inno- died more easily than with 
vative Boundary Element FEM. Fields are calculated by 

lllICROWAY, l iVC. 
ince 1982, Microway has 

earned its reputation as the 
"World Leader in High Per
formance umeric " in the 
workstation and erver u er 
community. Currently, Micro
way pecialize in de igning 
cu tom configurations of 
Alpha, Sun, and Pentium
ba ed workstations and 
Beowulf clusters. 

the web ite one ofa num
ber of Microway precon
figured performance
ba ed workstations or 
cost-effective 10- to 200-
node cluster. 

Microway clu ter are 
preferred by univer ity 
chemistry, computer ci
ence, and physic depart
ments worldwide, as well 
a governmen t-fll nded 
re earch organization 
including I T, A A, 

IH , LA L, Lincoln 

integration, effectively smooth
ing out discretization and 
round-off en·or. FEM uses dif
ferentiation, which tend to 
amplify error. The BEM is 
therefore recognized as the 
mo t powerful, efficient and 
accurate approach for model
ing electromagnetic device , 
components and ystems. 

Integrated takes pride in 
combining state-of-the-art tech
nology with quick, re pon ive 
customer service and upport. 

For more information, contact 

ty. Microway 
wa the only 
vendor able 
to provide the 
exact configu
ration need
ed, and at 
the most com
peti tive price. 

The company is renowned 
for its experti e in large, 
ophi ticated configuration , 

as well as offering high-end 
technical upport ervice. 

ser can configure custom 
ystems and clusters for a ~vide 

variety of research applica
tions. They can purchase from 

Laboratory, and CD. Mu-rrJlva> 48Node 

The cluster 
pictured here 
ha a peak 
throughput of 
72 Gigaflop 
when config
ured with 48 
21264DP 

54 

Recently, Microway LinuxBeowulfCluster 
configured a 200-proce-
or Linux Beowulf cluster for 

a major midwe tern universi-

Alpha proces
sor running at 750MHz. The 
ame rack enclo ure will hold 

www.nasatech.com 

The new TI Group pecialry 
Polymer Products ha : 
• BOOm I 700m aI 
• 34 manufacturing 

facilitie 
• early 7000 emplo ees 
• 46 ale and marketing 

office 
• Locations in over 30 coun

trie 
For more inj()rmati()n, contact 

Busak+Shamhan aI8(J().767-3257; 
www.busakshamban.com 
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Integrated Engineering oftware, 
300 Cree Crescent, WinniPeg, 
MB, Canada R3] 3W9; Tel: 204-
632-5636; Fax: 204-633-7780; 
e-mail: info@integrated.ca; www. 
integrated. ca. 
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64 Alpha 21264 proce or, 
providing a maximum 
throughput of 96 Gigaflops. 

We invite you to vi it our 
web ite or call one of our 
extremely knowledgable tech
nical ales consultants. You 
will dlen understand why over 
75% of 1icroway's y tem 
configuration bu ine come 
from repeat customer . 

For more information, contact 
Microwa>i Inc., Research Park, 
Box 79, Kingston, MA 02364; 
Tel: 508-746-7341; Fax: 508-746-
4678; e-m{Jil: injo@microway.com; 
www.microway.com 
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PE i\ El\Gl EERl G & J1Al\l FACTlJRIAG 
CORPORA TIOl\" 

Founded in 1942, Penn 
Engineering & Manufacturing 
Corp. develop, manufactures, 
and markets PEM elf-clinch
ing fastener ,S1 brand inserts 
for plastics, PE ISERTER~ fas
tener installation equir.ment, 
and !.he Tl KSCREW· auto
matic crew in ertion :stem. 
The compan}" Pittman Di
vision designs and manufac
tures dc mOLOr solutions for a 
wide range of commercial and 
industrial application. 

Self-Clinching Fasteners. 
PEM fasteners provide strong, 
q uality !.hreads in metal and PC 
board too thin to be tapped. 

SI Inserts for Plastics. S1 
inserts are specified where 
trong, durable metal threads 

are required in plastic materials. 

S)'NRAD, li\C. 
inee its tart in 1984, 

S}'Orad, Inc., has delivered 
more CO2 lasers LO industry 
than any other manufacturer. 
Founded by Peter Laakmann, 
who pioneered the RF-excited 
CO2 laser, and now a sub
sidiary of Excel Techno\og}', 

ynrad ha come to be recog
nized as a leader in the devel
opment of ealed CO2 lasers 
and electro-optics technolo
gies. U1Tently, over 20,000 
S}'Orad la ers are in II e world
wide, cutting, marking, dril
ling, and perforating a multi
tude of materials. 

Headquartered north of 
eattle in Mukilteo, '\ ash-

ington, ynrad operates on 
a simple philo ophy - to 
de ign and manufacture a 
range of high-technology 
products tllat are easy to use, 
re liable, and affordab le, 
thereby opening up new appli
cation for ealed CO2 laser 
technolog}' worldwide. 

Synrad laser, when com
bined with suitable optical 
assemblies, motion ystems, 
and computer controllers, 
have countle s manufacturing 
applications, and new applica
tion continue to be discov
ered daily. These lasers are 
ideal in application involving 
drilling, cutting, and marking 

DIGI-KE CORl'OllATIO 
From its beginnings in 1972. 

Digi-Key has earned a reputa
tion of leadership in the elec
u'oni disuibution indusU] 
resulting from a unified com
mitment to product availability, 
service, and performance. Digi
Key bridges the gap between 
suppliers and customers, deli\'er
ing product and information 
\~ith efficiency and reliability. 

At the cornerstone of their 
marketing program is a 55O-plus
page full-line catalog containing 
over ,000 products from 19~ 
plus vendors. Approximatcl} 4.5 
million cu tomers and ub
seribers receive this catalog year
I} with updates made evel)' 90 
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da} to accommodate constant 
product-line expansion and 
accurate pricing information. 

Digi-Key also offers a compre
hensive electronic media pres
ence on the World Wide Web. 
Recognized as one of the indus
try'. be l sites, the link is open 24 
hours a da); seven da} a week 
(www.digikey.com). Beyond tile 
ob\ious convenience, you will 
notice great content, acce 
speed, ease of navigation, online 
parts search capabilities, online 
ordering, and communication 
options. In-<ieptll information 
can be acce ed through many 
industry links or an exact elec
tronic copy of the latest catalog. 

P EMSE RT E R 
Presses. PEMSERT
ER pre e are de
igned and built to 

easily and accuratel 
install PEM elf-
clinching fasteners. 

STI CKSC R EW 
System. The STlCK-

CREW S} tern is a 
unique mall screw 
in lallation y tem 
that eliminates ex
pensive crew han

dling equipment and loose hard
ware. The screw are tightened 
to an exact torque as determined 
by the stick! screw de igll. 

.,." 
.~.~ 
on teel, plastic, wood, paper, 
fabric, and other organic 
material. 

Available with output pow
ers from 10 to 240 watt , 
Synrad laser feature the 
patented "all-metal" tube 
design, which en ure a high 
laser gas purity, and therefore 
an exceptionally long operat-

Find out for yourself wh}' 
Digi-Key is the urce for 
design engineers, managers, 
and purchasers. ISO 9002-
certified, committed to 
product availability, a 90-
plus-% fill rate, on-time 
delivery - from prototype 
to production - quality 
products, uperior service, 
and performance. 

For 1TUJTl' infannaJion, con
[ad Digt-Ki) Corp., 701 Brooks 
Avenu.eSoulh, ThiffRi:verFalls, 
'\'[1\' 56701; TeL' 800-344-
4539; Fax: 218-681-3380; 
www.digike).com 

Cirde No, 655 

Pittman Motors. The compa
ny' Pitunan Division products 
include a \ariet}' of dc motor 
solution . These include brush 
and brushless mOlors and gear
motors. 

For more infanna/iun, contact 
Penn Engi11eering & Manufac
turing Corp., 5190 OldEastan Rd., 
Danbaro, PA 18916-1000: Tel: 
215-766-8853; Fax: 215-766-
0143; e-mail: pnn@pemllel.com; 
UJUIW. pemne/. com 
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ing lifetime. In fact, a }'Orad 
laser can be expected to per
form continuou Iy for more 
than 35,000 hours with no 
maintenance requirements. 
The durable metal tube 
enable the e lasers to with-
tand harsh industrial envi

ronments, and because the 
tube can be imply and inex
pensivel produced, a S}'Orad 
laser is very affordable. 

For man' infonna/ion Oil laser 
technology and S'),nmd's sealed 
CO2 lasers, contact a sales engi
neer at 1-800-SYNRAD-l, or visit 
Synrad on [he World Wide Web at 
www.synrad.com. 
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_t.ITE EJ. G EEB G, I c. 
A Leader in eFD and Physical Process Visual ization 

Tecplot 8.0 
Unmatched Visualization 
for Physical Process 
Simulation! 

Tecplot' unique combina
tion of ease of u e, flexibility 
and real-world problem olv
ing make it the tool of choice 
for cientific and engineering 
data vi ualization .You'll gain a 
competitive edge with Tec
plot' feature-rich capabilitie 
and cro platform compatibili
ty. And with Tecplot, there i 
practically no learning curve 
- impl load your data and 
tart vi ualizing and tailoring 

your plots. 

Publish your 
results directly to 
the Internet with 
new Tecplot 8.0! 

Tecplot 8.0 empower cien
ti ts and engineers to commu
nicate more effectively via the 
internet with new options for 
publication and collaboration. 

Tecplot 8.0 features include: 
• Directly acce remote data 

via the ftp and http protocols 
• Publi h re ults directly to 

the web 
• Output plots in BMP, P G 

& AVI web brow er upport
ed formats 

• Provide unmatched, built
in Internet connectivity 

• Delivers un urpas ed ease
of-use 

Amtec Add-ons: 
CFD Analyzer: 
Simplify Your CFD 
Post-Processing 

Amtec's CFD Analyzer pro
vide Tecplot users with exten-
ive analy i capabilitie for 

post-proce ing CFD data. In 
addition to calculating fluid 
dynamics variable and per
forming integration, CFD 
Analyzer create Liroe-depen
dent particle path and per
form error analy i of CFD 
re ults. CFD analyzer is an add
on acce ed from Tecplot' 
Tools menu to quickly provide 
you with a rich et of features 
that enhan e your productivi
ty. Your time is valuable-let 
crn Analyzer help you get the 
mo t out of your data. 

Mesh Generator 
Mesh Generation Made Easy 

Mesh Generator provide 
Tecplot users the power to 

56 

increase productivity b quick
generating computational 

me he in a ingle tern for 
pre-and po t-proce ing. 

Our Company - Almec is a 
market leader in CFD and 
phy ical proce vi ualization. 

ince 19 1, we have released 
numerous versions of Tecplot, 
our award-winning visualization 

product, and other oftware 
tools for 'enlists and engineers. 

Our Mis ion - Deli\·er 
effective oftware olution for 
cienti ts and engineers to di -

cover, analyze and communi
cate re ults. 

Our Customers - Amtec 
products have enabled thou
and of cienli t and engi-

AMTEC ENGINEERING , INC. 

~r'i.ecIItII 
:.t r iuO_ r_ 
[!,p-

ffi-.-J 
P/lUGAedI..., 

Oud£'" 

r 

www.nasalech.com 

neer worldwide to produc
tivel vi ualize technical 
data and to numerical! im
ulate fluid flow. Our global 
cu tomer ba e include lead
ing companie , univer itie 
and government re earch 
agenci . 

Our Staff - t Amtec, p 0-

pie make the difference. Our 
team of highl kil!ed 
and creative profe ion
aI are dedicated to pro
viding u eful and high 
quality products and er
vi e to our valued cu-
tomer . We con tand 
make innovative en
hancements to our prod
ucts based on customer 
feedback. We take pride 
in taking the extra effort 
to help our cu tomer be 
ucce ful. 

Far mare infannation, c0n

tact Amtec Engineering, 
Inc. 13820 SE Eastgate 
Way, Su. 220, Bellevue, WA 
98009-3633; Tel: 1.800. 
763.7043 ar 425.653.1200; 
e-mail: injo@amlec.com. 
www.amtec.com 
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Download a Free 
Demo at 
www.amtec.com 
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FLLJORA lCS,l C. 
Fluoramics is the company 

everyone calls when their 
machinery is using too much 
down time and not running 
moothly the re t of the time. 

They are the inventors, 
manufacturers, and diuibu
tors of the "Tufoil®" product 
Line, which includes indusuial 
lubricants, greases, oxygen-
afe ealants, and even cu tom 

lubricants when necessary. 
In their 25-year history, 

Fluoramic has been no 
stranger to awards. Several 
years ago, The Guinness Book of 
World Records chose Tufoil as 
"The World's Most Efficient 
Lubricant" because of its out
standing ability to reduce fric-

TRllMENTS, 1!~IC. 
A World of Measurement Solutions 

Keithley In truments, Inc. 
develops highly accurate 
instruments and data acquisi
tion products that measure low 
levels of voltage, resistance, cur
rent, capacitance, and charge, 
along with complete ystem 
olution for high-volume pro

duction and as embly testing. 

As a world leader for over 50 
year in preci ion electri
cal mea urement olutions, 
Keithley specialize in equip
ment for research, design 
engineering, and production 
test applications in a wide 
range of electronics indusuies. 

Communications 
Keithley offers a broad Line of 

fully integrated products for 
testing portable telecommuni
cations device such as cellular 
phone, pagers, mobile radio 
base station, and digital switch 
systems used in product de ign, 
production, and QAI QC labs. 

ST. 111.1 SPEC' LTY COMP 
tabl pecialty Company i 

a leader in the aluminum 
foundry indu try and has 
been making casting from the 
tilt-pour permanent mold 
proce since 1946. Appli
cations uch as automotive, 
agdcultural, heavy truck, 
marine. and food ervice are 
orne of the markets erved. 
tahl has been making parts 

for the automotive industry 
since 197 . One area of appli
cation for automobile that 

tahl has expertise in is sus
pen ion parts uch as control 
arms. tabl has supplied con
trol arms to the automobile 
industry inee 1993. 

The main reason for eon-

verting uspen ion parts to 
aluminum from other materi
al uch as iron casting and 
teel tamping is weight sav

ings. Thi translate into lower 
vehicle weight and better fuel 
economy. One important ide 
benefit di cO\iered after the 
implementation of aluminum 
control arm was an improve
ment in un prung weight of 
each wheel, which refers to 
the amount of mass of each 
wheel that is available to be 
"thrown around~ as the vehi
cle encounters road imperfec
tions such as bump and pot
holes. Additionally, aluminum 
control arm dampen the 
impact better than steel 

Semiconductors 
Keithley's products include 

instruments and systems widely 
used in design and develop
mem, as well as systems for 
parameuic testing. 

Electronic Components 
Keithley' growing line of 

high-throughput olutions for 
component testing encompass
es the entire specuum of con
trol, connect, and source-mea
ure instrumentation. 

Recently, Keithley test and 
measurement innovations have 
induded an expanded selection 
of PCI-based data acquisition 

stamped con
trol arm, re-
ulting in Ie s 

vibration cran 
mhted through 
the car. 

Aluminum 
control arms 
are fuirly new to 

th automotive industry, but 
they are becoming more wide
pread each model year as the 

confidence level increases in 
their ability to perform in many 
different vehicle applications. 

uperior mechanical proper
ties and casting soundness are a 
must for the a1u.ntinum control 
arm to be uccessful. A sound 
casting, combined with a eus-
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tion and wear. Frank Reick, 
the inventor of Tufoil and 
Pre ident of Fluoramic , was 
cho en "Inventor of the Year" 
in ew Jersey in 1990. 

It' worth the uip to the 
www.tufoil.com web ite. You'll 
find the full data heet and 
MSDS on each award-winning 
product that you can print out 
and use at your convenience. 

For more infonnation, contact 
Fluoramics; Tel: 800-922-0075 
or 201-825-8110; Fax: 201-825-
7035; e-mail: fgreick@ix.netcom. 
com; wuTW.tufoil.com 
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and digital input/output boards, 
high~peed power supplies opti
mized for testing battery-operat
ed wireless de-vices, and several 
additions to its already broad 
line of switch cards. 

With more than 550 employ
ee, subsidiaries in ten coun
tries, and sales representatives 
in more than 40 counuies, 
Keithley truly offers "A World of 
Measw"ement Solutions." 

For more infomwtion, contact 
Keithley Instruments, Inc., 28775 
Aurora Road, Cleveland, OH 
44139; Tel: 888-534-8453; Fax: 
440-248-6168; wurw.keithley.com 
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tom tailored heat treat, will 
yield a casting \vith exceptional 
mechanical properties. 

For more information contact 
Stahl Specialty Company, 111 
East Pacific, PO Box 6, Kings
ville, MO 64061-0006; Tel: 800-
821-7852; Fax: 816-597-3485; 
wurw.stahlspecialty.com 
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ADVERTISEMENT 

Drop Test Analysis Performed with MES Software 
Determines Limits of ELF Oil Rig Protection Net 

This artist's rendering shows the main oil platform and two satellite drilling 
rigs currently under development in the North Sea. (Inset shows construc
tion site in Scotland.) Pipelines on the ocean floor will transport oil to the 
main platform via oil-carrying risers within the platform legs. The oil will be 
processed and then carried ashore via separate export lines. ALGOR's 
Mechanical Event Simulation software was used to determine the limits of 
protection nets, which will be positioned at the top of two legs to prevent 
objects from falling into the leg trusses and damaging oil-carrying risers. 

Advances in computer-aided engi
neeling technology are enabling 
engineers of all discipline to create 
more complex, detailed finite ele
ment model that realistically imu
late the behavior of interacting 
ys terns. Recen tly, engineers at 

Selantic Industrier A.S. in Agotne , 
orway u ed Accupak / VE 

Mechanical Event Simulation 
(ME) oftware from Pittsburgh
based ALGOR, Inc. to simulate 
a teel container impacting a 
dropped object protection net-a 
virtual prototype te t that previou -
Iy could only be performed physi
cally in a laboratory. 

elantic engineers were asked 
by Technip-Geoproduction of 
France (Technip) and McDermott 
of the UK in partner hip with ELF 
Exploration K PLC to develop a 
new protection net for a 'Jack-up" 
oil rig. Thi type of platform is con-
tructed onshore a one complete 

unit and then towed into po ition 
at ea where its leg are lowered. 
On contact with the eabed, its 
deck i jacked-up above ea level. 

The ELF platform i currently 
under development in the orth 

Sea off of the East Coast of the K 
A protection net will be situated 
within the tru ses of two of the plat
form's three triangular- haped legs. 
Each net will be attached to a circu
lar steel ring po itioned ju t above 
tile leg. 

Loading cranes located directly 
above the leg will transport ship
ping containers carrying supplie 
between the platform and hip 
daily. The protection net will pre
vent falling containers from dam
aging oil-carrying riser , which are 
mounted in ide the leg and trans
port oil from the ocean floor. The 
engineer needed to restrict the 
net' maximum deflections to pro
tect the ri er while en uring lie 
net will with tand tres e created 
upon impact by a container. 

The MES Approach 
Lars Bjoland, technical manager of 
elan tic Industrier and an ALGOR 

customer for over seven year , is no 
tranger to ALGOR's finite element 

analy i (FEA) oftware; however, 
the protection net project \va hi 
first attempt at u ing ALGOR' 
Accupak/VE MES capabilitie . 

w\\w.nasatech.com 

"In the beginning of the pro
ject, m colleague performed orne 
rough hand calculation [0 deter
mine the be t approach for the net 
de ign," Bjoland aid. "\! e could 
not make an olid conclu ion 
from his work becau e it wa too 
\'ague. Performing the calculation 
manually would be impo ible." 

The next logical tep was to 
turn [0 FEA. Bjoland originally 
modeled the net u ing uper
draw III, ALGOR' preci ion finite 
element modeling tool, and 
replaced the falling object with 
nodal force acting direction the 
net. Bjoland wa un ati fied with 
this for two rea on : calculating 
the correct loading wa complicat
ed and time con uming and repli
cating the real-world behavior of 
the net impacted by a container 
wa impo sible. 

Modeling the container and 
applying known physical properties 
such as its dimensions, mass and 
the height from which the contain
er fall enabled Bjoland to realisti
cally imulate the interaction of the 
container and the net within a 
hort time frame. 

To et up the MES, Bjoland 
added a container model to the 
existing protection net model. The 
net model was made of trn ele
ments with three degrees of free
dom. A rope would exhibit re is
tance only when pulled outward like 
a cable when the object trikes the 
net; thu , Bjoland did not con ider 
bending moments. 

Bjoland po itioned the S,OOO-kg 
teel container model measuring 2 

by ·2 m, approximately 12.6 m 
above the net The net had three 
ide , each 16-m long, and was ter

minated in each of the three cor
ners with fully constrained bound
ary condition. He specified gravity 
for the container. Bjoland de ignat
ed contact elements between the 
container surfaces and the net to 
enable complete interaction , 
including the tran fer of inertia 
from one object to the other. 

Then Bjoland pecified the 
duration of the ME becau e he 
wanted to imulate the ystem' 
behavior over time. Mter pecifying 
material propertie of steel for the 
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container and of aramid, a nthet
ic fiber, for the rope , Bjoland 
proce ed the nonlinear elastic 
material model with Accupak/VE. 

Analysis Results and Modifications 
According to Bjoland, the initial 
deflections exceeded Technip's 
failure criteria of 2.6 m. the dis
tance to oil-<:arrying ri er beneath 
the net. Bjoland performed everal 
variations of the analysis, dropping 
the container at the center, at one 
comer and along the edge of the 
net, to confirm the re ults. 

"After the first set of analyses, 
we were able to determine that the 
current net design would fail under 
the extreme loading from the 
impact," Bjoland aid. "Without 

ccupakjVE, we would have been 
required to make a prototype to get 
the same conclusion." 

Technip revi ed the require
ments and asked Bjoland to per
form a modified set of analyses. The 
new net design included ropes 
made of a high-performance fiber 
HMPE (High Molecular Poly
ethylene), a lightweight fiber mate
rial that is stronger and exhibits the 
be t elasticity and breaking 
strength . In addition , the new 
de ign called for nine termination 
points at the corners and along the 
edges compared to the previous 
design ' three points. Three of the 
points will be adjustable in order to 
pre-tension the net. 

The modified set of anal} es 
revealed much more reasonable 
deflections throughout the net and 
atisfactor material dimen ion . 

Stre e at the termination points 
were higher, but within acceptable 
limits, according to Bjoland. In 
addition, the MES howed that the 
net would tretch permanently 
under maximum loadmg. Thi was 
not a concern because a net will be 
replaced after each drop incident. 
To pre ent the re ults to his client, 
Bjoland created .avi file from tlle 
ME using ALGOR and converted 
them to H ,ideo format. 

Physical Prototype Testing 
Bjoland anticipate conducting 
mall cale ph} ical prOlOt)"pe tests 

to confirm the ~1ES. This te ting 
\~;Il replace full- cale te ting that 
would have been nece arr if he 
had not used Accupak rEo This 
translate into Ie time and mate-
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rial co ts for prototype te ting as 
well as decreased time-la-market. 

"Had we not used Accupak/VE, 
we would have needed to do full
scale te ting to find deflection and 
termination force ," Bjoland aid. 
"We al 0 would have been re
quired to perform additional 
ph}' ical testing to determine the 
de ign modification that we made 
after the initial Mechanical Event 

imulation. " 
This mall- cale ph}' ical prota

type te ting i planned for 1999 
with the platform becoming opera
tional in the year 2000. Bjoland 
expects to use Accupak/ VE for 
future projects. "Engineers always 
need to be open to new ways of 
olving problems to get the best 

result ," Bjoland said. "If we 
hadn 't been open to a new method 
of modeling in this case, we would 
not have been able to how the 
behavior of the nel as quickly or 
inexpensively. " 

Algor, Inc. 
150 Beta Drive 
Pittsburgh, PA 15238·2932 
Phone: +1 412·967·2700 
Fax: +1 412·967·2781 
E·mail: info@algor.com 
Internet: www.algor.com 

ALGOR has been a leader in the engi
neering software industry since intro
ducing FEA for PCS in 1984 and inter
lacing with CAD systeITl5 in 1985. For 
20 years. ALGOR has provided finite 
element user with innovative, afford
able and easy-to-use software productS 
and superior educarional suppOrt and 
cusromer service. More than 16,000 
engineers of all disciplines in 60 coun
tries use ALGOR to create safe. efficient. 
cost-effective designs. 

ALGOR's FEA-based AccupakIVE 
Mechanical Event imulation (MES) 
oftware analyzes motion and flexing in 

mechanical events, replacing physical 
prororyping with virtual prororyping. 
'ew kinematic element technology 

makes MES with CAD solid models and 
assemblies more practical by reducing 
run times. 

ALGOR offers a range of FEA 
capabilities including linear and nonlin
ear stress, vibration and natural frequen
cies. heat rransfer, electrostatics. fluid 
flow, piping design and composite mate
rials. Algor's entire range of modeling 
and analysi tools works within and 
alongside CAD systems. Algor has 
strategic relationships with major CAD 
companies and offers InCADP"" plug-ins 
for Pro/Engineer, olidWorks, Solid 
Edge. Autodesk and others. 

For more Information Clrd" No. 660 

The Mechanical Event Simulation predicted the deflections and stresses 
caused when a container, such as the one shown in the inset, falls from a 
height of 12.6 m. The analysis verified that maximum deflections would be 
under 2.6 m, the distance to crit ical oil-carrying risers beneath the net 
Because virtual prototypes of the net were created using Mechanical Event 
Simulation, Selantic will not need to conduct full-scale laboratory tests, 
decreasing the t ime and cost of physical prototype testing. 
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Everything you need to know about the aerospace industry 
is right on your desktop! 

• late-breaking industry news, updated daily to keep you current 
• original articles from experts, to help improve job performance 
• instant links to thousands of vendors, for product knowledge and buying access 
• classifieds and career information, to keep you aware of job opportunities 
• daily and weekly auction opportunities, to help you buy and sell at 

great prices (including overruns and overstocks) 
• one-of-a-kind online industry newsletter 

Register now on www.aerospaceonline.com/win and get 
FREE access to complete industry information and solutions ... 
and you'll be automatically registered for a chance to win a 
FREE state-of-the-art, blazingly fast IBM ThinkPad, too! 
We'll include a FREE laptop carrying case when you 
enter Prize Code AO 1 04NTE in the appropriate box. 

It's e Bu iness to Business 

ww'W.aerospaceonline.com/win 
Another VerticalNet Community 

A0104NTE 



NeWonthe 

MARKET. 
Portable Data 
Acquisition 

The WRJOOO portable data 
acquisition system from 
We tern Graph tee, Irvine, 

CA, is de igned for high
capacity analysis, display, 
and logging of both static 

and dynamic data. IL is avail
able with 8, 16, 24, or 32 channel 

that allow mixing/matching of up to 16 
channels of voltage, frequency, bridge, and volt

age thermocouple preamps. The system processes data fOl real-time 
display, using RAM of256 (optional 512) Kwords/channel. 11 also cap
ture data in real time to a built-in 9-GB hard drive or to external stor
age. The system measures 15 x 13 x 5 inche in its 16-channel ver ion, 
makillg it suitable for field, laboratory, and factory-floor applications. 
Circle No. 700 

Hermetic Seals 
Tekna Seal, Minneapolis, 

MN, a division of Maxwell 
Technologies, ha an
nounced a line of hermetic 
headers, connectors, and 
feed-throughs that feature 
pins made of alumel, 
chromel, or copper. These pin 
material can be used in glass-to
metal seals with a variety of body material . 
Alumel, chromel, and copper pin materials are used in the tempera
ture-sensing indu try and other applications requiring low electrical 
re istance. Circle No. 702 

Urethane Adhesives 
Loctite Corp., Rocky Hill, 

er, olTers PROFORM'" 3630, 
3631, and 3632 reactive ure
thane hot melt adhesives. The 
solid, single-componem StruC
tural adhe ives behave like tan
dard hOL melts until partialI seL 
By reacting "ith moi lUre (0 

ero link, reactive urethane form a new polyurethane polynler. 
Reactive urethanes also are heaL and chemical resistanl. Applications 
include automotive assembly and panel assembly. Circle No. 703 

Quick-Release 
Connectors 

Barksdale, Lo Angele, 
CA, offers a variety of 
quick-release eleCtrical 
connectors for their level
s\\1tch producL line. The 
Model BLS-7 features inter-
nal or external side mount
ing; non-metallic-welded. no
leak con lfUction; and broad media compatibility. The BLS-700 is cus

tom-built LO pecification, meeting cu tomer requirements for 
mounting, float and stem material, number of S\\itch points, electrical 
rating, and overall length. Circle No. 709 
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Precision 3-Axi 
MagnetometeF 
for demanding applications requuing high accuracy, compact SIZe 

and low power consumption « 40 mw). Input voltage IS + 12 VDC; 

dynamic range IS +f- 70.000 nT: scale 

factor is 7,000 nTN. Custom 

configurations are available. 

The FM02 IS ideally suited 

for use in attitude heacf1ll9 

reference systems. 

borehole navigation 

and magnetic 

measurement 

systems. 

HUMPHREY. Inc. 

92'2 Bahoa Avenue 

San Diego CA 92123 

Ph 858 565 6631 
Fax 658 565 6873 
em<U. humphreysalesOremec.com 

HUMPHREY 
Internet www.humphreylnc.com A SUB SID I A R Y 0 F REM E C 

For More Information Circle No. 420 

NEW EPOXY SYSTEM 
CUDS QUICKLY AT 

LOW TEMPEUTURES 
Designed To Your Specifications 

MASTER BOND EP27 
• Two part epoxy system 
with a convenient non
critical mix ratio. Readily 
cures at temperatures as 
low as 40°F. Long term 
resistance to immersion 
in aggressive organic sol
vents including ethanol, 
toluene, butyl cellosolve, 
etc .• High adhesive 
erties to a wide range of 
metallic & non-metallic 
substrates. low viscosity, "---~ 
easy application for coatings, sealants and/or adhe
sives • Long shelf life • 100% reactive - no VOe's 
• Convenient packaging 

Master Bond Inc. 
Adhes;ves,. Sealants & Coatings 

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

www.masterbond.c:om 
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For More Information Circle No. 422 

Call for Proposals 
The U.S. Department of Energy (DOE) 

Small Business Innovation Research (SBIR) Program 
is providing funding for Advanced Monitoring 
Technologies for Soils, Sediments & Groundwater, 
Atmospheric Measurement and Sampling 
Technology, and Carbon Cycle Measurements of 
the Atmosphere and the Biosphere. Grant 
proposals are desired in the following areas: 

• Characterization of Cloud Particles 
• Characterization of Organics in 

Aerosols 
• Balloon Sonde Sensors 
• Radiometric Instrumentation 
• Sensors for Carbon Cycle 

Measurements 
• Fiber Optic, Solid-State Chemical and 

Silicon Sensors 
• Biosensors 

The detailed DOE-SBIR solicitation is available at the 
web site http://sbir.er.doe.gov/sbir or by calling 

301-903-5707. 
Qualified U.S. small businesses are encouraged to apply. 

The closing date is February 29, 2000. 

62 For More Information Circle No. 423 

Newon 

DISK 
Visual Data Analysis 

P -WAVE 7.0 visual data anal} is development oftware from VISual 
umeIics, Boulder, CO, combines data analysis, data visualization, and 
tem administration. The software is an open environment for devel

oping and deploying visual data anal is (VDA) applications. P -WAVE 
7.0 features 76 new mathematical and statistical anal is routine from 
the company' Th1SL C umerical Library, new functionality for array 
manipulations, and an improved mapping module. Floating license can 
now be hared between Wmdows and UNIX platforms. Circle No. 712 

Factory Automation 
Engineering Animation , Arne, IA, has 

announced Open VIrtual Factory (OVF) oft
ware for visually integrating an enterprise' 
complete manufacturing process, from initial 
product design to final production. The pr<r 

gram enables users to share visual data, including ergonomics and 
human factors, factory-layout data, and product and process features. 
Manufacturers can place virtual humans within simulated factory layouts 
for ergonomic and safety analysis. Circle No. 713 

Plastics Part Management 
C-M OLD , Louisville, KY, offers C

MOLD KnowHowl, a Web-based envi
ronment for creating, managing, and 
publi hing plastic part design and 
manufacturing engineering data. The 
software enables collaboration between 
engineering teams, functioning as a plastics-engineering workgroup por
tal. sers can add their own content to KnowHowl 's repository of plastics 
information. It also erve as a front-end to C-MOLD' CAE applications, 
including Project Engineer, 3D Quicl,Fill, and C-MOLD Advanced 
Solutions. The program comes with a built-in Web server that facilitates 
acce to and management of information. It can be installed on any 
Wmdows NT server or workstation, and is accessed by a standard Web 
browser. Circle No. 714 

3D CAD Model Viewer 
ActilY, San Francisco, CA, has announced that its 3D Vlew~ CAD 

model viewer now supports Parametric Teclmology Corp.' Pro/ ENGI
NEER CAD system, a1IO\ving users to view and share native Prol E parts 
and assemblies without acce to a Prol E workstation. 3D VIew enables 
non-CAD profe ionals to view, measure, and markup native CAD files 
where no CAD system, server, or transition is required. IL allows CAD 
designers to share 3D models with suppliers, customers, martagers, sales, 
marketing, and other engineers. 3D VIew also upports CATIA, IDEAS 
Web Access, SolidWorks, Solid Edge, AutoCAD, Mechanical Desktop, 
and Parasolid. Circle No. 715 

Visualization and Analysis 
Intelligent Light, Lyndhurst, NJ, offers 

FieldVlew 6 anal is and visualization oftware 
that provides integration "ith CFD workflow, 
enhanced numerical calculations, and pre
entation rendering features. It also contain 

a data handling technology called Data Guide~. Other features include 
numerical export to integrate CFD re ults with external applications, 
and floating licenses acro mixed IX and Windows networks. 
Advanced lighting, rendering, and color control features also are includ
ed. Circle No. 717 
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New 

LITE ATURE 
Electronic Connectors 

Molex, Lisle, IL. offers a 1,598-page full
line catalog with new listings for HiSpec' 
edgecard connectors. Rl~1:~f memory sock
ets, cable products, and PanelMate~ 1.25-
mm wire-la-board connectors. Catalog 'ec
lions are organized by product applica
tion, and a new de ign guide detail HDM 
backplane and midplane connectors. 
Circle No. 720 

PC Systems Handbook 
CyberRe earch, Branford. CT. has released 

the 1999-2000 PC S)'sterllS Handbook for Scientists 
and Enginel'TS. Till 196-page handbook incor
porates a buyer's guide. specification charts, 
tutorials. and a catalog of more than 3,000 
products. Li tings include indmtrial PC sys
tems, data acquisition and control equipment, 
rack-mount PC', CPU cards, engineering 
software. instrumentation, and motion con
ttol. Circle No. 721 

Data/Signal Protection 
A catalog from Control Concepts, 

Binghamton. NY. features data/signal pro
tection and surge protection equipment. 
Included are facility-wide. sine wave urge 
protection devices; Active Tracking products 
for protecting critical microprocessor-based 
equipment; and data/signal products utiliz
ing high-speed, high-energy components in 
a variet), of application-'ipecific voltage lev
els and configurations. Circle No. 722 

Power Metering 
An 8-page guide from Power Measurement, 
aanichton, B Canada, describes the rON 
crie of digital power meter; and networked 

software. election charts help match products 
to applications, which include power-quality 
analysis, revenue billing. energy and demand 
profiling, co l allocation and load aggregation, 
alarming and control, and report generation. 
Circle No. 725 

Compressed-Air Products 
EXAIR corp., Cincinnati. OH, offers a 

72-page technical guide featuring con
trol-panel coolers, quiet air knive • air
SlI\;ng nOzz}e5, vortex tubes, tool coolers, 
air-operated conveyor. indu trial 
housekeeping products, and static elim
inators. The products are de igned for 
problem as ociated with indu trial 
cooling, blowoff. cleaning. drying, 
conve~;ng. and taLic electricty. Circle 
No. 726 
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The Leader in 
&c9JWCi100@@@] 
Composite 

Training 
• Composite laminate De.lgn 

• Design and Analysl. of 
Composite Structural Joint. 

• Structural Analysl. and 
Repair Design 

• Advanced Composite 
Drawing Interpretation 

• Ultrasonic Inspection of 
Advanced Composite. 

Training at our facility or yours. 
Call for our complete 1.3-course catalog. 

Abarfs Training Resources, Inc. 
5401 Longley Lane. Suite 49 

Reno, NV 89511. USA 
(715) 827~568 • Fax: (715) 827~599 

www.abarfs.com·&-mall:sc@abarls.com 

(800) 638-8441 
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Introducing the NEW 
Dash 8 Series 
Recorders ... 

You provide 
the signals, 

we'll handle the rest 
• Signal conditioning for any application 
• 10.4 inch color monitor for real-time 

viewing and playback 
• Internal 2 Gbyte hard drive for data 

capture 

• 100 Mbyte Zip drive for storage 
• 8 Channels with isolated inputs 
• Real-time math option 
• Rugged , compact and portable

less than 20 Ibs 

The all-new Dash 8 series features two models, each engineered for specific input types. 
The Dash 8n is designed with high voltage, isolated inputs, while the Dash 8u features 
universal inputs for voltage, temperature, DC bridge and optional F to V, RTD and high 
voltage inputs. The Dash 8 series - truly remarkable recorders and data acquisition 
instruments ideal for all your recording needs. 

Call, f -mail, Fax, or write to us today for all the details. 
Sales and Service Centers throughout the 
U.S. , Canada and Europe. m ]®AsfIO-Med;lnc. 
Dealers located throughout the world 

Astro-Med is System Certified to ISO 9001 

Other recorder and data acquisition products from Astro-Med 

DASH II DASH IV DASH 10 

TEST & MEASUREMENT DIVISION 

Astro-Med Industrial Park, West Warwick, Rhode Island 02893 
Telephone: (401) 828-4000 · Toll Free: 1-877-TMSYSTEM ' Fax: (401 ) 822-2430 
In Canada Telephone: 1-800-565-2216 
E-mail: astro-med@astro-med.com • Web Site: www.astro-med.com 

I
~:~ 
I . . : 

MT95K2 AstroDAQ 2 
Portable 2-Channel Recorder Portable 4-Channel Recorder Portable lo-Channel Recorder 

Flagship 32-Ghannel Rackmounl 
Recorder Portable Oala Acquisilion Syslem AslroDAQ 

3O-Channel Dam Acquisilion Syslem L--____ _ 



The Power of ID L 

Searching for powerful data 
analysis and advanced graphics? 
Do you need a complete processing and visualization solution? Look to 

IDL' , the blteractive Data Language. 

10L combines a robust cross-platform environment fo r the access, 

analysis, and visualization of any data with a full-featured suite of 

development rools. With its object oriented 4GL, hardware accelerated 

graphics system and powerful analysis, 10L is the ideal platform for 

technical application development. 

Download IDL today at 
www.rsinc.com/results 

EEE IDL. 

IDL 

IDL combines all of 
the rools you need for 
any rype of project 
- from "quick-look." 
interactive analysis 
and display ro large

scale commercial programming projects. This 
easy-ro-learn. cross-platform, application 
development software is relied upon by 
analysts and engineers around the globe. 

Research Systems offers off·the· 
shelf software packages built 
with IDL that deliver analysis and 
results with point·and·click ease. 

Do -"",,---..-
ION 
ION bring; the powerofIDL to 

the internet allowing you to 
rollaborate across netWorks and 
the Web. 

VI P 

Delivers the power of ID L data 
analysis and visualization without 
programrning. 

ENVI 
ENVI, the Environment for 
VIsualizing Images. is the leader 
in remote sensing data analysis. 

NOeSYS 
A=. edit. organize and 
visualize large multi-<limensional 
data - without programming. 

RiverTools 

The most powerful OEM tool 
for analysis of terrain and 
river netWOrks. 

tel: 303.786.9900 email: info@rslnc.com 

Internat,onaI01l".s AustflCl • Germany . lIechtenstein · luxembourg . SWitzerland . The Netherlands · Brazd · China · France · Belgium . India . Italy . Japan . Korea . Spain · POrtugal · Taiwan · United Kingdom 
1lI. •• ~_andlON •• _af_~Inc""' •• '-al"""""'Inc:EIM •• ~ __ afl&.UC IMrTools ••• ademart<af_UC """", •• _afFoMer_U.C Alr91!S~ 

For More Information Circle No. 554 
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