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Call today for your FREE 
HQ evaluation software 

and ask about our FREE 
offer for MATL4B users.

Get Connected'. 
with HIQ4.O 
Analyze 
• Connect powerful HiQ-Script analysis to your other 

software tools using ActiveX 

• Drag and drop your Excel data into HiQ for 
easy interactive analysis

e • Leverage your existing MATLAB programs 
with HiQ connectivity and M-File translation 

• Connect to real-time data acquisition using 
National Instruments ComponentWorks" ActiveX controls 

Visualize 
• Embed interactive HiQ 3D graphs in your	 L 

Word document or PowerPoint presentation 
• Drag and drop data from other applications 

onto HIQ graphs for easy data visualization 
• Create customizable OpenGL 31D contour 

graphs 
• Animate your graphs for real-time visualization 
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• Automate your report generation from other 

applications using ActiveX 
• Share data with Microsoft Office, LabVlEW, 

Visual Basic, and MATLAB 
• Create dynamic Notebooks that automatically reflect 

changes in your data 

See how easy it is to get connected with HiQ 4.0! 
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3D—The new dimension in productivity 	 U


Make your ideas real in 3D with Mechanical Deskto 

the leading 3D design software that unites 21) and 3D 

design for Windows®95 and Windows NTO Power, precision 

and flexibility make every model a winner.Genius Desktop 

adds 3D design automation tools plus libraries of intelli-

gent parts The result? Less repetition, more productivity. 
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£ FLEXIBILITY MIGHT BE ONE OF THE 

last things you think about when buying 
torage enclosures, but the first thing you 

.cd when your storage requirements grow or changc 

rhe Kingston Data Silos DS500 chassis proviJru 

maximum flexibility in an ever-changing em 
fl 

• Implement RAID and JBOD in same chassi 
• Install removable, fixed, full and halfheigl1t dc\ 

• Supports up to 4 hosts  
• Redundant, hot swappable fans and power ppl ir- 

• Tested with 101< RPM drives 	
­• Supports up to 12 Data Express removtihiC 	 I 

• Choose from black or white paint 	 - 
.kingston.com/ 

• Tower/Rack conversion kits available  

Compatible with SCSI 2, 3, and Ultra, and t0ted woh 
\daptec CMD IBM Mylex Quantum Seagatc I\\restem Digital and more. Call a Kingston Rcpresentatn e 

ui 1-)9-9370 to find out more 
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32	 Program Performs High-Precision 
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32	 Software for Navigation of a Spacecraft 
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This month, we begin the second half of our year-
long celebration of NASA's 40th anniversary with 
innovations in the areas of Electronics, Sensors & 
Robotics. The Memory Short Stack' is an innova-
tion developed by Irvine Sensors Corp. under a 
NASA contract. The 3D semiconductor package is 
a cube consisting of dozens of circuits stacked on 
top of each other. Today, the short stacks are used 
in virtually all types of electronic assemblies. For 
more information on this and other NASA-devel-
oped technologies, see the feature beginning on 
page 20.
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demo v ideo	 -
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+1 (412) 967-2781  Products	 : When the Engineering
a,' A 'Idress ,_,..	 Has to be Right 

ly	

Company

1 150 Beta Drive	
PA 152382932 

Services	
State/p	

Zip/Posta
USA 9 

_5elePhone	

Code	
Phone +i (412) 967-2700 

I 	

untry	

Fax: +1(412) 967-2781 
California: +i (714) 564-0844 Eurup	 LJIK}	 44 (	 ( T' ............ -



Contents continued 

65	 Passive Capture Joint With Three 
Degrees of Freedom 

66	 Microscopic Heat Exchangers, Valves, 
Pumps, and Flowmeters 

67	 Miniature Side-Bore 
Sample-Acquisition Mechanism 

68	 Emergency-Shutoff Valves Would be 
Triggered by Accelerations 

70	 Procedure for Designing Safe Robots 

72	 Automatic Thermal Switches With 
No Moving Parts 

74 Machinery/Automation 

74	 Lightweight "Beach-Ball" 

Robotic Vehicles 

77	 Laser Anemometer Measures Flow in 
a Centrifugal Compressor 

On the cover: 
IPA 4.0 three-dimensional, photorealistic animation and 
visualization software from Immersive Design of Acton, 
MA, was used to produce this frame of an assembly 
simulation of a grain valve. In addition to IPA 4.0, this 
month's Special Coverage on Graphics & Simulation high-
lights other new software, as well as new NASA tech-
nologies in navigation simulation and graphical analysis 
of processes and effects. Our coverage begins on page 32. 

(Image courtesy of Immersive Design)

39-96 This year, the first component of the Inter-
national Space Station (/55) will be launched, 

more than three decades after NASA first envisioned the 
orbiting research facility. The /55 is becoming a reality thanks 
to 17 partner nations and hundreds of commercial suppliers. 
This special section looks at how the ISS came to be, focusing 
on companies that supplied their products to the design and 
construction of the station, and the breakthrough technolo-
gies that already have come from - and are expected to be 
discovered through - space station research. 
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Everything 
else is history. 

As engineers, it's hard enough to be constrained by physics, don't be 
constrained by software. Ir0nCADTM brings freedom to design with its 
revolutionary Design FlowTm Architecture—the first and only non-history 
bound solid modeling system with the power to capture design intent 
without design intent capturing you. In the real world, you can't 
anticipate or "intend" everything required from concept to production. 
Unlike existing solid modeling systems, IronCAD enforces design intent 
when it makes sense, and allows design freedom when it doesn't. 
Need more data? Of course—we're engineers aren't we? 

www.ironcad.com


The next industrial revolutionhM. Join it ... or be left behind. 


1-800-339-7304
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There are 
a ton of reasons 

to use Vespel just 
about anywhere. 
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The reasons reasons to use Vespel polyiinide parts and shapes 

keep piling up. And not just because they stand up to heat, 

friction, pressure and aggressive environments - with 

minimal or no lubrication. Manufacturers are finding that 

Vespel parts in a wide range of applications can really 

trim the bottom line. That's because the reliability and 

long life of Vespel parts can make them the most cost-

effective choice for general applications in the long term.

Ii our applications require parts that can withstand 

extreme temperatures (cryogenic to 550 F), Vespel should 

be your first choice. Vespel should also be considered 

for parts that rub together, if metal parts are too noisy, 

or if fluid flow needs to be controlled. 

Superior performance and reliability aren't the only 

ways Vespel can save you money. Often, you can con-

solidate two or more existing parts in one Vespel® piece.



IF YOU WANT


TO GET TECHNICAL 

For information,


call 1-800-972-7252.


Or write: DuPont Vespel


0-52491, P.O. Box 80010, 


Wilmington, DE


19885-1010.

And VespeF parts can be direct-formed. 

which eliminates machining costs. 

When you consider how cost-effecti c 

Vesper parts can be in the long term, 

it's clear that we don't just make better 

bushings, bearings, washers and seals. 

We make better sense. 

www.dupont.com/enggpolymers

VU P &ON, 
Vespel 
Pokililide PIrI and Shapes 
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r Seal Rings. 
In the assembly of automobile 

transmissions, and farm and 
construction equipment. 

• —	 '.. Vesper seal rings reduce 
-	 cost.s by replacing expensive 

metal rings, which can fracture 
or deform during assembly. 

-	 They also reduce warranty 
costs by producing 
a better seal.

Bushings.  
In aircraft engine vanes, Vespel' bushings ss ithstand ttigh.lrcquency 
vibration dithering and offer excellent stability and lubricit y at extreme 
temperatures. They also reduce assembly time. 

Thrust 
Devices. 
The automotive industry counts 
on Vmpel thrust devices because 
they reduce friction, extend 
component life and can be easily 
molded. What's more, the variety of 
Vesper grades allows 
manufacturers 
to specify the 
properties they 
need most.

of

Insulators. W 
In plasma-arc cutting torches. 

Vespel insulators provide superior 

sirctigth and durability at high 

teiriperatures up to 550 F. lasting 
up to six times longer than 

fragile ceramic insulators. 

uuI!4k 
Stripper Fingers. 
Thanks to its high temperature 
resistance, Vespel parts are 
ideal for copier stripper 
fingers. The Vesper fingers 
resist heat as well as toner 
buildup, allowing a greater 
number of copies 
without part changes. 

Thrust Washers. & 
In construction equipment transmissions. VespeF 
thrust washers reduce costs and manufacturing time 
by eliminating the need for secondary machining. 
Vesper washers also withstand high pressure and 
exhibit minimal wear with limited or no lubrication. 

Compressor 
Discus Valves. 
Supermarkets are cooling 
foods more efficiently with 
discus compressors, featuring 
components made of Vespe[ 
Vespel not only reduces 
energy and noise levels, bitt 
it also offers excellent 
wear resistance	 - 
The Vespel part 
is expected 
to operate 
for 15 years 
uithout failure
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NASA	 NASA's R&D efforts produce a robust supply of promising technologies with applications in many S	 industries. A key mechanism in identifying commercial applications for this technology is NASA's 
Commercial	 national network of commercial technology organizations. The network includes ten NASA field cen-
Technology	 ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center 
Team	 (N1TC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 

(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area. 

NASA's Technology Sources 	 NASA Program Offices 
If you need further information about new technologies presented in NASA Tech Briefs, At NASA Headquarters there are 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is seven major program offices that 
not available, the Commercial Technology Office at the NASA field center that sponsored develop and oversee technology pro-
the research can provide you with additional information and, if applicable, refer you to the

jects of potential interest to industry. 
innovator(s). These centers are the source of all NASA-developed technology.

The street address for these strategic 
Ames Research	 Goddard Space	 Johnson Space	 Langley Research	 Marshall Space business units is: NASA Headquarters, 
Center	 Flight Center	 Center	 Center	 Flight Center 300 E St. SW, Washington, DC 20546. 
Selected techno- 	 Selected techno-	 Selected techno-	 Selected techno-	 Selected techno-
logical strengths:	 logical strengths:	 logical strengths:	 logical strengths:	 logical strengths: Carl Ray	 Gerald Johnson 
Fluid Dynamics:	 Earth and	 Artificial	 Aerodynamics; 	 Materials; Small Business	 Office of Aeronautics 
Life Sciences;	 Planetary	 Intelligence	 Flight Systems;	 Manufacturing;

Innovation Research 	 (Code R) Earth and	 Science	 and Human	 Materials;	 Nondestructive
Program (SBIR) &	 (202) 358-4711 Atmospheric	 Missions; LIDAR; 	 Computer	 Structures;	 Evaluation:
Small Business	 gjohnson@aeromait Sciences;	 Cryogenic	 Interface;	 Sensors;	 Biotechnology: 

Information,	 Systems;	 Life Sciences; 	 Measurements;	 Space Technology Transfer	 hq.nasa.gov 

Communications,	 Tracking;	 Human Space	 Information	 Propulsion; Program (STIR)
Bill Smith 

and Intelligent	 Telemetry;	 Flight Operations:	 Sciences.	 Controls and (202) 358-4652
Office of Space Sciences 

Systems;	 Command.	 Avionics: Sensors; 	 Dr. Joseph S.	 Dynamics; cray@mail.hq.
(Code S) 

Human Factors.	 George Alcorn	 Communications.	 Heyman	 Structures; nasa.gov
(202) 358-2473 

Bruce Webbon	 (301) 286-5810	 Hank Davis	 (804) 864-6006	 Microgravity
wsrnith@srn.rns,ossa, 

(650) 604-6646	 galcorn@gsfc.	 (713) 483-0474	 J.s.heyman	 Processing.
Dr. Robert Norwood	 hq.nasa.gov 

bwebbon@mail. 	 nasa.gov	 hdavis@gp101.jsc. 	 @Iarc.nasa.gov	 Sally Little
Office of Aeronautics and 

arc.nasa.gov	 nasa gov	 (205) 544-4266
Space Transportation	 Bert Hansen 

Jet Propulsion	 sally.little@msfc.
Technology (Code R)	 Office of Microgravity 

Dryden Flight 	 Laboratory	 Kennedy Space	 g
(202) 358-2320	 Science Applications 

Research Center	 Selected techno-	 Center	 Lewis Research rnorwood@mail.hq.	 (Code U) 
Selected techno-	 logical strengths: 	 Selected techno-	 Center (202) 358-1958 
logical strengths:	 Near/Deep-	 logical strengths:	 Selected techno-	 Stennis Space naSa.gov	

bhansen@gm.olrnsa. 
Aerodynamics; 	 Space Mission	 Environmental	 logical strengths: 	 Center

hq.nasa.gov 
Aeronautics	 Engineering;	 Monitoring:	 Aeropropulsion;	 Selected techno- Philip Hodge 
Flight Testing;	 Microspacecraft; 	 Sensors Corrosion	 Communications;	 logical strengths: Office of Space Flight	 Granville Paules 
Aeropropulsion; 	 Space	 Protection;	 Energy	 Propulsion

(Code M)	 Office of Mission to 
Flight Systems;	 Communications;	 Bio-Sciences; 	 Technology;	 Systems; (202)358-1417	 Planet Earth 
Thermal Testing;	 Information	 Process Modeling;	 High	 Test/Monitoring:

phodge@osfmsl.hq.	 (Code Y) 
Integrated	 Systems;	 Work Planning/	 Temperature	 Remote Sensing;

nasa.gov	 (202) 358-0706 
Systems Test	 Remote Sensing;	 Control;	 Materials	 Nonintrusive gpaules@rntpe.hq. 
and Validation. 	 Robotics.	 Meteorology.	 Research.	 Instrumentation.

nasa.gov 
Lee Duke	 Merle McKenzie	 Gale Allen	 Larry Viterna	 Kirk Sharp 
(805) 258-3802	 (818) 354-2577	 (407) 867-6626	 (216) 433-3484	 (601) 688-1929 
lee.duke@dfrc. 	 rnerle.mckenzie@	 galeallen- I @	 cto@	 ksharp@

NASA's Business Facilitators ksc.nasa.gov	 ssc.nasa.gov nasagov	 ccrnail.jpl.nasa.gov	 lerc.nasa.gov

NASA has established several organi-
NASA-Sponsored Commercial Technology Organizations zations whose objectives are to estab-

These organizations were established to provide rapid access to NASA and other federal R&D and lish joint sponsored research agree-
foster collaboration between public and private sector organizations. They also can direct you to the ments and incubate small start-up 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional companies with significant business 
Technology Transfer Center nearest you, call (800) 472-6785.

promise. 
Joseph Allen	 Dr. William Gasko	 Gary Sera	 Chris Coburn 
National Technology 	 Center for Technology	 Mid-Continent	 Great Lakes Industrial Dr. Jill Fabricant	 Joe Boeddeker 
Transfer Center	 Commercialization 	 Technology Transfer 	 Technology Transfer Johnson Technology	 Ames Technology 
(800) 678-6882	 Massachusetts	 Center	 Center Commercialization	 Commercialization 

Technology Park	 Texas A&M University	 Battelle Memorial Center	 Center 
(508) 870-0042	 (409) 845-8762	 Institute Houston, TX	 San Jose, CA 

Ken Dozier	 (216) 734-0094 (713) 335-1250	 (408) 557-6700 
Far-West Technology 	 J. Ronald Thornton	 Lani S. Hummel 
Transfer Center	 Southern Technology	 Mid-Atlantic Technology Wayne P. Zeman	 Dan Morrison University of Southern 	 Applications Center	 Applications Center Lewis Incubator for 	 Mississippi Enterprise California	 University of Florida	 University of Pittsburgh

Technology	 for Technology (213) 743-2353	 (904) 462-3913	 (412) 383-2500
Cleveland, OH	 Stennis Space 
(216) 586-3888	 Center, MS 

NASA ON-LINE: Go to NASA's Commercial Technology Network (CTN) on the World Wide Web at (800) 746-4699 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA's national network of programs, organizations, and services dedicated to tech-
nology transfer and commercialization. 

If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morairi, Earth Analysis Center, 15051 277-3622. 
For software developed with NASA funding, contact the Computer Software Management and Information Center (COSMIC) at phone: (706) 542-3265; Fax: (706) 542-
4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu .
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AND ANOTHER ONE DOESN'T. 

YOUR ABILITY TO QUICKLY TRANSFORM
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www. 
solidworks. 
com/3041

What's the fastest route between point A and point B? For Life Fitness and 

their 9500HR Cross-Trainer, it was SolidWorks ®. Since pioneering the world's 

first Windows-native 31) mechanical design software in 1995, we've earned 

a reputation as the leader in mainstream solid modeling. And in 1998, we add 

to our track record of innovation by unveiling a new set of flexible, easy-to-

use features that helps you go from concept to reality without wasting time 

on repetitive tasks or costly modifications. Add to that local technical 

support and surprising affordability and you've got a product that can really 

help you make things. Like money, for instance. For more information, visit 

our Web site or call 800-693-9000, ext. 3041. SolidWorks. Mind to Matter. 

© Copyright 1998 SotidWorks Corporation. All rights reserved. SolidWorks is a registered trademark of SolidWorks 
Corporation. All other company and product names are trademarks or registered trademarks of their respective 
owners. Life Fitness Cross-Trainer courtesy of Life Fitness of Franklin Park, IL 
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UpFront 
T

he Superprox Model SM607 
Series of small-target, ultrasonic 
proximity sensors from Hyde Park 

Electronics, Dayton, OH, combines 
piezoelectric transducer and 
microprocessor technologies, 
incorporating high speed and 
high sensitivity in the detection 
of very small objects and edges. 
The sensors have fixed-sensing 
windows ranging from 25 mm 
to 3 mm, within a sensing range 
of 51 mm. The technology 
allows sampling rates to 0.5 ms, 
up to 2,000 samples per second, 

and detection of small, reflective 
surfaces moving past the sensor at 400 
inches per second. The sensors can 
detect object surfaces as small as 0.076 
mm wide, including wire, electrical con-
nections, seams, and clear optical extru-
sions. Materials of all colors and shapes, 
transparent or opaque, liquid or solid, 
can be detected. The sensors are unaf-
fected by changing colors, ambient 
light, and noise. The 500-KHz sensors 
are available in Ultem blue plastic or 
303 stainless steel barrel-style housings, 
and operate on 12 to 24 VDC. 

For More Information Circle No. 760

T

echnical Support Packages (TSPs) for current-

issue and recent (previous six months) tech 

briefs no longer are available in print form 

through NASA Tech Briefs via mail. They are 

accessible on-line through our web site at 

www.nasatech.com . If you'd like to obtain 

printed copies of TSPs, including those published 

more than six months ago, you may obtain 

them through the National 

Technology Transfer Center 

New	 I (NTTC). Call 800-678-6882. 

•	 We've listened to your 

requests to make the on-line 

TSP section more user-friendly. Now, instead of 

completing an information form for each TSP 

requested, you need only fill out the form once to 

access as many TSPs as you need. And, you can 

choose a user name and password so that when 

you leave the TSP site, you need only type in that 

name/password combination to access more TSPs. 

It's now easier and faster to view, search, and 

download Technical Support Packages, with a 

one-time-only requirement to complete the on-

line information form. 

I 

PRODUCT 
OF THE 
MONTH

Climb Every Mountain Safely 
ii May 1996, eight climbers died in their attempt 	 nologies, with the goal of finding new commercial 
to scale Mt. Everest. This year, NASA and Yak applications for telemedicine. The Mt. Everest 
University are using advanced telemedicinc tests may lead to improvements in future auto-
technology to reduce the risk to climbers and mated medical-monitoring and medical-care 

possibly prevent or reduce casualties. In Max'. stems for astronauts spending several 
four members of the American Evt'nt . iiniiiths in space. The challenges faced by 
Expedition - Wally Berg, Eric Simons" 	 .

.
he Mt. Everest climbers - including 

Greg Wilson, and Charles Corfield - wen .tdapting to high altitude and physiolog-
equipped with vital-sign sensors and win-	 ,	 ..i. 
less	 for	 ': -.

cal stress - are similar to conditions 
transmitters	 their climb up thc ncouniered by astronauts. 

south side of Mt. Everest. Their vital sign' 	 •tJr'5 NASA Administrator Daniel Goldin 
- including heart rate, skin tempera- .!	 \plained how this technology can 
ture, core temperature, and blood oxy-	 ... ft	 . —F astronauts on the International 
gen level - were to be transmitted back pace Station. 'To ensure a safe trip 
to a base camp set up at 17,500 feet, )r our astronauts, we need the best , 
manned by a team of Department of 	 , . inputational, communication, engi-
Defense and Massachusetts Institute of Wering, and medical technology. At 
Technology (MIT) personnel. The team- .	 \ \SA, we are working on virtual envi- 
was to collect and analyze the data on I	 tiinents for surgery, decision-support 
climber performance, endurance, physio- 	 ., '.	 ..\stcms, and the most advanced medical-
log ic status, and the effects of extreme exer-	 . -	 ..	 ,,,,,;h,rn	 ihr,I,,s	 1,It	 tIml,
tion, hv , poxia, and cold. Whenever possiblc. T 	 this could mean for health care here on 
medical personnel also would receive vicic 	 Earth," said Goldin. "The NASA-Yale project 
images of the climbers' progress. 	 helping us achieve these goals. I wish our Mt. 

NASA and Yale have been working in partnership • 	 Lciest pioneers great success as they help NASA 
sinceJuly 1997 to develop and test next-generation tech- 	 climb the final frontier." 

16	 www.nasatcch.n rn	 NASA Tech Briefs.July 1998 



Take the next tantalizing step today. Go to our 
web site and see Simulink and Stateflow in action. 

The	 MArie ifl 

MATH 
WORkS

l cii sir

SIMULINK" 
www.mathworks.com/ntbc 

Take simulation 
one tantalizing 
step closer 
to reality. 
Only new Stateflow together with Simulink lets 

you combine dynamic and event-driven 

simulation in the same development environment. 

Ii 

I	 '

It's the faster, more intuitive, 
more realistic way to design, 
simulate and prototype. 

Designers of automotive, 

aerospace, telecommunications and 

other embedded systems now have 

a way to perform faster, more 

accurate and far more complete 

simulations of complex, large-scale 

systems. Which means it is now far 

easier to optimize product 

performance while dramatically 

accelerating time to market. 

Integrated development. 
Now you can model both the 

control dynamics and the physical 

characteristics of a complete non-

linear real world system with 

Simulink, and then quickly 

integrate and observe the behavior 

of event-driven controllers that 

drive and react to the system using 

Stateflow. There are also tools that 

generate optimized C code for rapid 

prototyping, hardware-in-the-loop 

testing and standalone simulations. 

Based on MATLAB. 
Best of all, you'll be able to do all 

of this in a single, integrated, easy to 

use software environment that is 

built on the superior computational 

foundation of MATLAB 5, the 

industry's premier technical 

computing language. 

The MothWorks, Inc. 24 Prime Pork Way, Heidi, MAO1760 Tel. 508-6471000 Fox 508647-7001 email infoCroolhworks.com  

Employment oppxrrworkes: hripi/emw.mcrhwmkcom/nev1obs.html • MATIA8 in Education: hrtp://edurailon.mathworks.00m 
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luroeli * 972-3-561-5151 • Italy: 19-1I-240-80-00 . iapoou * 8)35978-5412 . KocaQ * 82-2-5561257 • New Zealei& 64-1-839-9102 
Poland. * 48-12-11-33-48 • ScaleeevEm 46-8-15-30-22. Srngapor./Naleysio: + 65-842-4222 . SenIle Africa: * 27-11-325-6238 
Spolee/Pai-t,gib • 34(9(3-41549-04 • Swltz.rlenel * 4131-954-2020 • Taiwan: * 886(0)1-505-0575 • UnlI.d Kkegdoerc + 44-1223-423.200 
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is	 For More Information Circle No. 411

Reader Forum 
Reader Forum is devoted to the thoughts, concerns, questions, and comments of our readers. If you have a comment, a question 

regarding a specific technical problem, or an answer to a question that appeared in a recent issue, send your letter to the address below. 

/ am thoroughly enjoying your series 
on 40 Years of NASA Innovations. Un-
fortunately, there will be many that are 
not covered. Back in the 1960s, for 
example, I did LOX cleaning of pressure 
transducers by flushing the unit with a 
cleaning fluid into a filter paper and

inspecting it with a black light. That filter 
paper later was used in drip coffee mak-
ers. I also worked on mass spectrometers 
for deep space probes that later were 
used as breath analyzers for monitoring 
astronauts' health; as part of a Mars soil 
sample experiment; and as blood/gas

analyzers in hospital intensive care 
wards. These are just two more of the 
NASA innovations that spun off into 
commercial applications. 

John Mathis 
Boeing - Rocketdyne Div. 
Canoga Park, CA 

As a special effects technician for film, 
television, and entertainment, I am con-
stantly in need of motion control, photo-
sensing, pneumatic lighting, fiber-optic 
electronic and electrical parts, supplies, 
and materials. There seems to be a 
wealth of this information in NASA Tech 
Briefs. Thanks! 

Brian Remaley 
Remaley FIX 
Glendale, CA 

(From our On-line Reader Forum:) 

We have an application in which we 
must use a sensor that has a power con-
nector soldered to a penetration panel 
on the sensor The connector is tin-plat-
ed steel with nickel alloy and tin-plated 
contacts (part number PTIH-84P). The 
application is on a GPS satellite with a 
15-year mission. We can find a replace-
ment connector with gold contacts, but 
we seem to be stuck with the fused tin-
plated shell over copper to allow solder-
ing to the panel. The mate will have gold 
contacts with electroless nickel shell. Will 
I have a problem connecting electroless 
to tin plating? Are there any other 
options? Any suggestions would be 
appreciated. 

Jim Payne 
Sandia National Labs 
505-844-3336 

Post your letters to Reader Forum 
on-line at: www.nasatech.com or 
send to: Editor, NASA Tech Briefs, 
317 Madison Ave., New York, NY 
10017; Fax: 212-986-7864. 
Please include your name, company 
(if applicable), address, and phone 
number or e-mail address. 

NASA Tech Briefs, July 1998
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40 4 	 Years o  Innovations 

Forbetr Annersar 

This month, in our year-long celebration of NASA's 40th Anniversary, we take a look at successful spinoff products 
and new applications of NASA technologies in the areas of Electronics, Sensors, and Robotics. 

fi ^, -) , , 0 

Grasp ing an Idea 
End effectors are devices attached to the end of a robot arm 

for picking up, grasping, manipulating, and transferring 
objects. One manufacturer of these end effectors. Robotics 
and Automation Corp. of Minneapolis, MN, also makes the 
Automatic Robotics Tool-change System (ARTS) designed for 
the growing demand for multiple-task work cells for welding 
and plasma spray functions. Such functions require grinding 
and finishing; dehurring, deflashing, routing, hole-drilling, or 
parts replacement; and multiple tool disk operations. 

The technology in the ARTS system was developed original-
ly under contracts with NASA's Marshall Space Flight Center 
and Rockwell International, a NASA contractor. The systems 
were designed to work with the company's Constant/con-
trolled Force Device (CFD) series of end effectors and bench-
mounted devices for controlling constant pressure of abrasive 
tools used to deburi, grind, polish, and finish products made 
by welding, molding, forging, casting, and machining. 

The CFD line includes three end-of-arm devices and two 
bench-mounted devices, none of which require that the robot 
apply and control the force, only that it move along a pro-
grammed path over the work piece. The CFD applies and 
maintains the processing pressure of the finishing media to the 
work piece. 

The ARTS-I is being used in industrial systems with six tool 
positions ranging from coarse sanding disks and abrasive 
wheels to cloth polishing wheels with motors. ARTS-H allows a 
robot to change welding torches automatically, or exchange a 
welding torch for a CFD end effector. More than 90 robotic 
work cells have been sold b y Robotics and Automation using 
dic CFD 'ARTS deviucc. 

A Rcicketcly rt technician inspects Spacc Stuitut mcsir, engine welds cleat-
ed by an advanced robotic system.

The Nose Knows 
A device that detects flammable liquid accelerants used by 

arsonists employs the same electronic circuitry as a signal 
conditioning system developed originall y for NASA's Langley 
Research Center. More than 1,000 people are killed by arson 
fires each year in the U.S. The first step in battling arson is 
determining the cause of afire. The spinoff device is proving 
helpful in post-fire detection of gasoline, benzene, and 
other combustible accelerants used by arsonists to speed up 
fire spread. 

The Electronic Nose' is a vapor and gas detector manu-
factured by Grace Industries of Transfer, PA. It senses the 
presence of accelerants several days after a fire. The device is 
powered by a rechargeable battery and requires no special 
training to operate. The device is held about an inch from 
the suspect material; if an accelerant is present, the device 
will emit a beeping sound and engage a flashing light. The 
Electronic Nose can detect minute traces of accelerants, pro-
viding speedy detection of physical evidence for use in court. 

Widely used by police and fire departments, the device is 
also used by insurance companies, federal/state agencies, 
and in university criminal justice courses. It also can be used 
to detect hazardous fumes, enabling location of gas spills 
and gas leaks.

Rogers Corporation's flexible circuits are used in 
cameras. TV games, calculators, medical instru-
ments, computer terminals and printers, and hun-

nects Inc compo- dreds of other consumer and industrial products. 

nents of an elec-
tronic system. The circuit's flexibility allows it to be molded 
to the shape of a chassis for reduced bulk. 

The circuits are suited for applications that involve con-
tintious or periodic movement of the circuitry - where reli-
ability must be maintained over millions of flexing cycles. 
The flex circuits are produced by combining three materials: 
an insulating plastic film, a metallic conductor such as cop-
per foil, and an adhesive - one of several t ypes of polymers 

Continued on page 24 

Flexible Uses 
First used on 

military aircraft 
and missiles, where 
size, weight, and 
reliability are of 
utmost concern. 
flexible circuit' 
now are bein 
used in a range of 
commercial appli-
ations and spa(:(- 

systems. Flexiblt 
ircuitry is an 

arrangement of 
printed wiring 
that intercon-
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The Pentium II 
Xeon" Processor. 

0li111me'sde
The new Intel® Pentium® II Xeon" processor delivers the 

power for amazing workstation performance. It's hard-core 

pentiumff processing. So it's no wonder demanding applications like 

I Pro/ENGINEER and SOFTIMAGEI31) are designed for Intel,- 

based workstations, and new titles like CATIA. Maya and Design Compiler 

are being introduced for them. 

Whether you're creating hot special effects, designing the next-generation 

automobile, or managing multi-million dollar stock portfolios, it gets done 

fast. And by adding a second processor, you can dial up the performance, 

and work even faster. All in all, it makes for an amazing way to work. Visit 

our Web site and find out more. 	 wwwinteIcorn/PentiumU/Xeon 

Intel 
The Computer Inside.
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- to bind the insulator and the conductor onto a lami-
nated circuit. 

LARC-TPI is a thermoplastic polyimide resin that is being 
used - under an exclusive license from NASA - by Rogers 
Corporation's Circuit Material Div. in Chandler, AZ to pro-
duce laminates. Langley Research Center developed the 
advanced structural adhesive b y chemically altering the 
structure of the linear polyimicle to improve its characteris-
tics and eliminate processing problems. The result was 
LARC-TPI. 

In its initial commercial application by Rogers Corp., it was 
used as the adhesive that hinds the insulating film Kapton 5 to 
copper foil conductor material in the manufacture of flexi-
ble circuits. The Rogers product line spans flexible circuits 
for electronic watches, cameras, TV games, calculators, bur-
glar alarms, medical instruments, test equipment, automo-
tive fuel controls, pollution controls, GB radios, pagers, and 
antennas. 

Electric motor drive systems such as AC iiicluction motors 
consume more than half of all electricity used in the U.S., 
and more than 70 percent of all electricity used in industrial 
applications. A Hackensack. N1 1-based company - Power 

Efficiency Corp. 
- came to the 
rescue with soft-
start energy-sav-
ing motor con-
trollers devel-
oped from NASA 
technology. 

Power Effi-
cicncy Corp. 
was specifically 
filmed to man-
iii acture and 
market products 
cxclusively de-
veloped from 
NASA technolo-
g. The original 
(lea for the 

tli ce-phase pow-
cr factor con-
troller with in-
duced electric 

The technology behind this motor controller for 	 and magnetic 
AC induction motors was developed by NASA and	 i'lds sensing licensed to Power Efficiency Corp. for commercial 
applications,	 came from Mar-

shall Space Flight 
Center, and was patented by NASA in 1984. Power Ef-
ficiency later licensed the technology and used the 
electronic boards that represent the NASA-developed 
technology to assemble three different motor controllers. 
The three products - Power Commander, Performance 
Control1er, and Energy Master - have been purchased by 
customers such as Ford Motor Co. and Caesars Atlantic City. 

The company's Power Factor Controller (PFC) reduces 
excessive energy waste in AC induction motors by providing 
a reduced voltage start, reduced energy consumption, and 
improved power factor. Volts, amps, and watts are reduced, 
so motor life is increased. The motor controller is used in

industries where motors operate under variable loads, 
including elevators and escalators, machine tools, intake and 
exhaust fans, oil wells, conveyors, pumps, and compressors. 

Power Efficienc? Corp. is now a public corporation traded 
on the NASDAQ. 

1PIfLfl 
A New Connection 

Beta Phase of Menlo Park, CA, offers designers of high-
performance digital systems "a new tool to help them do 
more in less space at less cost." The tool is a line of BetaFlex 
connectors/sockets that connect multichip modules and 
high-density ceramic packages to printed circuit boards. The 
products enable designers to gain up to 40% more board 
space and provide 100 signal lines to the inch. 

Ar	 BetaFIex Connector 

'	 -	

Spring When Heated 
Shape-Memory Alloy Opens 

,  
Electrical Heater Triggers 
Shape-Memory Alloy 

--

tv i co iii I(( at it Iii iii gv actually incorporates two 
well-proven technologies: photolithography to etch the con-
tacts onto flexible circuits, allowing a greater number of con-
tacts in a given area; and shape memory alloy technology, 
represented by a nickel-titanium element within the connec-
tor. When a low-voltage power supply heats the alloy, it opens 
the connector's spring, allowing the mating printed circuit 
board to he inserted with zero force. 

The shape memor y technology originally was discovered 
in 1962 by the Naval Ordnance Laboratory, but few practical 
applications emerged. NASA revived interest in the technol-
ogy in the 1970s and 1980s with projects involving further 
research on the shape memory properties of nickel-titanium 
and procedures for processing the alloy. NASA's work led to 
wider adoption of the technology, and brought about practi-
cal applications such as BetaFlex. 

In 1990, Beta Phase and Molex, a leading manufacturer of 
electronic connectors in Lisle, IL, signed an agreement 
whereby Molex purchased Beta Phase, acquiring the right to 
become the source for Beta Phase connectors. 

Circuits That Really Stack Up 
Irvine Sensors Corp. (ISC) of Costa Mesa, CA, invented the 

process of stacking integrated circuits into a cube. Called a 
Memory Short Stack, the result is a three-dimensional semi-
conductor package in which dozens of circuits are stacked on 
top of each other to form a cube. The cubing technique pro-
vides faster processing speeds, higher levels of integration, and 
lower power requirements than conventional chip sets. It also 
reduces the height of memory-intensive systems dramatically. 

The innovative process was developed under NASA and 
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Department of Defense contracts. The Memory Short Stack 
received a 1993 NASA Award of Innovation as a major 
advancement in high-density computer electronics. ISC began 
developing the technology in the early 1990s, and DOD con-
tracts led to the development of a "full stack" version. 

The height of the full stack, however, was too great for the 
multichip packages employed in airborne and spaceborne sys-
tems, so the company began developing the Memory Short 
Stack concept. The stack is fabricated by vertical assembly of 
integrated circuits, thinned to as little as seven-thousandths of 
an inch, and extremely thin layers of laminate. Typically, 
cubes have between 40 and 50 integrated circuits. 

The technology has been introduced into a broad range of 
commercial applications. NASA has awarded ICS eight Phase 
I and five Phase II SBIR contracts, including an ongoing pro-
ject with the Jet Propulsion Laboratory to evaluate chip-
stacking for space systems. The NASA contracts contributed 
greatly to the commercialization of the cubing technology. 
One contract, from NASA's Goddard Space Flight Center. 

dlI	 '
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The Memorf, Short stack is a cube-sHapeU siace of integrated circuits. 

involved using the Memory Short Stack in a spaceborne data 
recorder. The project called for designing the short stacks so 
that they would be compatible with industry-standard attach-
ment techniques. This made Memory Short Stacks usable in 
virtually all types of electronic assemblies. 

A Question of Integrity 
NASA's Langley Research Center has developed devices 

and procedures for detecting cracks, corrosion, and dis-
bonds during aircraft service inspections as part of NASA's 
Aircraft Structural Integrity program, which addresses ways 
to enhance the safety of older commercial jets by improving 
the structure inspection techniques. 

The CrackFinder, one of the devices developed under this 
program, is an electromagnetic probe for nondestructive 
evaluation (NDE) that is used in rapidly scanning aircraft 
skins for surface breaks. The device is based on eddy current 
technology that provides extreme sensitivity to fatigue cracks 
in aluminum alloy plates. An eddy current is an electrical 
current induced by an alternating magnetic field. 

The device incorporates an innovative self-nulling feature, 
which allows the device to automatically recalibrate to zero so 
that each flaw detected produces a reading. When the probe is 
placed on a flaw-free metallic object, its output is nulled auto-
matically. The presence of a flaw causes a distinctive probe Out-
put amplitude. A bargraph display shows crack severity.

The CrackFinder, developed to scan aircraft skins for surface breaks, is 
used in industrial fatigue detection. 

The CrackFinder was commercially licensed by Kraut-
kramer Branson (KB Instruments) of Lewistown, PA, a sub-
sidiary of Emerson Electric Co. The company says that the 
innovative design of the device makes it more affordable 
than conventional eddy current instruments. It also weighs 
only nine ounces and allows installation of multiple probes 
in inaccessible locations. 

The market for the device goes beyond the aircraft mar-
ket. Steel structures, ski lifts, and other structures can be 
scanned for fatigue detection. 

A Virtually Dangerous Job 
A leader in 3D graphics-based factory simulation, telero-

botics, and virtual reality software, Deneb Robotics of 
Auburn Hills, MI, offers TELEGRIP' software, which pro-
'ides a 3D graphical interface for previewing, interactive 

By selecting critical control reference points, the operator and robot 
create the robot's work cell movement paths. 
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Dr. Won Soo Kim, TELEGRIP inventor, remotely oper- 	 F' n v i r o ii - 
ates a robot.	 merits from a 

single point 
of control without being subjected to operator hazards. 

Operators can preplan and optimize robot trajectories 
before the program is generated using 3D kinematic models 
of the robot and work space. TELEGRIP verifies the geome-
tries and updates the model to adjust the environment in 
real time. A Video Overlay Option utilizes video to calibrate 
3D computer models with the actual environment. The tech-
nique is useful for on-line planning applications or teleoper-
ations in remote, hazardous, or complex environments such 
as space, undersea, or in nuclear sites, where conditions may 
he unknown or change suddenly. 

The Video Overlay Option is the result of a project with 
NASA's Jet Propulsion Laboratory (JPL), which developed a 
virtual reality calibration technique for accurate matching of 
a graphically simulated environment in 3D geometry with

actual video camera views. The system was designed for pre-
dictive displays with calibrated graphics that overlay in live 
video for telerobotics applications. The system allows the 
user to designate precise movements of a robot arm before 
sending the "execute" command. 

Since 1976, NASA SpinoJJ has featured many down-to-earth 
applications of NASA technologies. To learn more about 
howNASA technologies affect our everyday lives, visit the 
Spinoff web site .11: wscwsil.ilasa.go\ Ito spuioff.html 

To Contact Profiled Companies, Call: 

Deneb	 Robotics ....... .... ............................... 810-377-6900 

Irvine	 Sensors	 Corp .	 .................................. 714-549-8211 

Krautkramer Branson	 ................................ 717-242-0320 

Molex,	 BPS	 ................................................ 650-688-7400 

Power Efficiency Corp . 	 .............................. 201-488-4040 

Robotics and Automation Corp . ................ 612-572-0707
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Looking Ahead 

• Carbon-based electronic components that are at least 100 
times smaller than those used in silicon chips can he made in 
ears to come with tiny carbon wires, according to Dc Deepak 

Srivastava of NASA's Ames Research Center and Dr. Madhu 
Meiion of the University of Kentuckv. Nanotube wires can he 
connected by pentagons and heptagons at wire junctions. The 
carbon nanotuhes are molecular-sized pipes made of carbon 
atoms. The junctions where nanotubes with different elec-
tronic properties meet in an atomically precise wa y could be 
the prototypes of molecular electronic switching, transistor, 
and amplifying components used in computer chips. 
Nanotuhes soon will he available commercially in small quail-
titles. Grown in long ropes, they are likel y to be the strongest 
fiber ever made and will he about 1/6 the weight of steel. 

For more information, visit the web site (It: http://.'cience. 
fl(IS. nasa.gov, or callJohn Black of NASA ,4mes 'Public Affairs Office 
at 650-604-5026. 

• The Mid-Atlantic Technology Applications Center 
(MTAC), one of NASA's six Regional Techiiologv Transfer-
Centers (RTTCs), has begun a Next Generation Sensors 
Initiative (N(;SI) to help companies take advantage of federal 
and university research to develop new products and process-
es. The goal is to increase U.S. competitiveness b y ensuring 
that U.S. companies have the benefit of the most advanced 
R&D in each area of sensor technology, and that the time from 
idea to market is reduced to the greatest extent possible. 

The sensors and instrumentation industry is vital to both 
the health of the U.S. economy and defense preparedness. 
Worth more than $12 billion and employing 135,000 in the 
U.S. alone, it is composed of five segments: sensors and trans-
mitters, coin nninication networks, control and display sta-

tions, control software, and final elements, which are the 
devices that manipulate the process variable. 

The goal of the NGS1 is to extend the R&D capabilities of 
U.S. sensors and instrumentation companies by facilitating 
access to federal and university research. NGSI combines the 
needs, talents and resources of three groups in a collaborative 
effort to improve the productivity of the industry: companies 
that use sensors to manufacture products; manufacturers of 
sensors; and federal, state and private R&D laboratories. 
MTAC's role in NGSI is to work with the user commuiiitv to 
identify sensor technology needs; match needs with technolo- 
gy or technical expertise; develop collaborative research pro-
jects; solicit financial commitments: manage R&D projects; 
and disseminate results. 

Many technical challenges will need to be met, including 
the development of smaller sensors (MEMS, NEMS, and 
PEMS), niultivariable sensors, faster and more powerful com-
puter processors, environ met  tally hardener! sensors and com-
munications (weatherproof radiation-resistant), lighter power 
supplies, smart sensors and final elements, and integrated 
expert systems for display. 

NGSI benefits for manufacturers include needs and market 
identification, shared cost for R&D, increased access to a 
greater variety of R&D, and larger potential for success. 
Benefits for users include rapid solutions to technical chal-
lenges, input into solutions resulting in more satisfactory 
applications, and better prototype testing. For government 
and eliliversity R&D facilities, the benefits are shared cost for 
sensor R&D, access to industry expertise, and built-in com-
mercialization strategy through partnerships with industry. 

For more injormation, call John Bacon, MT4C Business 
Development Specialist, at 412-383-2500.

- 
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Delta-Doped CCDs as Low-
Energy-Particle Detectors 

These devices, developed previously 
for imaging ultraviolet light, are also 
useful as detectors of electrons and 
other charged particles with kinetic 
energies as low as about 100 eV. 
(See page 48.)

Matrix and Coating Polymers 
for Composite LOX Containers 

Two polymers are suitable as matrix 
and coating materials for tanks and 
pipes carrying liquid oxygen. The poly-
mers are amenable to processing by 
common fabrication techniques. 
(See page 60.)

Passive Capture Joint With 
Three Degrees of Freedom 

This joint can be useful in a variety 
of applications, including replacing the 
joints commonly used on trailer-hitch 
tongues and temporary structures, such 
as crane booms and rigging. 
(See page 65.) 

If we earned frequent 
flyer miles for every 
flight our	 gearing 

owl. has been used on 
we could 4 g o to 
Mars	 ...and back 

...1O or 12 times! 
Harmonic Drive Technologies' high-ratio, single- Ø stage, zero-backlash gear reducers solve tough /U/i 
motion control problems. Compact, lightweight, powerful, and 
reliable, our gearing and actuation systems have flown on almost 
every major space program in the last 35 years. Harmonic Drive 
Technologies understands the demands of aerospace. In addition 
to standard gearing and actuators for precise positioning and high 
torque, we supply custom assemblies and aerospace modifi-
cations using stainless steels and anti-corrosion treatments; 

TiC-coated, ceramic, or 440C bearings; aerospace lubri-
cants, dry films, or no lube; and weight reductions. Let 

© Harmonic Drive Technologies solve your aerospace
do

 design problems. For a free consultation, contact us today: 
Harmonic Drive Technologies/Aerospace, 247 Lynnfield Street, 
Peabody, MA 01960, TEL: (978)532-1800, FAX: (978)532-9406, 
www.harmonic.drive.com, info@harmonic-drive.com . 
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Microscopic Heat 
Exchangers, Valves, Pumps, 
and Flowmeters 

Micromachining processes, similar to 
those used in producing ICs, could be 
used to produce microscopic forced-flow 
heat exchangers, flow channels, peri-
staltic pumps, and other related compo-
nents. The parts would be made largely 
from silicon and would feature highly 
effective heat transfer. 
(See page 66.) 

Miniature Side-Bore Sample-
Acquisition Mechanism 

A mechanism encased in a penetrator 
dart is designed to collect soil samples 
in remote, cold, and otherwise hostile 
environments. Originally designed for 
exploration of Mars, the mechanism can 
be used on Earth to study remote and 
hazardous regions. 
(See page 67.) 

Emergency-Shutoff Valves 
Would Be Triggered by 
Accelerations 

Automatic valves are proposed that 
would shut off under abnormally large 
acceleration. This feature would be 
important in earthquakes, explosions, 
and vehicular accidents to shut down 
spilling flammable, toxic, and/or valu-
able liquids. 
(See page 68.) 

Automatic Thermal Switches 
With No Moving Parts 

The proposed switches would operate 
automatically, require no power supply 
or controls, consume no materials, and 
create no vibrations. Operation is based 
on pressure of carbon dioxide gas sealed 
inside the switch. 
(See page 72.) 
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MIRAGE serves as a navigation system for multiple Earth-orbiting space-
craft. This diagram summarizes its functions. 

Q Program Performs High-Precision Spacecraft-
Constellation Navigation 
NASA sJet Propulsion Laboratory, Pasadena, California 

The Multiple Interferometric Ranging 
Analysis using GPS Ensemble (MIRAGE) 
computer program processes spacecraft-
tracking data to determine orbits of single 
satellites, or of multiple satellites with 
intersatellite tracking, to within position 
errors as small as a few centimeters (see

figure). MIRAGE also targets spacecraft 
maneuvers (changes of velocity) to preci-
sion higher than that achievable by cur-
rent spacecraft hardware. Tracking data 
that MIRAGE can utilize include Global 
Positioning System (GPS) pseudorange 
and phase, data from general range and 

Doppler measure-
ments, angles, data 
from optical mea-
surements, and 
data from very-
long-baseline inter-
ferome try (VLBI). 
The modular pro-
gram structure en-
ables addition of 
other tracking data 
types for specific 
user spacecraft. 

MIRAGE imple-
ments a variety of 
geometrical and 
dynamical models

that the user can control. A pseudo-
epoch-state filter in MIRAGE smooths 
over data arcs selectable by the user, 
yielding robust solutions in the pres-
ence of had tracking data and model-
ing errors. Operation is simplified 
through a system of interdependent 
and automated Unix and Perl scripts or 
through interactive X-Window menu-
driven software wrappers. MIRAGE 
could be particularly useful for 
navigating multiple satellites to main-
tain them iii a constellation for global 
telecommunications. 

This program was written by Bobby G. 
Williams, Peter]. Woff, Rick F Sunseri, 
Theodore R. Drain, James B. Collier, Tseng- 
Chan Wang, and Joseph R. Guinn 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 i'vlechanics category. 
PsPO-20287 

Software for Navigation of a Spacecraft flying in Formation 
NASA 'S Jet Propulsion Laboratory, Pasadena, California 

The Spacecraft Autonomous Naviga-
tion System using GPS for Earth Orbiters 
(SANS-GEO) computer program is de-
signed to perform the navigation calcula-
tions that will enable the New Millennium 
Program's Earth Orbiter-i (EO-1) space-
craft to fly in formation with the Landsat-
7 (LS-7) satellite in orbit around the 
Earth. Scheduled to be launched in May 
1999. the EO-I will he required to follow 
450±50 km behind the LS-7, and to keep 
its ground track within 3 km of the LS-7 
ground track. Using data from an 
onboard Global Positioning System 
(GPS) receiver and empirical (purely 
kinematic) GPS navigation algorithms, 
SANS-GEO would compute parameters of 
the EO-1 orbit; these parameters would 
include rates of atmospheric-drag-
induced decay. SANS-GEO would then 
utilize these parameters, along with the 
corresponding parameters and with 
maneuver plans generated remotely for

the LS-7, to determine EO-1 velocity-
change maneuvers needed to satisfy ab-
solute orbital constraints (e.g., ground-
track-repeat requirements) and/or rela-
tive orbital constraints (forniatu >n-flvii ig 
requirements). The 
computed velocity-
change maneuvers 
would be converted 
into commands fur 
the EO-1 attitude-
control system and 
thrusters. 

This program was 
written by Joseph 
Guinn of Caltech for 
NASA's Jet Propul-
sion Laboratory. 
For further In/ormo-
tion, aeces.s the Tech-
nical Support Pack-  
age (TSP) free on-line 
at www.nasatech.

corn under the Mechanics category. 
This software is available for commercial 

licensing. Please contact Don Hart of the 
California Institute of Technology at (818) 
393-3425. Re/cr to NPO-201 90. 

- Ground Track Muonna000 Maneuuers 

The Spacecraft Autonomous Navigation System depicts the extent of the 
onboard processing. 
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The SL-GMS Draw 
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graphics engine, 
with the features 
needed to quickly 
create dynamic 
displays for real-
time applications. 
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years of optimization in handling large data sets. This allows 
many different techniques for achieving maximum performance 
under diverse application requirements. 

COMPONENT AND WEB-BASED 
APPLICATION SUPPORT 

SL-GMS dynamic graphics are available within any of the 
following component-based solutions: ActiveX, Java Bean, 
Netscape Navigator Plug-In or pure Java applet.

SL rriII-Lr,i 
SL Corporation 
Suite 110 Hur Plaza 
240 Tamal Vi ta Boulevard 
Corte Madera, California 94925 
415/927-1724 

http://www.sl.com 
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*Simulations in Support of Towed Flight Demonstration 
Two independent simulations run simultaneously to study towed-aircraft response before flight. 
Dryden Flight Research Center, Edwards, California 

The Eclipse flight project was estab-
lished to demonstrate a reusable-
launch-vehicle concept developed by 
Kelly Space and Technology, Inc. An F-
106 delta-wing aircraft was chosen as 
the towed vehicle, and a C-141A trans-
port-type airplane was selected for the 
towing vehicle. These airplanes are 
shown in Figure 1. Dryden Flight 

Some models

Research Center was the test organiza-
tion with responsibility for safety of 
flight on the Eclipse project. 

To enhance safety of flight, simula-
tions of the two airplanes were imple-
mented along with a simple mathemat-
ical model of a tow rope. A computa-
tional simulation of an F-106 airplane 
had been implemented at Langley 

3atura1ly. 

Yours may require

Research Center to support somevor-
tex-flow flight experiments, and this 
simulation was revived at Dryden. The 
C-141 simulation was adapted from an 
existing B-720 simulation at Dryden by 
replacing the mathematical model of 
the aerodynamics of the B-720 airplane 
with linear aerodynamic coefficients 
based on the performance of the C-141 
airplane. The mathematical model of 
the B-720 engine was modified with a 
thrust multiplier to match the C-141 
static sea-level thrust. In addition, the 
simulation was updated with C-141 
weight, inertia, and center-of-gravity 
data. Existing simulation cockpits were 
used without modification. 

The tow-rope model assumes that 
the tow rope lies on straight line 
between the two airplanes. On the basis 
of results from laboratory tests, the 
rope tension was modeled as quadratic 
in elongation and linear in elongation 
rate. This tow-rope model was verified 
initially by implementing it in a glider 
simulation and having a glider pilot 
subjectively evaluate the performance. 

Initial studies were performed with 
the F-106 simulation alone. In these 
studies, it was assumed that the C-MI 
airplane was a point mass that would be 
unaffected by the forces on the tow 
rope. C-141 takeoff trajectories were 
generated and recorded in the C-141 
simulation. These trajectories were 
played back in the F-106 simulation to 
study the takeoff performance of the 
towed F-106. This first cut showed some 
interesting results. The F-106 perfor-
mance on tow was quite different from 
that of a sailplane. There appeared to 
be a lower and an upper bound on the 
tow angle between the two airplanes. 
Flight beyond these bounds would 
cause divergent pitch and sometimes 
roll oscillations. Fortunately, the oscilla-
tion amplitude would increase slowly 
enough that the pilot was able to recog-
nize the problem and correct for it by 
flying back within the bounds. The sim-
ulation was already providing impor-
tant information to the flight-test team. 

To make the simulation study more 
realistic, it was decided that simula-
tions of both airplanes should be per-
formed simultaneously. To do this, it 
was necessary to link two independent 
six-degree-of-freedom (6-DOF) simula-
tions - essentially creating a 12-DOF 
simulation. Although this seemed chal-
lenging at first, it turned out to be 
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Figure 1. These Aircraft Were Used To Demonstrate the concept of towing a reusable aerospace vehicle to launch altitude. 
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quite simple. The two simulation corn-	 forces between the two simulations. 	 flags in shared memor y were created to 
puters were linked with a fiber-optic 	 To obtain consistent results, it was 	 enable the simulations to synchronize 
reflective memory interface; this link-	 decided to synchronize the two simula- 	 by polling. The interrupt driver in the 
age enabled the sharing of airplane	 nons. The frame rates of both simula-	 F-106 simulation was used to generate 
positions, velocities, and tow-rope	 lions were increased to 100 Hz, and	 the 100-Hz frame pulse, and the C-141 

F-106 Simulation


Wait for 100-Hz Interrupt


Increment "F-106 Running" Flag


Pilot Inputs


Get C-141 Simulation Mode


Control System

C-141 Simulation


if


I 
Wait for "F-106 Running" Flag 

I


Pilot Inputs 

Set Simulation Mode 
(Reset, Operate, Hold) 

Control System 

I	 Synchronize 

Equations of Motion 

Tow-Rope Model 

Compute F-106 Attachment-




Point Location in Inertial 

Coordinates

I	 Equations of Motion 
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I	 Coordinates 

Set Attachment-Point Location  
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Wait for "C-141 ready to

Clear 
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Point Position 

Wait for "F-106 Ready" Flag 
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and Length 

Clear "F- 106 Ready" Flag 
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Figure 2, Simulations of the Towing and Towed Airplanes were synchronized to obtain consistent results. 
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simulation simply waited for the F-106 
simulation to indicate that a new frame 
should be started. The synchronization 
scheme is shown in Figure 2. 

The results of the linked simulations 
confirmed the results of the F-106 sim-
ulation. The assumption that the C-141 
airplane could be treated as a point 
mass turned out to be a good one. The 
C-141 pilot could not feel the effects of 
the F-106 doing normal small-ampli-
tude maneuvers on tow. 

The availability of two independent 
simulations also afforded a capability 
to achieve quicker, more productive, 
simulation sessions. Instead of generat-
ing a C-141 trajectory and then prepar-
ing and transferring the resulting data 
for playback in the F-106 simulation, 
the C-141 pilot could simply hit a "sim-
ulation reset" button and immediately 
try a different takeoff profile. This 
enabled the F-106 test pilot to quickly 
get the feel of the towed operation, 
and soon this pilot's task became easy. 
This setup also proved valuable for 
evaluating various failure scenarios 
during full mission simulation with the 
control room being fed by a stream of 
data generated by the simulator and 
transmitted by pulse-code modulation. 

Six towed flights were performed in 
a demonstration program that was

completed on February 6, 1998. 
Extensive instrumentation was used so 
that flight results could be compared 
with simulation results. It turns out 
that the simulation tow model was 
good at predicting rope tension, but a 
little conservative in predicting stabili-
ty. The F-106 pilot was able to fly to 
more extreme tow angles before 
encountering the divergent oscilla-
tions. Part of this difference between 
the simulation and the flight tests may 
be due to the assumption of a straight 
tow rope in the simulation. During the 
flight tests, the tow rope would "sail" 
and develop significant curvature. In 
later flights, the tow rope was marked 
at regular intervals and video images 
were recorded so that this phenome-
non could be studied in more detail. 
With the flight-instrumentation data 
and video images, it should be possible 
to develop a more realistic tow-rope 
model that can be incorporated into 
the simulation. 

This work was done Isv Ken Norlin and 
Jim Murra' of Dryden Flight Research 
Center and Joe Gera of Analytical Services 
and Materials, Inc. For further informa-
tion, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Machinery/Automation category. 
DRC-98-33 

øSoftware for Probabilistic Analysis 
CompuScope 225 1000 

8 Bit Resolution 

50 MS/s Sampling 

* UpTo8Meg Memory 

* Designed for OEM 
Applications 

GCIGCZ 
GAGE APPLIED SCIENCES INC. 
1233 Shelburne Road, Suite 400 
South Burlington, \/T 05403 

Tel: 800-567-GAGE	 Fax: 800-780-8411 
e-mail: prodinto@gage-applied.com  
web site: http:Flwww.gage-appllericom 
Fran, outside U.S. coil 514-633-7447 or Fax 514-633-0770

GENOA is an advanced, completely 
integrated, hierarchical software pack-
age for computationally simulating the 
thermal and mechanical responses of 
high-temperature composite materials 
and of structures made of those mate-
rials. The development of GENOA was 
guided partly by the need for a compu-
tational tool that could accelerate the 
design process while making it possible 
to avoid designing structures to be 
unnecessarily heavy and expensive, as 
they can be when one follows a deter-
ministic approach and uses simple 
safety factors to account for variability 
among structural components in the 
effort to design conservatively. GENOA 
implements a probabilistic approach in 
which design criteria and objectives are 
based on quantified reliability targets 
that are consistent with the inherently

stochastic nature of the properties of 
materials and structures. 

The probabilistic approach to design 
involves the use of the deterministic 
basic equations of mechanics in a 
more-comprehensive analysis in which 
stochasticity is quantified by use of 
probability distributions. The methods 
used to simulate numerically the con-
sequences of probability distributions 
include the Monte Carlo method and 
such algebraic methods as first-order 
reliability, second-order reliability, the 
mean-value method, or the response-
surface method. Probabilistic methods 
provide measures of the variation of 
risks of failure with variations in design 
parameters and properties of materi-
als, thereby making it possible to deter-
mine the robustness of a design. 
Realistic indications of the lifetimes of 

of Composite Structures 
An integrated software package exploits parallel processing 
to reduce computation time. 
Lewis Research Centei; Cleveland, Ohio 
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• 12-/16-bit PCI and ISA boards 
with analog I/O, analog output, 
digital I/O and C/Ts 

• Up to 333 ksamples/s 

• Extensive signal conditioning 

• Over 70 models 

• TTL/NMOS/CMOS-compatible 
I/O lines 

• High-current drive 

• Unidirectional, bidirectional and 
strobe I/O 

I much	 I At last, real-	 :-

A

and control boards for your PC 

• 

tCCURACY	
.5ps response 

• Ideal for test stand control, 
digital control development 
and stepper motor control 

• High-performance 16-/32-bit 
C/C++, Visual Basic and Delphi 
drivers for Windows 3.1/95/NT 

• Support for LabVIEW ® and 
TestPoinr data acquisition and 
control software 

SMARTLINK INSTRUMtNJS 

• Only 7"x1.5"x 1 

• Lab-grade accuracy wherever 
you need it 

• 12-20 bits and up to 30,000 
readings/s 

• Accommodate thermocouple, 
bridge strain, RTD, acceleration, 
torce, humidity and many other 
sI t I1 al types 

• L'SB, Ethernet, RS-242/232/485,

PCMCIA or modem interface 

PCMCIA CARDS 

• 12- and 16-bit, 100 ksample/s, 
analog I/O, analog output and 
digital I/O PCMCIA cards 

Call for your FREE catalog 1-888-KEITHI..EY 

www.keithley.com 
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Analytical Components Are Integrated in an iterative computational procedure with hierarchical multiple-level parallelism. 

structures can be obtained by taking 
account of such phenomena as low 
cycle fatigue, cracking induced by 
flaws, yield and ultimate strengths, 
creep strength, the operational envi-
ronment, and damage in service. The 
economic benefits of using probabilis-
tic methods to design and analyze 
structures include (1) reduction of

weights (and thus reduction of initial 
costs) of structures, (2) reduction of 
operating and service costs, (3) reduc-
tion of failure rates, and (4) capability 
to generate predictable maintenance 
schedules. 

GENOA provides computational in-
tegration and parallel processing for 
probabilistic mathematics and for

mathematical models of composite 
materials and structures. Massively par-
allel processing enables GENOA to 
function in the face of the inherent 
complexities of high-temperature com-
posite-material structures. Dynamic 
load-balancing optimization tech-
niques are used in GENOA to mini-
mize processing time. To perform a 
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In science, technology, engineering, 
finance, medicine, research, education 
—over a million professionals and 
students now rely on Mathematica to 
do their work. 

For projects large and small, from initial 
concept to final report, Mathematica has 
defined the state of the art in technical 
computing for nearly a decade. 

NUMERICAL COMPUTATION 
Worlds most complete collection of mathe-
matical functions • Unlimited numerical 
precision • Matrix and tensor operations 
Ordinary and partial differential equations 
• Fourier transforms • Data manipulation, 
fining, and statistics • Root finding • Opti-
mization • Number theory 

SYMBOLIC COMPUTATION 
State-of-the-art computer algebra algorithms 
• Simplification • Polynomial factoring and 
manipulation • Symbolic integration • Alge-
braic and differential equation solving 
Symbolic matrix operations • General list 
and string processing

ADVANCED LANGUAGE 
Award-winning intuitive symbolic language 
• Procedural, functional, list-based, rule-
based, and object-oriented programming 
Uniform symbolic expression representation 
of all objects • Fully scalable from small to 
large programs 

GRAPHICS AND SOUND 
2D, 3D, contour, and density plots • Gener-
al 3D object visualization • Animation 
Sampled sound • High-level symbolic 
graphics description language • Resolution-
independent PostScript output • Export and 
import of standard graphics formats 

PROGRAMMABLE INTERFACE 
Customizable palettes • Free-form 2D input 

Complete math notation • 700+ math 
and other characters • Programmable 
notation rules 

NOTEBOOK DOCUMENTS 
Interactive documents with text, graphics, 
sound, and math • Publication-quality 
editable typeset formulas and tables • Full 
range of formatting options • Automatic 
optimization for screen and print • Export 
capabilities in TEX, HTML, and more • Fully 
programmable symbolic representation 
Free MathReoder

SYSTEM FEATURES 
100% platform independent • Microsoft Win-
dows, Macintosh, Unix/X • Unicode support 
General MathLink' API • Distributed computing 

APPLICATIONS LIBRARY 
Over 30 products now available in data 
analysis, wavelets, time series, optics, 
astronomy, control systems, mechanical 
systems, structural mechanics, electrical 
engineering, finance, education, and more 

FULL SERVICE 
3000+ pages of award-winning 
online documentation • Three 
levels of technical sup-
port and consulting 
200+ books availablc  
• Volume discounts •	 .-' 
Flexible academic site 	

, 4 programs • Versions fci	 - 
students and teachers
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Information and purchases: www.woifrarn.com/v3/ntb  
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given anal ysis, GENOA takes about 
1/20 of the processing time of a typical 
older serial-processing program devel-
oped for the same purpose. 

GENOA features a highly modular 
architecture that makes it fast, accu-
rate, and user-friendly. Hierarchical 
analytical components are implement-
ed by software modules that contain 
highly specialized analysis codes 
(including nonlinear finite-element 
and micromechanical-analysis codes, 
for example). These components are 
integrated in a computational proce-
dure that involves iteration between 
microscopic and macroscopic scales 
(see figure). The integration is effect-
ed by use of a graphical user interface 
(GUI) and an executive controller sys-
tem (ECS). The menu-driven ECS con-
nec ts the modules. The GUI provides a 
seamless transition from description of 
a problem through implementation of 
the solution process to post-processing 
graphical display of solution data. The 
value of integration cannot be over-
emphasized: in GENOA, it is easy to 
import data from another structural-
analysis or computer-aided-design pro-
gram to describe a problem, whereas in 
most finite-element-analysis programs, 
such importation is difficult. 

Analytical performance is enhanced 
by a capability to size adjacent problem 
domains dynamically to minimize 
processor waiting times. Central-pro-
cessing-unit time is reduced and mem-
ory limitations are overcome by intro-
duction of an effective optimized par-
allelization algorithm characterized by 
machine-independent multiple-in-
struction/multiple-data (MIMD), sin-
gle-instruction/multiple-data (SIMD), 
and Open Software Foundation 
(OSF) types of computer architecture. 
Hierarchical stochastic simulation is 
performed to accommodate the nu-
merous levels of uncertainty present in 
environmentally dependent properties 
of materials, enabling the user to iden-
tify quickly the most probable critical 
point of a design. 

This work was done b'' Frank Abdi, 
Yvgeniv Mirvis, Jafar Hadian, and Kenneth 

J. Newell of Alpha STAR Corp. for Lewis 
Research Center. For further information, 
access the Technical Support Package (TSP) 

free on-line at wwzv.nasatech.com under the 
Materials category. 

Inquiries concerning rights for the com-
mercial use of this invention should be 
addressed to NASA Lewis Research Center 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW16543. 

Visit the NEW 
NASA Tech Briefs 

WEB SITE 

www.nasatech.com 

Fast, easy access to information you need to meet 

your design and manufacturing challenges: 

42	 NASA Tech Briefs,JuIy 1998 



Finite-Element Model of Piezoelectric
Instrumentation 
ActiveX Controls 

and Thermal Effects 
Layerwise finite elements enable modeling of responses of 
"smart" piezoelectric composite structures. 
Lewis Research Center, Cleveland, Ohio 

A mathematical model that includes 
layerwise finite elements has been devel-
oped for use in numerical simulation of 
the coupled electrical, mechanical, and 
thermal responses of composite plate 
structures that incorporate piezoelectric 
sensors and actuators. Typically, the sen-
sors and actuators in these so-called 
"smart" structures consist mainly of 
patches or layers of piezoceramic mater-
ial. These "smart" structures can be used 
to sense and/or induce stresses, strains, 
and/or displacements in themselves or 
in larger structures of which they are 
parts. In one important class of potential 
applications that is particularly relevant 
to the present mathematical model, the 
piezoelectric actuators would be used to 
counteract thermal distortions. 

The mathematical derivation of the 
model begins with the representation of 
coupled mechanical, electrical, and 
thermal responses at the material level 
by a set of simultaneous equations that

include (1) the equation for mechanical 
equilibrium in the presence of stress; (2) 
Maxwell's equation for the conservation 
of electric displacements; and (3) the 
constitutive equations that express the 
relationships among strain, electric 
field, and temperature in a ther-
mopiezoelectric material. The mechani-
cal displacement, electric potential, and 
temperature are assumed to be fields 
that are layerwise continuous through 
the thickness of a given laminate or 
plate structure. This assumption pro-
vides the capability to capture locally 
induced piezoelectric effects, leading to 
increased accuracy in prediction of 
stresses, especially in a laminate that is 
thick and/or that exhibits strong 
through-the-thickness thermal and elas-
tic inhomogeneities. 

The layerwise formulation leads to a 
corresponding finite-element formula-
tion for a bilinear plate element. The 
finite-element equations can be put into
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ComponentWorks is a suite of 
ActiveX controls for developing 
custom test and measurement 
systems. Integrate instruments and 
measuring devices using a variety of 
hardware interfaces with intuitive 
and powerful I/O controls. 
• GPIB	 •VXI 

• Plug-in data	 • Serial (RS-232) 
acquisition 

Real-Time User Interfaces 
Make your application easy to use 
with highly configurable instrumentation-
style user interface controls. 
• Graphs	 • Switches 
• Charts	 • LEDs 
• Gauges	 • Slides 
• Knobs	 • Tanks 
• Thermometers • And more... 

Advanced Mathematical 
Analysis 
Perform sophisticated mathematical 
analysis using an extensive library 
of advanced analysis functions, 
including statistics, curve-fitting, 
signal processing, and array 
operations. 

For Free Evaluation Controls 
Visit www.natinst.com/cworks 
to download full-featured 
evaluation controls. 

Call (800) 661-6063 I 
today for aFREE I 
Component Works 
brochure and ordering 
information. 

7 NATIONAL 
INSTRUMENTS 

U.S. Corporate Headquarters 
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Figure 1. This Graphite/Epoxy Plate With Piezoceramic Patches on its upper and lower surfaces was 
considered to be simply supported at its right and left edges, and subject to a thermal gradient 
through its thickness. 
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a compact matrix form, with the electric 
potential partitioned into active (ap-
plied) and sensory components. The 
advantage of this form is that the 
unknown variables (displacements and 
sensory electric potentials) appear on 
the left side, while the known quantities 
(mechanical loads, thermal loads, elec-
tric charges, and applied voltages) 
appear on the right side of the equation. 
The partitioned equations can be 
uncoupled into an independent equa-
tion for mechanical displacements and 
another independent equation for sen-
sory electric potentials. 

In a test case, the model was applied 
in a simulation of the behavior of a ther-

mally loaded 00/±4501 graphite/ epoxy 
laminated plate with a total of 30 piezo-
ceramic patches mounted in symmetri-
cal patterns on the top and bottom sur-
faces. The plate (see Figure 1) was con-
sidered to he simply supported along its 
y edges, and to be subjected to a thermal 
gradient from a temperature of 50 °C at 
its top surface to —50 °C at its bottom 
surface. The model was used to calculate 
the distortion caused by the thermal gra-
dient alone, plus the combined effects 
of the thermal gradient and piezoelec-
tric actuation. The numerical results, 
plotted in Figure 2, indicate that appli-
cation of equal potentials of 70 V to the 
upper and lower piezoelectric patches

counteracts the thermal distortion to 
such an extent as to reduce the center-
line deflection to near zero. 

This work was done by Ho-Jun Lee of 
Lewis Research Center and Dimitrios 
A. Saravanos of Ohio Aerospace Institute. 
For further information, access the Tech-
nical Support Package (TSP) free on .line at 
www.nasatech.com under the Mechanics 
category. 

Inquiries concerning rights for the com-
mercial use of this invention should be 
addressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-16537. 
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Figure L Displacements ot the Plate ot Figure 1 were computed by use of the mathematical model to illustrate the capability of the model and the use of 
piezoelectric actuation in a smart structure to counteract thermal distortion. 
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The All New Dash B Field Recorder From Astro-Med... 

Big ce OR Monitor! 
Big Memory! 
Small Package!

Ad

1IIP'	 • 10.4 Inch Active Color LCD 

Monitor - Color Code Each 

Waveform for Quick Analysis 

LiII11øIIiI 02 GB Internal Hard Drive & 100 MB Zip ® Drive 

8 C •	 hannels - 2 kHz Response 

• Isolated Input Range —50 mV to 500V FS 

\\	 • DSP for Filtering, RMS, Integration, and Derivative 

• Handy Z-Fold Chart 

I Rugged, Compact, Portable - Less than 20 lbs 

Look at data in real time on the color monitor and chart or record data to the big internal hard 

drive for playback and review later on the big, bright color monitor. Or, transfer data to the built-in 

removable Zip drive and use your computer for further analysis or archiving. The all new Dash 8 - 

truly a remarkable recorder and data acquisition instrument you can take anywhere. 

Call, E-mail, Fax, or write to us today for all the details. 

IJIJAstroMed, Inc 
Astro-Med Industrial Park, West Warwick, Rhode Island 02893 

Telephone: (401) 828-4000 • Toll Free: 800-343-4039 • Fax: (401) 822-2430 

In Canada Telephone Toll Free: 1-800-565-2216 

E-mail: astro-med@astro-med.com • Web Site: www.astro-med.com 

Sales and Service Centers throughout the U.S., Canada and Europe. 
Dealers located throughout the world • Astro-Med is System Certified to ISO 9001 
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(t Special Coverage: Graphics & Simulation 

lireault Research Or-
tnizauon, Tucson. AZ, 
is released ASAP" 6.0 

optical engineering and 
nanalysis software that 
!11,)%%,s  users to design. 
,tindvzc, and prototype 

ptical SVstents in one 
tiogram. Features in-

( ki	 I	 i'. ci 1 using standard spread-
sheet navigation Icaturcs; 1(,LS Ii ajislator: and Radiant Sources, 
which allows direct import of Radiant Imaging 's measured sources 
for modeling filament, plasma, and gas discharged sources. 

The software features four modules: ASAP/Basic, which processes 
up to 300 objects for non-imaging anal ysis; ASAP/Pro, an expanded 
version of ASAP/Basic, for anal yzing very large optical system models 
such as those generated by CAD programs; ASAP/CAD, which 
imports and exports optical system data from IGES format to ASAP 
input format for analysis; and ASAP/Optical for oherent imaging 
functionality and wave optics propagation. 

For More Information Circle No. 735 

Ilic MathWorks, Natick, MA. 
i,i announced an enhanced 

-	 utision of the DSP Workshop 

"	

-	 digital signal processing design 
- L4. and simulation software, which 

consists of MATLAB, Simulink, 
Signal Processing Toolbox, and 

e 

-	
DSP Blockset. The integrated
nvironment includes an array 

language for algorithm develop-
nient and a block diagram simu-
lation environment for simtilat-
111g, testing, and generating 
code for use on target DSPs. 

I' tilt alice nte iii ii chide i tlt1a'ovente its in simulation and code gen-
eration efficiency: the addition of a filter realization wizard that sim-
plifies creation of filter structures in the DSP Blockset; and flexible 
tools for linking external functions into Simulink. The Workshop 
supports Windows 95/NT, Sun, Hewlett-Packard, IBM, Silicon 
(;nipltics. and Digital Alpha workstations. 

For More Information Circle No. 739 

Exa Corp., Lexington, 
MA, offers Power-

Ir

	

	
FLOW' Release 3 inter-




nal and external fluid 
1flow simulation sft 

_

	

	 ware that incorporates

multiplatform availahil-

interf acing with setup, 
simulation, and post 

processing in a single package. The software is suitable for applica-
tions including transient and steady-state fluid flows, and employs a 
fully automatic grid generation. Time-accurate results from realistic 
transient behavior simulations are provided. 

A universal CAD interface allows the use of engineering models 
from ANSYS, CATLA, MSC/NASTRAN, Pro/ENGINEER, SDRC, Uni-
graphics, and other CAD programs. Simulations run on Silicon 
Graphics and Sun Microsystems servers, with set-up and post-pro-
cessing available on Hewlett-Packard. SGI, and Sun workstations. 

For More Information Circle No. 743

'ttelliCAD 98 CAD


	

- .:.. .	 I oolset	 from	 Vtsio 
,.. .. ......

 
or p., Seattle, WA, 

the use of exist-
,. ..	 ..	 .	 .AutoCAD files, 

	

-J U	
IiIIn:nds:ndtol:


incorporating 
\%,(' file format as its 

I	 live format. Auto- 
\D files can be 

I.	 I	
't ,ened and saved with- 
lit conversion. Co-m 

l i Ii of " I :.,en,thlt users to work with 
multiple open documents, tli,tnagt' di auiligs isitli the Drawing 
Explorer, and modify multiple selected entities. 

Users can edit embedded ActiveX objects in place in Intelli(AD 
drawings; customize menu toolbars and s ymbol libraries; and create 
3D designs, including hidden-line, shaded, or full y rendered photo-
realistic versions of 3D models with custom-specified surface materi-
als, background settitigs, and lighting effects. 

For More Information Circle No. 736 

	

.,.	 F lvpersignal IntPro Lab" 
•	 - .t	

-	 graphical image process-

tption,Dallas,Tfca' 
lines 32-bit design, allow-
ing formulation of algo-
I thins derived from an 
engineer s conceptual 
tt.The 

ed image and signal pro-
essing environment sup-

1)11115 1)" 11) Il ,ii-nno 111(1 sntnil lit	 niage ,ttialssis, as well as support-




ing usei-ss t itteti and user-defined functions and algorithms. 
The program allows an image processing algorithm to be graphi-

calls constructed, then executes the algorithm depicted in the block 
diagram at high speed. The user can view images, including full 
motion and display analysis results such as histograms. The two-level 
software incorporates a user interface and a library of selected image 
processing routines, Standard, Professional, and Enterprise Editions 
are available, all for \Vindou s 95/NT/98. 

For More Information Circle No. 742 

i upak VE Release 12 
mechanical event simu- 

tion for virtual proto 
J..	 typing software from 

AIgor, Pittsburgh, PA, 
allows users to simulate 
real-world behavior of 

icr,
- 

	 mechanical designs hav-
ing motion or impact 

- - ' over a defined time peri-
od. A coupling feature added to the general contact element enables 
users to restrict motion in mechanisms. Simulating material damp-
ing-related behavior such as shock-absorption is enabled with a new 
dashpot element. 

The general contact element allows the simulation of events involv-
ing the Interaction of several objects, and enables users to apply mul-
tiple element and material behavior values to a model at the same 
time. The coupling element enables definition of a relationship 
between parts of a mechanism by specifying the length at which the 
general contact element stiffens. 

For More Information Circle No. 745 
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Imrnersive Design, Acton,	 ha, 

it odured IPA 4.0 3D photoreahs-

n animation and visualization 
software that allows design engi-

I	 I. motion analysis engineers, 

nd technical professionals to visu-

li,e and interact with a product 

design by adding motion and 

enhanced visual characteristic' 

-	 [lie software translates a product 

ik'signed in a CAD/CAM package 

Into an interactive, 3D aninsatiol 

that can be viewed through Witi-

(11)05 95 NT si ni sot H ti in don itloaded from the web. 

11w base iiiodel. II' \ Stanclai cls. provides interactive animation; IPA 
Professional offers photorealistic visualization in real time, as well as 

ravtrace animation and rendering. Both versions feature time-based 
control of animations; enhanced shadow, true reflection, and anti-

aliasing capabilities; and flexibilit y for rendering and animation 

dow size.

For More Information Circle No. 737 

PC Macsvmai 2.3 and 

[NIX Macsyma 421 

-	 iuiiiierii ,tl. symbolic, and 

	

graphical	 mathematics 

\r1ington, MA, provide 

	

- stochastic	 mathemaut 

package, improved special 

functions, enhanced ten-

sor analysis, new polyno-

mial approximation routines, and 21) and 3D FFT routines. The soft-

ware can plot direction fields and phase plots for ordinary differeti 

tial equations, histograms, data with error bars, and standard 3D geo-

metric figures. 
The PC version is available for Windows 95 and NT, and lot 

Windows 3.1 with some reduction in features. It can be configure([ 

for O/S2Warp v4 or Macintosh PowerPC. It incorporates 100 ness 

template buttons andtype-in templates. The UNIX version features 

re-executable scientific notebooks with animated graphics, and text 

and graphics editing. 

For More Information Circle No. 740 

'.iiiipleP(I image pro- 
c&'sslng and analysis 

-	 I software from (;nipix, 

i	 I ridging Systems. (ran-

1 	 rrv Township,  PA, runs 
-	 -o-:

kJ	 aider Windows 95/NT 

d supports a range of 
- -	 irtieras and automated 

r-iipheral devices. It can 

w applied to a range of 

r imaging a 

lift dl! ii 0 LLIL! ,Ll,a a .01 sldiisi 0 analysis. Images are 

acquired live from analog video cameras, digital cameras, disk, across 

a network, from scanners, or from scantling electron microscopes. 

The software supports tip to I6—bit gray images and 24-bit color 

images in formats such as TIFF and JPEG. Other features include sin-

gle- or dual-tnonitor display; PCI digitizers for high-speed transfers; 

simultaneous monochrome and color inputs: automated control of 

multiple devices: XY & Z stagi' drives: multiple catiteta capture: and 

excitation / emissiutm filters. 

For More Information Circle No. 744

(-\IOLD 98.7 molding simula-
tion software from C-MOLD, 

I ouisville, K's features enhance-

n uts to shrinkage and warpage 

ill iulation, including the ability 

in incorporate fast-cooling pvT 

properties for semi-crystalline 

materials, and the ability to cou-

PIc layer-based residual stress 

filth orientation-induced ther-

riomechanical properties for 

I iber-filled materials. 

The software calculates layer-

1 dii tmgh It Ill11-GapT thickness of a part. Asa 

IM] t shi Inks (1111 lug LoOlillg. I esidual stress is caused within the part 

thickness. The residual stress varies through the thickness because 

the pressure and temperature histories vary at each layer through the 

part thickness. C-MOLD determines the orientation and thermome-

chanical properties at each thickness layer, providing even cooling 

between core and cavitv mold walls. 

For More Information Circle No. 738 

IMSI, San Rafael, CA, offers j==A 1 sirhoCAD Solid Modeler 

s2.0 ACIS'-hased 3D model- 
ing software that allows solid 

modeling of real-world oh- 

((Is in3D. Users can coticep- 

ttialize, construct, and revise 

product models and virtual 

prototypes prior to entering 

the manufacturing process. 

I he program is available for 

\\itidosss 95/NT,

Features include 32-bit 

 —lid modeling: the ability

AMIN  -
	 in extrude and sweep 2D 

objects into 3D geometries; 

di ngtammable/compliable


	

11 1) 11 IL, I inì ,i I i..	 i	 1 Ii si Ii ills iii s i,trn'd models with feature his-

tot ft's. itt II' 111,11! 1 111 1 1 ,111 s.iIt1 I )li	 ill saute (,otiraud, Phong. and ray-

tiMe tetidem ci puts textures: and bill 2D and 3[) constraint system. 


For More Information Circle No. 741 

Integrated Engineering 

Software, Winnipeg, 

Manitoba, Canada, has 

released Marconi 31) 

high-frequency electro-
magnetic field simula-
tion software, a full-

wave simulator that 

computes various para-

meters for 3D struc-

tures, including near/ 

far fields, radar cross-

sections, and Z. Y, S 

parameters. 

[lie software is based 

(in the boo nlars element method I lIE NI I numerical algorithm, tsnd 

tequnres no open-region ntcshing or artificial boundaries that limit 

FEM solutions. Applications include scattering, radiation, and 

EMC/EMI desigmi ti telecommtuucatiotis. to llmtar y. aerospace, and 

medical industmn's. 

For More Information Circle No. 746 
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()Delta-Doped CCDs as Low-Energy-Particle Detectors 
Detection of particles is in addition to traditional use of CCDs as imaging devices. 
NASA 'S Jet Propulsion Laboratory, Pasadena, California 

Charge-coupled devices (CCDs) of a 
type developed previously for imaging 
in ultraviolet light have been found to 
be useful as detectors of electrons and 
other charged particles with kinetic 
energies as low as about 100 eV. Here-
tofore, solid-state electronic devices have 
generally not been useful for detecting 
particles with kinetic energies below the 
keV range. The devices in question are 
back-side-illuminated silicon CCDs with 

delta (5) doping at their back-side 
interfaces between silicon and surface 
layers of silicon dioxide. Such a device at 
an earlier stage of development was 
described in "Growth of 6-Doped Layer 
on Silicon CCD" (NPO-18688) in the 
Laser Tech Briefs edition of NASA Tech 
Briefs, Vol. 19, No. 2 (February 1995), 
page 11. 

When an energetic charged particle 
enters a detector, some of its kinetic 
energy is dissipated in the generation of 
electron/hole pairs; the problem is to 
collect and measure the electron/hole 
charges before the electrons and holes 
recombine. In the absence of S doping, 
the inability of a silicon back-surface-illu-
minated device to detect either ultravio-
let photons or low-energy charged parti-
cles is attributable to a "dead" layer that 
includes the surface Si02 plus a potential 
well that extends about 0.5 ism into the 
silicon from the S'/S'02 interface (see 
figure). The depth of penetration of the 
particles in the energy range of interest is 
less than the depth of the dead layer. 
Consequently, most of the electrons gen-
erated by impingement of charged parti-
cles become trapped in the potential 
well, where they eventually recombine 
with holes and thus go undetected. 

Delta doping reduces the low-energy 
detection limit by effectively eliminating 
the back-side potential well. Delta dop-
ing is so named because its density-vs.-
depth characteristic is reminiscent of 
the Dirac S function (impulse function); 
the dopant is highly concentrated in a 
very thin layer. Preferably, the dopant 
is concentrated in one or at most two 
atomic layers in a crystal plane and 
therefore S doping is also known as 
atomic plane doping.

An experimental S-doped CCD for 
detecting low-energy charged particles 
was made by subjecting a commercial 
CCD to the following additional fabrica-
tion steps: First, an atomically clean sili-
con back surface was prepared by use of 
a hydrogen-termination surface-clean-
ing procedure that involves tempera-

tures no more than about 200 "C. Then 
residues of the cleaning procedure were 
outgassed in a vacuum as the temp-
erature of the device was gradually 
increased to an epitaxial-deposition tem-
perature of 450 °C. A 1-nm-thick layer of 
silicon doped with boron [an acceptor 
(p) dopant] to a density of 4 x 1020 

atoms/cm' was deposited epitaxially on 
the cleaned back surface. The silicon 
flux was interrupted briefly to enable 
the deposition of a S layer of boron with 
an areal density of 2 x 1014 atoms/cm2. 
The silicon flux was resumed to deposit 
a 1.5-nm-thick cap layer of silicon. 
Finally, the cap layer was exposed to 
steam to form a protective oxide on the 
back surface. 

In experiments, the device was found 
to detect incident electrons with ener-
gies as low as 50 eV. Quantitative analysis 
was performed for incident electrons in 
the 200-to-1,000-eV range. The signal

monotonically increased with increasing 
energy of the incident electrons. On the 
basis of data acquired in the experi-
ments, it has been estimated that even-
tually, cooled, 6-doped CCDs should be 
able to detect single electrons with ener-
gies as low as 100 eV, at a noise limit of 3 
electrons per pixel. 

This work was done by Shouleh Nikzad, 
Michael Hoenk, and Michael Hecht of 
Caltech; Amy Smith of MIT; and Ojuming 
Yu of Kansas State Universityfor NASA's jet 
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package 
(TSP) free on-line at wwzunasatech.com  
under the Electronic Components & Circuits 
category. 

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

Technology Reporting Office 
JPL 
Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-201 78, volume and number 
of this NASA Tech Briefs issue, and the 
page number 

Electron Energy 

Back	 Back-Side Potential Well	 Front 
/	 Charge-Collection 

Potential Well 

Incident Charged 
PalePhon 

Oxide 
Surface Layer/ 

About 15 

A Potential Well forms by trapping of positive charges in the oxide layer on the back side of a thin sil-
icon CCD. The potential well captures electrons generated by impingement of low-energy charged 
particles from the back. Delta doping eliminates the back-surface potential well, making it possible to 
collect and measure the generated electrons. 
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) Delta-Doped CCDs for Measuring Energies of 
Positive Ions 
Kinetic energies as low as 1.25 keY can be measured. 

NASA 'sJet Propulsion LaboratorT, Pasadena, California 

Research closely related to that 
reported in the preceding article has 
shown that 6-doped charge-coupled 
devices (CCDs) could be used to detect 
incident protons and perhaps other 
positive ions, and to measure the kinet-
ic energies of the ions, down to about 
1.25 keV. Prior to the development of 
6-doped CCDs, the minimum kinetic 
energy for detectability of protons by 
solid-state devices was about 10 keV, for 
the reasons described in the preceding 
article. 

Heretofore, a typical instrument for 
detecting low-kinetic-energy charged 
particles and measuring the particle 
kinetic energies has comprised a rela-
tively heavy, power-hungry electrostat-
ic- or magnetic-energy analyzer fol-
lowed by a microchannel-plate detec-
tor. In contrast, 5-doped CCDs offer 
the capability for measuring kinetic

energies directly in the detection 
process, without need for electrostatic 
or magnetic energy analyzers; this 
opens up the possibility of developing 
simpler, smaller, low-power-consump-
tion instruments for measuring low-
kinetic-energy charged particles. 

An experiment was performed to 
demonstrate the use of a 8-doped CCD 
to detect incident protons and measure 
their kinetic energies. A 6-doped CCD 
with associated camera electronics was 
placed in a vacuum chamber, attached 
to a magnetically analyzed low-kinetic-
energy proton-beam apparatus. The 
responses of the CCD were then mea-
sured at proton kinetic energies from 
12 down to 1.25 keV. The CCD output 
signals were found to vary monotoni-
cally with proton kinetic energy 
throughout the energy range of the 
experiment.

This work was done Shouleh Nikzad, 
Stythe Elliott, Thomas Cunningham, 
Walter Proniewicz, D. R. Croley, G. B. 
Murphy, and Dale Winther 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 & Circuits category. 

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

Technology Reporting Office 
JPL 
Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-20253, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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p
owerful, responsive, incredi-
bly fast. Clearly, the full family 

of Kodak Motion Analyzers leaves 
everything else far behind. 

So whatever your application - solving a high 
speed production line glitch, testing airbags, product 
R&D, you name it - the possibilities are unlimited. 

Kodak Motion Analyzers come souped-up with 
your favorite features. Or ruggedized for tough,

hard-driving environments. 
Even compact to get you in 

and out of tight spaces. You can 
capture it single frame or reach speeds of over 40,000 
frames per second. Plus you get stop-on-a-dime instant 
replay and ample memory for long record times. 

Call 69-535-2908 or e-mail us today for more infor-
mation. Then go as fast as you like. herever the road 
leads you. 

800-462-430, ext. 8023 • wwm rnasdkodak. corn ' e-mail. masdkodak@aol. corn 
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Inductance to Resonate Rectifier Circuit 

dc Power Out 
Traditional Mode 

4 
dc Power In


in Inverse Mode 

0 Inverse Rectennas for Two-Way Wifeless 
Power Transmission 
Suitable rectennas under reverse bias can be made to act as transmitters. 
NASA 'S Jet Propulsion Laboratory, Pasadena, California 

The term "inverse rectenna" may 
seem like an oxymoron at first glance. 
However, preliminary experiments have 
demonstrated that a rectenna of suit-
able design can be made to operate in 
an inverse mode, in which radio-fre-
quency (RF) power is generated in the 
rectenna rectifier circuits and radiated 
by the rectenna antenna elements. 

This experimental finding provides 
encouragement for the use of rectennas 
as bidirectional (both transmitting and 
receiving) devices in developmental 
microwave wireless-power-transmission 
systems. Heretofore, a bidirectional 
microwave terminal for a typical con-
ceptual wireless-power-transmission sys-
tem might have included (a) a transmit-
ter comprising a transmitting antenna 
connected to a magnetron or klystron 
oscillator or perhaps an impact 
avalanche transit-time- (IMPATT)-diode 
oscillator, plus (b) a receiver comprising 
a separate rectenna. If only one device 
- a rectenna capable of operating in 
transmitting as well as receiving mode 
- could be used at each end of a 
microwave power link, then the cost of 
the link could be reduced. Potential 
applications for inverse rectennas lie in 
the microwave wireless transmission of 
power between any two of the following: 
ground stations, airships, aircraft, and 
spacecraft. 

In the rectenna used in the experi-
ments, the rectifier circuits included 
low-pass microwave filters and micro-
wave resonators connected to GaAs 
Schottky-barrier diodes (see figure). 
Inverse operation was obtained by 
doing little more than treating the dc-
output terminals as dc-input terminals. 
By simply applying reverse-polarity dc 
bias to these terminals, the rectifier cir-
cuits were made to function similarly to 
IMPATT-diode oscillators. 

Approximately, 1 percent dc to RF 
conversion efficiency was obtained, with 
oscillations at 3.3 GHz. In previous 
research, rectenna energy-conversion 
efficiency as high as 91 percent had 
been achieved in the receiving mode. 
However, IMPATT oscillators are typi-
cally only about 10-percent efficient; in 
other words, about 90 percent of the dc 
input power becomes heat, which must 
be removed. Special provisions for heat 
sinking were made for the experiments. 
The issues of energy-conversion effi-

Microwave Power In 
(Traditional Mode) 

4 
Microwave Power Out


(Inverse Mode) 

ciency and heat sinking would have to 
be addressed in developing practical 
inverse rectennas. 

This work was done by Richard M. 
Dickinson of Caltech and James McSpadden 
of Texas A&M, NASA Center for Space

Power, for NASA's Jet Propulsion Labo-
ratory. For further information, access the 
Technical Support Package (TSP) free 
on-line at www.nasatech.com under the 
Electronic Components & Circuits category. 
NPO-20321

fi	 Half-Wave Schottky-Barrier 	 Bypass Capacitance 
/	 Diode Rectifier	 and Output Filter 

Element of Half-Wave Dipole Antenna 

SIMPLIFIED ELECTRICAL SCHEMATIC DIAGRAM OF ONE UNIT 

This Rectenna Array consists of multiple identical units, each containing dipole microwave antenna 
elements, microwave circuitry, and a half-wave rectifier in the form of a GaAs Schottky-barrier diode. 
In the traditional mode of operation, the array acts as a receiver, converting incident RF power to dc 
power. In the recently discovered inverse mode, the array acts as a transmitter, converting dc power 
to radiated RF power. 
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PRESENT SYSTEM

Reproduction Cost: 	 $350,000 per subsystem (1996 Prices) 
Maintenance Cost: High, because of maintenance of old technology, high reproduction costs, 

and need for a large maintenance crew and a maintenance facility. 

Rack-Mounted

Units 

Terrestrial Portable Spacecraft-Mission-Support Stations 
Augmented laptop computers would perform tracking, telemetry, command, monitoring, 
and control functions. 
NASA 'sJet Propulsion Laboratory, Pasadena, California

A data-communication and -process-
ing network of compact, laptop-com-
puter-based portable stations communi-
cating via the World Wide Web (WWW) 
has been proposed as a relatively inex-
pensive end-to-end ground support sys-
tem for future spacecraft missions. At 
present, end-to-end ground support 
functions (receiving, tracking, teleme-
try, command, monitoring, and con-
trol) are distributed among several sub-
systems in rack-mounted chassis (see 
figure). Many of these subsystems have 
outdated designs that entail high repro-
duction, maintenance, and operational 
(labor) costs. The costs are even higher 
than they might otherwise he because 
some functions are duplicated by two 
independent systems at NASA's Jet 
Propulsion Laboratory: the Deep Space 
Communications Complex (DSCC) 
and the Advanced Multi-Mission Oper-
ation System (AMMOS). The AMMOS 
is an intermediate product of evolution 
toward the proposed system and is not 
an end-to-end system; in the AMMOS, 
some telemetric and interfacial func-
tions are implemented in software on a 
laptop computer, at data rates that are 
too low for typical spacecraft missions. 

In the proposed system, only the 
antenna subsystems, central command 
subsystems, receivers, transmitters, and 
data-storage or -buffering equipment 
would be retained at the DSCC. The 
other subsystems and the duplication 
between the DSCC and the AMMOS 
would be eliminated. Functions of track-
ing, ranging, command, monitoring 
and control, simulation and processing 
of telemetric data, central processing of 
data, and operation of the network 
would be performed by combinations of 
hardware and software in the portable 
stations. 

To keep costs low, the portable sta-
tions would be made of commercial off-
the-shelf products to the extent possi-
ble. To achieve the required data rates 
and promote modularity and interoper-
ability, separate subsystem functions 
(e.g., telemetry, tracking, ranging, and 
command) would be implemented in

hardware on separate circuit cards that 
conform to the Personal Computer 
Memory Card International Association 
(PCMCIA) standard. The sizes of inte-
grated circuits on the PCMCIA cards 
could be reduced by use of multichip-
module (MCM) packaging techniques. 

A portable station could be operated 
at any suitable location in the world; for 
example, at the DSCC, aboard a vessel, 
at a field site on land, or in a re-
searcher's office or laboratory at a uni-
versity. The system would enable a scien-
tist to perform multiple tasks simultane-
ously from such a location. For example, 
a scientist could perform a sea-floor geo-
desy experiment by use of the Global

Positioning System while tracking a 
spacecraft and processing telemetric 
data. Inasmuch as only one operator 
(the scientist or an assistant) would be 
able to manage all of these tasks, the cost 
of operating the system would be less 
than that of operating the present 

<$3,500 per subsystem or card 
(1996 Prices) 
Must reduce to zero: taking advantage of 
increased reliability and lower reproduction 
costs of new circuit cards, it is more cost-
effective to make the cards disposable 
rather than supporting a maintenance crew 
and facility. 

system, which depends on multiple 
operators. The innovations discussed 
here are formulated concepts, and have 
not been fully reduced to practice. 

This work was done by Barbara Lam 
of Caltech for NASA's Jet Propulsion 
Laboratory. For furt her information, access 
the Technical Support Package (TSP) free 
on-line at www.nasatech.com under the 
Electronic Systems category. NPO-20286 

Reproduction Cost: 

Maintenance Cost: 

op Computer 

I 
PROPOSED SYSTEM 

Mission-Support Electronic Systems Are Evolving from assemblies of expensive, obsolescent, rack-
mounted units in central locations to cheaper, laptop-computer-based portable units. 
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Digi-Sense® 

Temperature Controller

I.EM:LCRL Video Screen Splitter 

with Reticle Generator 

Enable direct plug-in of heating 
devices; advanced models with 
free software for remote control 
Controllers feature plain English menus 
and multiple selectable control modes 
from simple on/off to sophisticated 
autotuning PID. Safety features include 
over-temperature and timer cutoffs, 
separate fuses for instrument and out-
put receptacles, and out-of-range 
alarms that are both audible and visual. 

All models accept eight types of ther-
mocouple probes and permit direct 
plug-in of heaters and other devices. 
Advanced models include bidirectional 
RS-232, free control software, and 
ramp and soak capabilities for storing 
up to nine programs. 

Cole-Parmer Instrument Co. 
For more info—Circle 565 

Falcon Series 

Digital Pressure Gauges 

A variety of models available 
to meet your exact application 
requirements 
These new 
pressure gauges 
feature high 
accuracy 
(±0.25%) and 
316 stainless steel 
media capability. 
Models are available 
for loop, battery, or 
AC/DC power; and some 
have alarm and/or retransmission 
options. All models feature large, clear 
3 1/2-digit display; rugged, aluminum 
case; and test gauge accuracy. With 
the variety of configurations, and 
ranges available, you're sure to find 
the gauge you need for your pressure 
application. 

Cole-Parmer Instrument Co. 
For more info—Circle 566

For high magnification alignment 
and side-by-side comparison 
This NTSC/EIA, RS-1 70 screen splitter 
accepts input from two cameras for 
high-resolution 
image compar-
ison. Ideal for 
quality control 
applications. 
Display inputs 
side-by-side 
on the split 
screen, or 
see either	 - 
input full 
screen. 
Create independent uigIe/double 
crosshairs or size adjustable box 
reticles for each image. 

Screen splitter supplies power to each 
camera and includes cables. Compat-
ible with color or monochrome video. 

Cole-Parmer Instrument Co. 
For more info—Circle 567 

New Multi-Color 

Graphic Recorders 

Touch-screen permits rapid 
movement between displays 
Gain quick access to plant operating 
conditions with these 
full-color graphic 
recorders. The 
high-resolution 
LCD and 
touch-screen 
technology 
ensure that all 
functions are 
instantly 
accessible and 
easy to analyze. 
Models available 
with 6 or 12 isolated inputs to monitor 
thermocouples, RTD, DC voltage, DC 
current, and ohm readings. 

Trend function displays current and 
historical data for comparison, and a 
built-in 1.4 MB floppy drive lets you 
transfer data to your spreadsheet soft-
ware. Recorders feature four alarms per 
channel and an IP65 rating for use in 
hostile environments. 

Cole-Parmer Instrument Co. 
For more info—Circle 568 
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C Training Neural Networks With Fewer Quantization Bits 
Maximum synaptic weights are progressively reduced in the cascade back-propagation 
learning algorithm. 
NASA sJe! Propulsion Laboratory, Pasadena, California 

A method for reducing the 
number of bits of quantization 
of synaptic weights during train-
ing of an artificial neural net-
work involves the use of the cas-
cade back-propagation learning 
algorithm. The development 
of neural networks of ade-
quate synaptic-weight resolu-
tion in very-large-scale integrat-
ed (VLSI) circuitry poses con-
siderable problems of overall 
size, power consumption, com-
plexity, and connection density. 
Reduction of the required num- Learnin 
ber of bits from the present typ- which 

ical value of 12 to a value as low weight 
steps is 

as 5 could thus facilitate and of the 
accelerate development,	 upon n 

In this algorithm, neurons 
are added sequentially to a network, and 
gradient descent is used to permanently 
fix both the input and output synaptic 
weights connected to each added neu-
ron before proceeding further. Each

added neuron has synaptic connections 
to the inputs and to the output of every 
preceding neuron; thus, each added 
neuron implements a hidden neural 
layer. The addition of each successive

neuron provides an 
opportunity to further 
reduce the mean 
squared error. Because 
the average number of 
connections to a neu-
ron is small, learning is 
quite fast. 

To adapt the cascade 
back-propagation algo-
rithm to neural-net-
work circuitry with 
limited dynamic range 
(equivalently, coarse 
weight resolution) in 

ptic-connection-	 the synapses, one re-
the size of the duces the maximum 
level B. The size 
rning is stopped synaptic conductances 

associated with neurons

added later. This effec-




tively reduces the sizes of synaptic-weight 

quantization steps, so that in the later

stages, the desired synaptic-weight reso-




lution is ultimately achieved and the 

learning objective approached as closely 

Learning Trajectory With Many Bits of Quantization 

Contours of Constant Mean 
\ /	 Squared Error (Level Decreases as 
\ /	 Desired Point is Approached) 

Learning Trajectory With 

Fewer Bits of Quantization


(Method Described in the Text) 

g Trajectories of a neural network are plotted symbolically in a plane, in 
the two perpendicular axes represent the many syna 
;. During learning according to the method of the text, 
reduced when the trajectory reaches the contour at error 

steps is further reduced upon reaching error level C. Lea 
?aching the contour at error level D. 

Electromagnetic Design - The Solution 
OPERA software provides user friendly design and analysis tools for 
electrostatic, magnetostatic and time varying electromagnetic 
devices and systems. A wide frequency range (including resonant 
cavity calculations) and transient effects may be modeled. Particle 

beam modeling (including space charge 
effects) may be analyzed. Comprehensive 
user support is always provided. 

APPLICATIONS INCLUDE: 

• Motors	 • Recording Heads 
• Generators	 • Fusion Magnets 
• Actuators	 • Waveguide Devices 
• Sensors	 and Junctions 

Magnetic Shielding	 • RF Cavities

—=: 

Ono 

• Resonant Structures 
• Electron Guns and 

Beams 
• Field Emission	 r' 

Microscopes 

' VECTOR FIELDS 
Software for Electromagnetic Design

1700 N. Farnsworth Ave., Aurora, IL 60505 

Phone: (630) 851-1734 Fax: (630) 851-2106 


E-Mail: Info@vectorfields.com 

Web: www.vectorrields.com  
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as required, without having to increase 
the number of bits (see figure). 

Both simulations and tests with analog 
complementary metal oxide/semicon-
ductor (CMOS) VLSI hardware have 
shown that by use of this method, neural

networks can learn such difficult prob-
lems as 6-bit parity with synaptic quanti-
zations as low as 5 bits, as opposed to the 
8 to Hi bits required in the older error-
back-propagation and cascade-correla-
tion neural-network-learning algorithms.

This work was done by Than A. Duong 
of Cal/edt for NASA's Jet Propulsion 
Laboratory. For further information, access 
the ftchnical Support Package (TSP) free 
on-line at www.nasatech.com under the 
Electronic Systems category. NPO-1 9565 

GPS Drives Interactive Map Showing Position of Test Airplane 
This system could augment, back up, or substitute for a radar-based system. 
Dryden Flight Research (enter Edwards, California 

An electronic system that comprises 
airborne and ground-based subsystems 
generates data for a global real-time 
interactive map (GRIM) that displays 
the current position and velocity of the 
NASA F-18 Systems Research Aircraft 
(SRA). This system utilizes the Global 
Positioning System (GPS) to determine 
the position and velocity of the aircraft; 
it serves as a prototype for the develop-
ment of other, similar GPS-based systems 
that could he used for tracking and guid-
ance of aircraft during flight research. 
Such GPS-based systems could he used 
to augment, back up, or substitute for

radar-based tracking systems; indeed, as 
described below, the performance of the 
prototype GPS-based system has been 
compared with that of a radar-based 
tracking system in initial tests. 

Located aboard the SRA, the proto-
type airborne subsystem includes a GPS 
receiver (see Figure 1). The output data 
from the GPS receiver are melded into a 
stream of telemetry data, which are 
transmitted from the SRA to a ground 
station on a pulse-code-modulated radio 
signal. The ground-based subsystem 
includes the GRIM display equipment, 
which resides in a control room at

Dryden Flight Research Center. Pre-
viously, the GRIM was driven by data 
from a ground-based FPS-16 radar sub-
system. The development of the present 
system included modification of the 
GRIM to make it possible to track the 
position and velocity of the SRA simulta-
neously by use of both radar and GPS 
information. The GRIM software was 
modified to display a triangle to repre-
sent the position based on radar data 
and a circle to represent the position 
based on GPS data (see Figure 2). 

At the time of reporting the informa-
tion for this article, the performances of 

doe 

'?r 

GPS Antenna

1IuIIrI .	 Transmitter/Receiver 
Aircraft-to-Aircraft  

Communication Antenna

GPS Receiver 

Figure 1. A GPS Receiver Mounted in the SRA tracks position and velocity in three dimensions in real time.

- 
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the GRIM as driven by GPS and radar-
based data had been evaluated and com-
pared in more than ten research flights. 
Post-flight analysis revealed that GPS 
data differed from radar data by the fol-
lowing: 

Time lag .................................... 2 seconds 

Horizontal ...................... GPS horizontal 
position	 velocity x time lag 

Vertical position ............ ±300 ft (±91 m) 
(see figure) 

Velocity ........................±20 ft/s (±6 m/s) 

The system is not limited to a single 
aircraft. Multiple aircraft can be tracked 
on the GRIM, using GPS data only, radar 
data only, or both GPS and radar data. 
The capability to utilize GPS data is par-
ticularly advantageous in situations in 
which radar resources are insufficient or 
are unavailable because of competing 
priorities or schedules. 

This work was done by John McGrath: Ed 
Haering,Jr; Harry Miller,' Jack Trapp; Dave 
Webber; Glenn Bever, and Joe Collura o/ 
Dryden Flight Research Center; Jules 
Ficke of SPARTA, Inc.; and George Aragon 
of OAO. For further information, access the 
Technical Support Package (TSP) free 
on-line at www.nasatech.com under the 
Electronic Systems category. 
DRC-98-23

Figure 2. This GRIM Display, generated during a test flight, shows ground track and position as deter-
mined by GPS and radar, 
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New! 
Harmonic Drive Gear 

Featuring... 

• Hollow Shaft up to 70mm 

• Zero Backlash 

• Compact Design 

• 50:1 thru 160:1 

NEW! Zero backlash, higt accuracy 
harmonic drive gearing enables 
design engineers Ió pass shafts, 
wires, tubing, or other components 
directly through the center of the 
gear. The SHF harmonic drive 
component sets offer maximum 
versatility. Machine designers can 
incorporate these components 
directly into their equipment to 
achieve an optimum package size. 
In addition, the patented AS" tooth 
profile has allowed the axial length 
to be reduced up to 409/6. 

The SHF harmonic drive housed 
unit, offers the design engineer 
convenience and simplicity. The 
gears are contained within a 
compact housing, where the output 
flange is supported by a large 
diameter cross roller bearing. This 
provides exceptional moment 
stiffness with high radial and axial 
load capacity.

II 

TSpeak with an application engineer 

HDSySI 
89 Cabot 

800-231 -H-r 
www.HDSystemslnc.com



• Matrix and Coating Polymers for Composite LOX Containers 
These polymers offer a combination of desirable properties. 
Marshall Space Flight Center Alabama

Two poly(arylene ether phosphine 
oxide)s (PAEPOs) have been found to 
be suitable as matrix and coating mate-
rials for composite-material (matrix/ 
fiber) tanks and pipes that contain liq-
uid oxygen (LOX). One of these 
PAEPOs is denoted by the trade name 
"Triton Oxygen Resistant" (TOR); this 
is a clear, yellowish material with the 
structural formula shown in the figure. 
The other PAEPO is a clear, colorless 
material called "colorless oxygen resis-
tant" (COR). 

These polymers exhibit properties 
that make them attractive for incorpo-
ration into composite-material LOX 
containers: 

They are physically and chemically 
compatible with LOX.

• They are compatible with the other 
component materials (toughened 
epoxies and graphite fibers) of com-
posite-material LOX containers. 

• They are amenable to processing by 
techniques used commonly in the 
fabrication of composite-material 
structures.

Some other commercially available 
polymers are compatible with liquid 
oxygen, but the use of them is inhibit-
ed, variously, by poor adhesion to other 
component materials, difficulties in 
processing, and/or the need to process 
them at temperatures high enough to 
damage other component materials. 

in 

A Member of the PAEPO Family of Polymers, the polymer represented by this structural formula is a 
clear, yellowish material that is compatible with liquid oxygen. 

The Ultimate in Math Software. 
The Minimum in Time and Cost.

Math software reviewers consistently rank 
acsyrna the friendliest of the powerful math 

1 software packages. Now, the improved on-line 
help system in new Macsyma ® 2.3 contains 

— smarter natural language query 
— 50% more math tips 
- over 100 new template buttons 

to make Macsyma 2.3 friendlier than ever. Plus Macsyma 2.3 
offers exciting improvements in math and graphics. Try 
Macsyma 2.3 at these special reduced prices through June 
30, 1998. Macsyma's price, power, and friendliness are simply 
unmatched. 

PC Macsyma Lite (limited capabilities, limited manuals) 	 $69 
PC Macsyma 2.3 (limited manuals) 	 $199 
PC Macsyma 2.3 (full manuals)	 $249 
PC Macsyma 2.3 Pro (NumKit". full manuals) 	 $349 
UNIX Macsyma	 $499

finite element analysis soft-
ware saves you time and effort by automat: 
cally generating and refining grids, and ana 
lyzing errors. You can solve a wide range o 
problems in heat transfer, solid and fluid 
mechanics, reaction diffusion, and electro-
magnetics, including nonlinear static, dynam-
ic, and eigenvalue problems. PDEase2D shares scientific 
notebooks with Macsyma and imports .dxf files from lead-
ing CAD programs. 

PDEase2D Lite (limited capabilities) 	 $99 
PDEase2D Pro	 $499 

Save on a Macsyma/PDEase bundle. 

Call SOO .-Macsyma (1-800-622-7962) for a free . demo CD

or visit us at http://www.macsyma.com 

Macsyma Inc.	 tel: 781-646-4550 

Macsyma	 20 Academy Street	 fax: 781-646-3161	

PDEase® Arlington, MA 02174-6436	 email: info@macsyma.com 
Macoyma and PDEase are registered trademarks of Mocoyma Inc. PDEase2D and NumKit are trademarks of Macsynna Inc 
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These PAEPOs in film form have 
been shown to be highly compatible 
with LOX. The films have passed the 
Marshall Space Flight Center LOX 
mechanical-impact-sensitivity test at 
the maximum required energy level of 
72 ft-lb (98J). The PAEPOs are soluble 
in a number of polar solvents and can 
therefore be applied from solution 
onto complexly shaped surfaces with 
relative ease; for example, by dip coat-
ing or brushing. The PAEPO films can 
be made very thin if necessary, and 
they adhere well to composites made of 
other component materials. 

These PAEPOs can also be used as 
matrix materials, along with graphite-
fiber reinforcements, in prepregs and 
in composites made from prepregs by

standard thermoplastic-matrix-compos-
ite consolidation techniques: A com-
posite panel can be laid up by stacking 
multiple prepreg plies; the layup is 
then vacuum bagged and consolidated 
in a hot press or autoclave. However, 
like composites made with other 
matrix materials, composites made 
with these polymers fall shy of the neat 
polymer films in LOX testing. The rea-
son for this behavior and what (if 
anything) can be done about it will 
he addressed in subsequent develop-
ment work. 

Although a PAEPO film can be 
applied to a previously cured epoxy-
matrix/graphite fiber structure, the 
most unique and promising way of 
coating such a structure with a PAEPO

film is to make the film become inti-
mately bonded with the underlying 
composite by use of the composite 
cociire process. In this approach, a thin 
film of the PAEPO is applied on one 
side of a epoxy/graphite prepreg lay-up 
prior to curing. Then as the layup is 
cured to the finished composite, the 
film forms a strong bond with the 
epoxy matrix. This process offers two 
advantages: (1) it is solventless and 
(2) it results in an excellent bond. 

This work was done by Marvin A. Guiles 
and Ross Haghighat of Triton Systems, inc., 
for Marshall Space Flight Center. For fur-
ther information, access the Technical Sup-
port Package (TSP,) free on-line at wwut 
nasateciz.com under the Materials aitegury. 
MFS-26541 

• Ion-Beam-Deposited DLC Coatings  on Fine-Grain CVD Diamond 
Friction and wear are reduced, relative to as-deposited CVI) diamond. 
Lewis Research Center Cleveland, Ohio 

Ion-beam-deposited surface layers of 
diamondlike carbon (DLC) on fine-
grain chemical-vapor-deposited (CVD) 
diamond have been found to be effec-

tive in reducing friction and wear in a 
variety of environments, including 
ultrahigh vacuum. This discovery 
opens the possibility of taking fuller

advantage of the properties of CVD 
diamond and DLC to manufacture pro-
tective coatings to provide solid lubri-
cation and resistance to wear, erosion, 
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an d c orrosion. 
0 Ion-Beam-Deposited DLC on Fine-Grain 	 Such coatings 

CVD Diamond 
u Fine-Grain CVD Diamond	 could he applied 

K Carbon-Ion-Implanted, Fine-Grain CVD	 to surfaces of bear-
Diamond	 ings, valves, cams, 

10-3-	 A	 gears, and mag-
netic recording 

E 10-4	
disks and tapes, 
for example. Not- 

I
withstanding the 
high costs of nat-
ural diamonds of 

0	 gem quality, the 

o	 costs of DLC and 
VD diamond are 

similar to those 

10-2	 10_1	 100	 of CVD and phys- 

Coefficient of Friction 	 ic al-vapor-de po-
sited (PVD) car-

Wear Rates and Coefficients of Friction were hide and nitride 
determined in sliding-contact tests. Outline films. The one 
symbols indicate tests in humid air, half-dark-
ened symbols indicate tests in dry nitrogen, and	 major disadvan-
fully darkened symbols indicate tests in vacuum. 	 tage of DLC is its 

lack of resistance 
to high temperature; its use must be restricted to tempera-
tures !^250 °C in air and !^350 °C in vacuum. 

CVD diamond offers some solid lubrication and resis-
tance to wear. However, friction and wear rates of as-
deposited CVD diamond depend on the environment; in 
particular, they are greater in vacuum than in humid air or 
dry nitrogen. CVD diamond can be modified by carbon- or 
nitrogen-ion implantation to obtain an amorphous, nondi-
amond carbon surface layer that reduces friction and wear 
regardless of the environment. However, the surface layer 
is usually !^0.5 jun thick; consequently, endurance is limit-
ed in the sense that use must typically be limited to light-
load and/or short-term operations. In contrast, DLC films 
can be deposited to thicknesses as great as 5 pm, with con-
comitant potential for increasing endurance. 

The wear-reducing and self-lubricating properties of 
specimens of ion-beam-deposited DLC on fine-grain CVD 
diamond were investigated in a series of experiments. For 
comparison, specimens of ion-beam-deposited DLC on sil-
icon and specimens of both as-deposited and carbon-ion-
implanted line-grain CVD were also included in the exper-
iments. The specimens were fabricated on flat disk silicon 
substrates, then coefficients of friction were measured 
while the specimens were rotated in sliding contact with 

VD-diamond-tipped hemispherical pins. 
The sliding-contact tests were performed in humid air, 

dry nitrogen, and vacuum. Surface profilometrywas 
performed to characterize surface features and de-
termine surface roughnesses and depths of wear. The 
results of the sliding-contact tests (summarized in the fig-
ure) indicate that ion-beam-deposited 1)LC can effect sig-
nificant reductions in the friction and wear of fine-grain 
CVD diamond. 

This work was done & Kazuhisa Miyoshi of Lewis Research 
Center and Richard C. Wu and William C. Lanter of K Systems 
Corp. For further information, access the Technical Support 
Package (TSP) free on-line at www.nasatech.com under 
the Materials category. 

Inquiries concerning rights for the commercial use of this inven-
tion should be addressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech Brief Patent Status, 
Mail Stop 7-3, 21000 Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-16564.
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The Latest Addition To 
Our Coupling Family 
• W. M. Bergs single beam cou-
pling is a natural product exten-
sion of our already popular three 
and six beam coupling family. 
Bergs One-Stop-Shop for cou-
pling requirements includes three 
and six beam, Oldham, bellows, 
spider, universal lateral, wafer 
spring and flex-thane. 

We can manufacture and stock for your neeuls Cat 
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TEL: 1-800-232-BERG 
FAX: 1.800-455-BERG 
Web Address www.wmberg.com

A Great Set Of Specs 
• Single beam couplings have 
bore sizes ranging from 3/32" to 1" 
and have max. working torques 
from 1.5 to 100 in-lbs. They can 
be used as an economical, low-
torque option for your design 
needs and are very effective in 
overcoming common types of 
misalignment. 

BERG 
W. M. BERG, INC. 

PRECISION MECHANICAL COMPONENTS 

489 Ocean Avenue, East Rocicaway. NY 11518 
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NEWS BRIEFS 
Notes from Industry 
and the Federal Laboratories 

The first annual Electronics Tech 
Briefs Product of the Year Award for 
1997 was won by MicroSim Corp., of 
Irvine, CA, for its Release 8, a tightly 
integrated start-to-finish desktop elec-
tronic design automation (EDA) sys-
tem for mixed analog/digital designs. 
The company (which merged late last 
year with OrCAD, of Beaverton, OR) 
points to two new features as inno-
vative: Design Journal' and Design 
Manager. The first enables engineers 
to mark checkpoints at key crossroads, 
try alternative design directions, com-
pare the results of all the alternative 
choices on a single graph, then pro-
ceed with the best option. Design 
Manager functions as an automatic 
organizer, linking together all files, 
even non-EDA documents and refer-
ences to outside definitions, associated 
with the design into a single, self-con-
tained entity. Symbols from Models, 
another key feature, allows engineers 
to download simulation models pub-
lished by manufacturers on the 
Internet, and the system will create

symbols for the models automatically 
in minutes. 

Other finalists were GenRad Inc. of 
Concord, MA, for the Viper Visual In-
spection System, designed to provide a 
cost-effective solution for detecting and 
preventing defects in the component-
placement process for printed circuit 
boards; Cognex of Natick, MA, for the 
8000 Series' machine vision platform 
that incorporates its PatMax' software 
and plugs directly into the PCI bus of 
standard Pentium MMX" computers; 
and SGS-Thomson Microelectronics 
(now STMicroelectronics) of Lincoln, 
MA, for its ViPer 100, a monolithic 
combination of a state-of-the-art cur-
rent-mode pulse width modulation cir-
cuit and an optimized avalanche ener-
gy-rated high-voltage vertical power 
MOSFET. Each of the contending prod-
ucts had been a Product of the Month 
in 1997, chosen by Electronics Tech Briefs' 
editors for outstanding technical merit 
and practical value to the magazine's 
engineering and management readers. 
The winner was chosen by ballot by 
Electronics Tech Briefs'readers. 

Schroder Ventures, an international 
group of investors with offices in 
London and Frankfurt, agreed to

acquire Leica Microsystems Group of 
Wetzlar, Germany, from Leica Holdings 
B.V. of Rijswijk, the Netherlands. Con-
currently, Leica Microsystems an-
nounced that it had acquired the assets 
and employees of Jenoptik Silmetric 
GmbH of Jena, Germany, formerly part 
of the Jenoptik complex, and renamed 
it Leica Microsystems Jena GmbH. 

In March of 1996, Leica acquired 
the business unit Electron Beam Litho-
graphy Systems from Jenoptik, and 
dubbed it Leica Microsystems Litho-
graphy GmbH. Leica Microsystems is a 
worldwide presence in each of its five 
business areas: microscopy, preparation 
of microscopic specimens, image analy-
sis and laser scanning microscopy, med-
ical technology, and equipment for the 
semiconductor industry. Jenoptik Silm-
etric was active in the market for auto-
mated optical inspection and measur-
ing technology for the semiconductor 
manufacturing industry. The acquisi-
tion will bring Leica Microsystems 
Jena's employee count to 94. 

With a worldwide network of 18 sales 
companies, 11 factories in seven coun-
tries, and a total workforce of 3600 
employees, Leica Microsystems has 
annual revenues of more than 880 mil-
lion Deutschmarks ($500 million). 

ffective 

1P. AEM INC. 
11525 Sorrento Valley Road 
San Diego, CA 92121-1307 

Tolt	 :.. 
Fax: (619) 481-1123 

www.aem-usa.coii

AEM fuses have been the choice of most major space programs for 

over 25 years, with zero failures in orbit. 

AEM is the sole supplier of Hi-Rel solid body current limiting fuses produced 

by thick film technique for the satellite and aerospace industries. 

Listed on the QPL, AEM fuses are specifically designed for use in critical, 

high-reliability applications, including high-vacuum environments.



A Thermal 
Challenge 
Meets c 
Unique 
Design 

Today's electronic 
components are increasingly demand-
ing of thermal solutions to remove 
excess heat. Heat dissipation is necessary 
not only to prevent failure of devices but 
also to increase the devices' reliability. 
Finding the correct solutions to such 
challenges is becoming more difficult as 
electronic devices decrease in package 
size and increase in power. The problem 
becomes worse with geometries that 
allow little or no air flow. Not only must 
the thermal requirements be met; the 

AAVID'S

new heat sink


optimizes

cooling of ball


grid arrays. 

solution must accommodate constraints 
on heat-sink size. Because board real 
estate is at a premium, this poses a for-
midable challenge. When choosing a 
heat sink, the design engineer must 
consider whether it can dissipate the 
required amount of heat yet still fit with-
in the available space.

A TIGHT SQUEEZE 
Nowhere is the space requirement 

more stringent than in today's PC 
boards. With board densities increasing, 
the requirement for smaller heat sinks 
becomes apparent. This is especially 
true in the world of ball grid array 
(BGA) packaging, where devices that 
previously did not require a demanding 
thermal solution now present significant 
design challenges. 

Increasingly popular, BGAs are found 
in applications such as high-speed net-
work routers, automotive global posi-
tioning systems, and high-resolution 
plotters. One example of a BGA that 
presents difficult thermal hurdles is a 40-
mm BGA-packaged microprocessor with 
a power dissipation requirement of 
about 8 W. In cases where the devicc 
is exposed to little or no au 
flow - i.e., less than 150 linear 
feet per minute (lfm), such 
as in small and tightly 
packed electron]'( 
packages, a 
unique heat 
sink is called 
for. It must meet 
the typical reqtlIl-
ments of high heat 
dissipation in a small 
envelope, with the added 

OptiPin heat sinks come with a preap-
plied double-sided thermally conductive 

tape for quick and easy installation

Aavid's OptiPin heat sinks for Super BGA pack-
ages utilize an optimum fin geometry to get the 
maximum amount of cooling out of a low-air-
flow environment. This design uses pin-shaped 
fins, with pin size versus pin spacing specifically 
designed for air flow of 150 /fm or less. 

constraint of low air flow. The new 

OptiPin heat sink from Aavid Thermal

Products meets all these requirements. 


The OptiPin is only 158 in. square

and 0.45 in. high, and weighs 14.6

grams. Proprietary thermal modeling

programs helped identify the optimum

fin geometry to get the maximum

amount of cooling in an environment of 

low air flow. This design uses pin-shaped

fins, with pin size versus pin spacing 


specifically designed for air flow of 150

]fin or less. This allows the OptiPin


to utilize all available air flow.

The OptiPin can keep a


40-mm BGA chip, at 8 W

dissipation, 10 to 20 per-




cent cooler and, in

most cases, occupy


less space than

conventional 

dl	 heat-sink de-

li'	 signs. The fully 
Ill	 ptimized fin config-

oration of the OptiPin 
.dso keeps the drop in air-

low pressure to a minimum, 
allowing system-cooling air to 

teach other hot components. 
(Continued on page 4a) 
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Quality is easy to detect. And no company provides a higher caliber of digital 

instruments than Sony. Reliable. Field-proven. And 

loaded with features that meet your needs for any type 

of on-site data acquisition. Our lightweight, easily 

portable data recorders use progressive technology such 

as Advanced Intelligent 1pe (AM, the new standard for high speed, large capacity 

digital data storage. But that's not surprising, considering our record for pioneering 

DAT technology. Sony data recorders. Call us today and learn how you can take 

data acquisition to dramatically new levels. 
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The thermal performance curve illustrates forced vs. natural convection for an OptiPin heat sink. 

If it's NC 
Versatile 
S

Ii 

CLIPPING PENALTY 
The elimination of the socket in sur-

face-mount assembly of BGA packages 
prevents the convenient use of a clip to 
attach the heat sink to the device. This 
limits the choice of attachment methods 
to drilling holes in the board for me-
chanical attachment, or using adhesives 
to mount the heat sink directly to the 
BGA. Lack of board real estate may pro-
hibit using holes in the board. OptiPin 
answers the attachment question by 
offering thermally conductive double-
sided preapplied tape. This is a peel-
and-stick tape, enabling easy attach-
ment of the heat sink at the production-
floor site. OptiPin is also available with a 
bare mounting surface for use with 
other thermal adhesives and attach-
ment methods. OptiPin heat sinks are 
complex extrusions, cross-cut using 
high-end, high-volume machines to 
achieve the extremely thin (0.4 mm) 
pin fins—a manufacturing technique 
made possible by Aavid's innovative 
tooling expertise. As a result of this 
high-yield manufacturing process, Opti-
Pin heat sinks provide customers with a 
high-volume and thus low-cost thermal 
solution. 

The OptiPin heat sink can be used 
on other 40-mm-square package types

besides BGAs. OptiPin is is suitable for 
devices such as quad flat packs, plastic 
lead chip carriers, pin grin arrays, and 
plastic grid arrays. With a versatility that 
covers many different types of packages, 
and fully optimized thermal characteris-
tics, OptiPin is an excellent drop-in solu-

tion for board-level heat dissipation 
applications. 

For more information, contact Erik 
Fleming, Application Engineer, at Aavid 
Thermal Products, Santa Ana, CA; (714) 
241-4141; fax: (714) 556-5140; E-mail: 
jleming@aavid.com. 

It's NOT FML
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DIGITAL IMAGING SOLUTIONS FOR THE CUTTING EDGE 
• 10.4" ruggedized aircraft LCD displays

0 

• Dimmable backlights (500: 1)	 James Grunder & Associates 
• Digital or analog inputs	 14563 West 96th Terrace 
• 640 x 480 resolution	 Lenexa, Kansas 66215 
• Anti-glare screens	 *Phone: (913) 492-4666 • 	 Fax: (913) 895-7496 
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Improved Two-Wavelength Focal-Plane Array of QWIPs 
Temperatures of objects imaged on the array could be determined. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A focal-plane array 
(EPA) of GaAs-based quan-
tum-well infrared photo-
detectors (QWIPs) that 
would detect images in two 
wavelength bands simulta-
neously is undergoing de-
velopment. From ratios be-
tween image intensities at 

Metal Short Circuits 
Indium Bumps for Bonding This Pixel Responds This Pixel Responds to CIVICS Multiplexer to LWIR Only to MWIR Only / 

Ohmic Contact 
Layers MWI	 MWIR J	 wi JMWlR /: 

•	 / Substrate

the two wavelengths, one 
can calculate the tempera-
tures of imaged objects by 
use of Planck's radiation law. In several 
respects, this device is similar to the one 
described in "Two-Wavelength Focal-
Plane Array of QWIPs" (NPO-19658) 
NASA Tech Briefs, Vol. 22, No. 1 (January 
1998), page 8a. Both devices are in-
tended to serve as prototypes of multi-
spectral imaging devices for a variety of 
scientific, industrial, and military in-
frared instruments. 

QWIPs that operate in medium-wave 
infrared (MWTR) and long-wavelength 
infrared (LWIR) bands have been un-
dergoing development in recent years. 
The best previously available two-wave-
length QWIP contains two stacked, volt-
age-tunable QWIP structures - one for 
MWIR and one for LWIR. Two difficul-
ties arise in connection with attempts to 
utilize that device in an FPA: (1) the de-
vice must be supplied with two voltages, 
which cannot be obtained from any cur-
rently available readout multiplexers; 
and (2) a high bias (>8V) must be sup-
plied to the LWIR segment to switch on 
LWIR detection. 

The present device is designed to over-
come these difficulties. It is based partly 
on the QWIP FPA in a portable camera

developed recently by the same innova-
tors. The array would contain 512 x 484 
pixels. Each pixel would contain 25 peri-
ods of an MWIR QWIP structure stacked 
with 25 periods of an LWIR QWIP struc-
ture. The two stacks would be separated 
by a heavily doped intermediate GaAs 
contact layer. The responses of the 
MWIR and LWIR QWIP structures would 
peak at wavelengths of 4.5 and 9 pm, re-
spectively. This entire stack as described 
thus far would be sandwiched between 
doped GaAs contact layers and grown on 
a semi-insulated GaAs substrate by mole-
cular-beam epiraxy. A GaAs cap layer 
would be added on top of a thin A1GaAs 
stop-etch layer on top of the device to 
fabricate a light-coupling optical cavity. 

All pixels would contain both the 
MWIR and LWIR structures. However, 
during a metallization sequence that 
would be part of the fabrication process, 
the MWIR QWIPs on odd-numbered 
rows and the LWIR QWIPs on even-num-
bered rows of the FPA would be short-cir-
cuited (see figure). This interlaced short-
circuiting of the MWIR and LWIR 
detectors would eliminate complicated 
voltage tuning and the necessity for very

high bias voltage to operate the LWIR 
QWIPS. The QWIP FPA would be hy-
bridized to a 512 x 484 complementary 
metal oxide/semiconductor (CMOS) 
multiplexer, which would read the alter-
nating LWIR and MWIR rows to produce 
both an MWIR and an LWIR image of 
the same scene. 

This work was done by Sarath D. Guna-
pa/a of Caltech and Kwong Kit Choi of the 
U.S. Army Research Laboratory for NASA's 
Jet Propulsion Laboratory. For further in-
formation, access the Technical Support Pack-
age (TSP) free on-line at wwuinasatech.com 
under the Electronic Components and Circuits 
category. 

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

Technology Reporting Office 
JPL 
Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-1 983 7, volume and number of 
this NASA Tech Briefs issue, and the page 
number 

- 

MWIR and LWIR QWIPs Would Be Short-Circuited in alternate rows so that the array would detect interlaced LWIR and 
MWIR images. This is a schematic partial cross-sectional view looking along the rows. 

Heat Pipes for Temperature Control in Electronics 
A 3-mm-diameter heat pipe keeps computer chips from blowing their cool. 
Thermacore Inc., Lancaster Pennsylvania 

As electronic circuits become more 
densely packaged and higher in power, 
maintaining them within permissible 
temperature ranges becomes a major 
issue. This is especially true in the case of 
such portable devices as laptop comput-
ers, cellular telephones, and other hand-
held units. Cooling by a conventional ap-
proach (for example, by use of a fan and 
a heat sink) ultimately reduces the useful 
battery power and the useful operating 
time of a portable device. Using its own

funds, Thermacore Inc. employed 
knowledge gained from the Small Busi-
ness Innovation Research (SBIR) pro-
gram to develop a miniature high-per-
formance heat pipe for use in cooling 
portable electronic devices. 

A heat pipe is a sealed heat-transfer el-
ement. It makes use of two-phase heat 
transfer to carry heat at a small tempera-
ture drop from an input area, where a 
working fluid is evaporated, to an output 
area where the vapor is condensed, giv-

ing up its heat of vaporization. Capillary 
pumping in a porous wick structure re-
turns the condensed liquid to be re-evap-
orated, thus making the heat pipe pas-
sive in the sense that no external power 
is needed for its operation. 

In a laptop computer, a 3-mm-diame-
ter heat pipe (see Figure 1) is used to 
spread the heat over a large area that is 
effectively cooled by natural convection. 
The ability of the 3-mm heat pipe to ade-
quately transport the excess heat is due 

6a	 www.nasatech.com	 July 1998 
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Figure 1. Heat Pipes in Laptop Computers help 
dissipate harmful concentrations of heat. 

to a high-performance sintered powder 
metal wick structure that lines the inte-
rior wall. This wick structure also enables 
the heat pipe to work in any orientation. 
The heat-pipe pressure boundary and 
wick are made from copper, and water is 
the working fluid. 

Given the high volume of computer 
manufacturing, the cost of heat pipes has 
been reduced significantly, quite often 
providing economical solutions to prob-
lems of cooling in many applications. 
Thermacore has used compan y funds to 
develop the fabrication process needed 
and to build the factory required for 
mass production of miniature heat pipes. 
Production rates have already exceeded 
7,500 units per day. 

The commercial success of the minia-
ture heat pipes is spawning other ad-
vanced heat-pipe-based products. One 
such product entering the marketplace is 
the loop heat pipe (LHP) shown in Fig-
ure 2. The LHP includes a pair of narrow 
tubes (typically 3 mm in diameter), sev- 
eral meters long, along which heat can 
he tfllflSpOlte(.l while the ll lhc m -c ill ow

orientation. The key to the performance 
of the LHP is the a small-pore (!^l pm) 
powder metal wick structure in the evap-
orator section. This wick structure is typ-
ically made from nickel or stainless steel. 
The exterior pressure boundar y material 
of an LHP is made of stainless steel or 
aluminum. 

LHPs were invented in the former So-
viet Union in the early 1980s. Expertise 
in the design and fabrication of LHPs 
was brought to the United States by 
Thermacore Inc. in 1990. During the 
past several years, the ability to fabricate 
all aspects of LHPs was transferred to 
Thermacore Inc. and its sister company, 
Dynatherm Corp. This transfer created a 
United States supplier of LHPs and of ex-
pertise pertaining to LHPs. 

A family of these devices has been pro-
duced to begin to address several appli-
cations, such as cooling of avionics in air-
craft and missiles, aircraft anti-icing, 
regulation of temperatures in spacecraft, 
and solar heating to produce domestic 
hot water. Development of an LHP anti-
icing system is being funded through the 
NASA SBIR program and monitored by 
NASA Lewis Research Center. LHPs will 
be used to passively transport engine 
waste heat forward to supply heat to crit-
ical surfaces to prevent ice formation. 
Because waste heat is used here, there is 
no power penalty and engine efficiency 
remains high. It is anticipated that an op-
erational system will be demonstrated on 
an unmanned aircraft in late 1998. 

Loop heat pipes are also finding their 
way into applications on spacecraft. Dv-
natherm Corp. manufactures loop heat 
pipes for use on satellites. An American-
node l	 heat PIIie was shown to ()101-

ate successfully during a microgravita-
tional flight experiment aboard the 
space shuttle (flight STS-87). Further ad-
vancements in LHPs are being funded by 
NASA Goddard Space Flight Center 
through the SBIR program. 

LHPs are expected to be incorporated 
into rooftop heating units for producing 
domestic hot water. An LHP can accept 
solar energy on a roof and transport it 
passively to a water heater in the base-
ment. Since the LHP subsystem of the 
hot-water system operates completely 

Figure 2. This 4-Meter LHP delivered thermal 
power of 225 W against a 9-ft (2.7-m) adverse 
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passively, an increase in system efficiency over that achieved 
without solar/LHP augmentation is anticipated. 

This work was done 6v Thermacore Inc. under NASA SBIR 
contracts monitored b NASA's Johnson Space Center, Goddard 
Space Flight Center, and Lewis Research Center. For more infor-
mation, contact Nelsonj Gernert: telephone: (717) 569-6551; e-mail 
address: gernert@thermacore.com; Thermacore Inc., 780 Eden Road, 
Lancaster PA 17601. 

Single-Event  Utchup Protection 
of Integrated Circuits 
A new technology shows much promise in 
recovering from single-event upsets. 
Space Electronics Inc., San Diego, California 

Many commercially available advanced-technology CMOS 
and bipolar integrated circuits are susceptible to single-event 
latchup (SEL) effects caused by heavy ions or protons from 
cosmic rays or solar flares, making them unsuitable for satellite 
applications. Remanufacturing the integrated circuits in an in-
herently SEL-immune process has been an expensive and tech-
nically difficult option, as is the alternate option of incorpo-
rating latchup protection and recovery circuitry in the 
spacecraft system's electronics. 

Space Electronics Inc. has developed several different cir-
cuits that provide protection and recovery of integrated cir-
cuits known to exhibit single-event-induced latchup. These cir-
cuits are integrated within the same package as the susceptible 
integrated circuit using multichip module (MCM) and mod-
ern packaging technology, resulting in a device-level solution 
providing minimum cost and minimum impact on the system. 

The Latchup Protection Technology (LPT) circuit was de-
signed to provide current limiting to the device, detect the in-
crease in current during the SEL event above a preset thresh-
old, force a shutdown when the threshold is exceeded, hold 
the device in the shutdown mode for a preset time interval, 
and return the device's supply voltage to its original operating 
level. 

The LPT circuitry (patent pending) has the potential to be 
applied to a wide variety of susceptible devices. The specific im-
plementation details such as current latchup protection 
threshold and supply off time are determined by characteriza-
tion of the susceptible devices at a heavy ion facility. The LPT 
device converts a single-event latchup into a recoverable event. 

Two devices were evaluated with LPT: the ADS7805 16-bit 
analog-to-digital converter and the Gatefield GRI0009 9000-
gate flash programmable gate array. The first was selected for 

Supply Current With & Without Latchup Protection 
1 

Supply	
1

 Supply 

Cj 

A	 A 
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Supply current waveforms. 
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EIeetrues,,TERAT!RF 
TECH  

Free catalogs and literature for 
Electronics Tech Briefs' readers. 
To order, write in the 
corresponding number on the 
Reader Information Request 
Form (preceding page 65). 

! 
]1  ELECTRONICS 

ENCLOSURES 
CATALOG 

p	 Modular cabinets, sloped-
lion consoles, electronic 

F

lsks, computer furniture, 
-	 and instrument cabinets 

are shown and described in 
this lice 300-page catalog. Included are sections on 
EMIjRFI-shielded enclosures, earthquake-rein-
forced enclosures, and express shipping. Catalog is 
available in print version or as an IBM-compatible 
software program. Equipto Electronics Corp., 351 
Woodlawn Ave., Aurora, IL 60506-9988; (800) 204-
RACK; fax (630) 897-5314; web site: http://www. 
equiptoelec.corn . 

Equipto Electronic Corp. 
For More Information Circle No. 490

latchup protection, and the preliminary 
circuit design and analysis was based on 
protecting the ADS7805 device, which is 
susceptible to SEL at low , linear energy 
transfer levels. 

The ADS7805 integrated circuit draws 
current from an analog and digital sup-
ply pin. The LPT circuit must sense the 
current into the supply pins, and, when 
the latchup current threshold is ex-
ceeded, remove the supply voltage from 
the latched device. During the time that 
the supply voltage is removed from the 
device, the supply current draw will 
come exclusively from the LPT circuit. 
After a set time interval required for the 
latchup to clear, the LPT circuit reap-
plies the supply voltage to the device and 
normal operation is restored. 

The figure shows the supply current 
with and without a protection circuit dur-
ing a single-event latchup. The LPT cir-
cuit will have a latchup current thresh-
old, 'threshold, an activation delay time, ti,, 
and recovery time tpi. The LPT circuit is 
activated when the supply current ex-
ceeds the '1hho1d value; the supply cur-
rent is turned off (grounded) within 
time t0 after 'thhotd is reached. The de-

vice is off for time period tREc. This can 
be compared with the unprotected 
latchup supply current response shown 
in the figure, where the normal operat-
ing current rises to the latchup current 
in response to a single-event latchup. 

Heavy ion characterization and valida-
tion of the ADS7805 with the LPT cir-
cuitry was performed using the Jet 
Propulsion Laboratories Californium-
252 source at Pasadena, CA, and also 
using the Texas A&M University cy-
clotron facility. Latchup protection and 
recovery of the ADS7805 was demon-
strated at both. Peak latchup current was 
measured between 146 and 267 mA and 
device recovery as shown with supply off 
times of 45 ps and 2.5 ms. Additional val-
idation testing was performed by NASA 
Goddard Space Flight Center. 

This work was done by PJ. Layton, DR. 
Czal*owski, JC. Marshall, H.FD. Anthony, 
and K W. Boss at Space Electronics Inc., 
4031 Sorrento Valley Blvd., San Diego, CA 
92121; (619) 452-4167. RAD-PAKis a reg-
istered trademark of Space Electronics Inc. 
LPT is a trademark of Space Electronics. This 
work was partially supported by NASA con-
tract no. NAS8-97186. 

CUSTOM 
PRECISION 
POTENTIOMETERS 
6,1,11 onix Custom Preci-
ion Potentiometers Catalog 

provides background on the 
-	 company's industry-leading 

design and manufacturing 
capabilities. Betatronix has 

iiied conductive plastic and wirewound 
"'ii iiiiiiii,cleis for 30 years. Catalog covers linear 

and rotary motion, aerospace and missile, outer 
space, and robotics and animatronics applica-
tions; full-color photos and mechanical parame -
ters of all-inclusive product line are featured. Be-
tatrolsix, Inc., 110 Nicon Court, Hauppauge, NY 
11788; Tel: 516-582-6740; Fax: 516-582-6038; 
www.betatronix.com 

Betatronix, Inc. 

For More Information Circle No. 491 

OMNETICS 
CONNECTOR 
CORP. 
Omnetics designs and 
manufactures a full 
line of micro- and 
nano-miniature con-
nectors. Standard and 
custom single, two-row, 
and circular configura-
tions	 available	 on 

0.025 and ((.050 ui-i lines. These mil-spec con-
nectors are suitable tic applications in military, 
aerospace, medical, instrumentation, and test. Ca-
pabilities include prototyping through high-vol. 
time production. Omnetics Connector Corp., 7264] 
Commerce Circle East, Minneapolis, MN 55432. 
3103: Tel: 612-572.0656; Fax: 612-572-3925. 

Omnetics Connector Corp. 

For More Information Circle No. 492

Berkeley Laboratory researchers have 
demonstrated a novel superconducting 
gradiometer that helps to reduce ambi-
ent magnetic field noise generated by rel-
atively distant sources in favor of tiny 
magnetic signals generated by a local 
source. This is another step toward the 
operation of SQUID-based instruments 
in an unshielded environment: for exam-
ple, for the detection of magnetic signals 
produced by the human heart or brain. 

The asymmetric gradiometer consists 
of a thin film of YBa2Cu107.. (YBCO) 
patterned to form two interconnected 
loops, one much bigger than the other. 
The smaller loop is inductively coupled 
to a high-transition-temperature (high-
TC) magnetometer. The dimensions of 
the gradiometer are carefully chosen so 
that a uniform magnetic field induces 
no response from the magnetometer. 
On the other hand, application of a 
magnetic field that varies spatially along 
the length of the gradiometer produces 
.s response that is proportional to the

gradient. Tests show that uniform mag-
netic fields in any direction are reduced 
by at least a factor of 1000. The device 
involves a single layer of YBCO, and 
should be relatively inexpensive to man-
ufacture, even with baselines sufficiently 
long for medical applications. 

The most likely applications are in 
biomagnetism: for example, magneto-
cardiology and magnetoencephalogra-
phy. Other potential applications are in 
nondestructive evaluation of materials. 

This work was done by John Clarke and 
colleagues at Ernest Orlando Lawrence 
Berkeley National Laboratory. Patents 
are pending on this invention. Berkeley Lab 
seeks partners for licensing and/or collabora-
tive development and commercialization of 
this new technology. For further information, 
contact Steve Hunter Technology Transfer 
Department, Berkeley National Laboratory, 1 
Cyclotron Rd., MS 90-1070, Berkeley, CA 
94720; (510) 486-5366; fax: (510) 486-
6457; lTD@lbl.gov; http://www.lbLgovl 
Tech Transfer 

SQUID-Based Asymmetric 
Planar Gradiometer 
Reduction of the level of ambient magnetic field noise 
from distant sources makes possible detection of tiny local 
magnetic fields. 
Ernest Orlando Lawrence Berkeley Laboratory, Berkeley, California 

-

- 
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NEW PRODUCTS

- 

PRODUCT OF THE MONTH 

Control and Data 

	

I,	
Acquisition System 
The ('ellSsstem CM/3i 
from Digalog Corp.. 
Ventura, GA, is a com-
pletely integrated system 
with modular control 

roost and ti sOt i II iIpiiilentS that connect with 
supplied cables to loriss a complete system for test-
cell data acquisition and direct engine/dynamome-
ter control. The real-time control and instrumenta-
tion CPU consists of a Pentium PC motherboard 
MCPU, Ethernet 10/1 OObT workstation communica-
tions link, and Digalog's 16-bit-accuracy continuous 
autocalibrating analog I/O CPU, digital I/O con-
troller, and ISA-to-Multibus adapter board. 

For More Information Circle No. 767 

Aluminum 
Electrolytic 
Capacitors 
Illinois CapacitorInc., 
Chicago, IL, s,is, that its 
SPH surface-Mount alu-

iris offer twice the life of 
standard types. Unlike other surface-mount electrolyt-
ic,,. the SPH is not a "can" in a box, according to the 
company. Its one-piece molded UL94V-0 case saves 
space, allowing increased board density. Capacitance 
ranges from 0.47-150 1aF at voltages from 4 WV to 50 
WV DC. Operating temperature ranges from -55 "C to 
+105 'C, with a capacitance tolerance of ±20 percent 
at 20 'C (12(1 Hz). For automated assembly, the SPH 
is available on carrier tape and reel. 

For More Inforrmitior, Circle No. 770 

-I, ' -  
Modular PCB 
Power 
Connectors 
lIw' py N1FTP5J' 
2 SPH tWO-picer 
power connec tol 
from Robinson Ni 

gent ho.. N en ,\lhammv. NY, is designed for PC boat 
to-hoard and hoard-to-backpanel high-power-distrib-
ution applications. The connectors, which handle 30 
A, include a right-angle PCB-mounted receptacle 
that mates with a vertical mounted header. The com-
pany says the unit's high power-handling capacity 
and flexibility make it suitable for telecommunica-
tions, datacom, computer-server, and industrial-con-
trol applications. 

For More Information Circle No. 773

Right-Angle Power Tap Unit 
AMP Inc., Harrisburg, PA, offers the Right-Angle 
Power Tap Receptacle and Power Pin to provide 
high-current capacity for perpendicular board-to-
hoard and board-to-bus applications. The Power Tap 
1iiosides power distribution up to 35 A for applica-
tions such as networking, mass storage, and base sta-
tions. The receptacle is designed with 

ACTION 
PIN" 

ilitacts in a 10-pin 0.100-in, by 0.300-in. DIP foot-
print for industry-standard mounting. The Tap can 
accommodate board thicknesses from 0.054 to 0.125 
in. The installed receptacle mates with a 0.141-in.-
diameter power pin that is mounted to either a 
printed circuit board or a bus bar. 

For More Information Circle No. 765 

Piezoresistive Pressure 
Sensors 

Iv- TO-ti Series of pressure 
isors from EG&G IC 
issors, Milpitas, CA, in-
ides four basic printed. 

ri ii i-Intact- ii Iii Ii package types. The Models 
16/17/46/47, mmic-imsrit eg absolute and gauge pres-
sures, are top-entry packages with the pressure port 
operating away from the PCB. The Models 26/27 are 
bottom-entry and measure gauge pressures. The 
Models 36/37 measure differential pressure in a 
dual-port design that utilizes a combination of both 
the top- and bottom-entry packages. They are avail-
able in 6- and 8-pin packages and in standard ranges 
from 0-15 psi to 0-250 psi. 

For More Information Circle No. 768 

Complex Data 
Generator 
[he PI-2000 data gems-




ratoc Irons Pulse In-




trumeists, Torrance. 

(A, has an almost mu-




die looping capabilit y and call create digital data 

patterns at speeds and complexities that fulfill the 

most demanding requirements, according to the 

company. It provides clock rates up to 150 MHz, with 

both YFL and ECL capability. It has 32 kilobits per 

channel, and can be configured from 8 to 40 chan-




nels in 8-channel increments. Both RI and NRZ

modes of operation are provided. The P1-2000 

includes a PC-compatible computer/controller with 

a 2. I-Gbyte hard drive for on-hoard pattern storage. 

For More Information Circle No. 771 

0  Ball Grid Array Socket 
Advanced Interconnections 
Corp., West Warwick, RJ, calls 
is True BGA Socket a preci- 
ion-engineered method for 

ball grid array socketing, emu-
lation, repair/ replacement, 
testing,  and upgrade. Instead 

ii s liii tug R(,\ devices directly to the PC board, 
Advanced's design allows the device to be dropped 
directly onto mating contacts, using a patent-pend-
ing pressure retention clamp that slides onto the 
BGA assembly. Available iii a wide range of footprints 
and in tape and reel packaging for automated assem-
bly, the socket has a coplanarity of less than the 
industry-standard 0.006 in. 

For More Information Circle No. 774

U
125-MHz Deskew ICs 

itesse Semiconductor Corp., 10	
1 

lie	
CA, introduces 

v- VSC6280, VSC628I, and 
5C6282, a family of 125-

\111z deskew integrated cir-
suN. I fiese digital CIt-skew ICs adjust the delay of 

eight signals independently over a range of 6 ns with 
6-ps resolution for signals up to 125 MHz. They can 
compensate for path-length differences in shared-
resource automatic test equipment s ystems, such as 
memory testers, low-cost logic or mixed-signal testers, 
and burn-its testers. Speed and reliability of datacom 
backplane systems, computer systems, and telecom 
central-office equipment are improved by correcting 
cluck and data skew, thus maintaining optimum setup 
and hold times, Vitesse says. 

For More Information Circle No. 766 

Power-Line Surge 
Suppressor 
NICG Electronics Inc., 
Deer Park, NY, introduces 

)	 -	 the SIAM JIM", a low-pro-
file AC power-line surge 

suppres'n it design (A tot msstallation inside a panel-
board or cabinet. fl y (- units provide up to 6600J of 
energy absorption its a 13-in.-x-4.25-in.-x-l-in. pack-
age. They are stackable for added protection: one 
Unit has 80 kA capability, two 160 kA, three 240 kA, 
etc. The SLIM JIM has thermal sensors to eliminate 
the slow-barn condition, and has the capability to 
disconnect a failed suppression unit before over-
heating. They are available for either 120/240 single-
phase or 120/208 three-phase circuits. 

For More Information Circle No. 769 

Ultraminiature 
Auto Relays 
'At onsat Corp., New 
Ptovidence,	 NJ, 
miroduces its ,	 NAiS 
framsd CP Series 
automotive relays, 

rated with ,t iiottuu,tl ss chug v.tpacity of2O A at 14 
V DC (resistive). The company says that the relays 
combine a current-carrying capacity of 35 A at 80 "C 
for two minutes with a new low-profile space-saving 
design. The sealed-construction relays measure 14 
mm long by 13 mm wide by 9.5 mns high. Ambient 
operating temperatures are -40 to 85 'C. The relays 
are designed to operate for a minimum of 10' 
mechanical operations at 120 cpm. 

For More Information Circle No. 772 

DC/DC Converter 
Modules 
A.stec America Inc., Carls-
bad, CA, introduces the 
first models in what it calls 
the next generation of 
high-density DC-to-DC cell-

v ei yet on ,dulc-s, [Isv new I 00-W single-output mod-
els have all input range of 36-75 V and no load/no 
capacitive limits. Available with outputs of 2.2, 3.3, 5, 
12, or 24 V, the 48-V-input units are suitable for 
telecommunications and computer equipment as 
well as a variety of industrial applications. Astec says 
that the wide baseplate operating temperature range 
of 40 to 100 'C witls no deratiisg means that the 
modules cats he used in the harshest environments. 

For More Information Circle No. 775 
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I Fron-

$695 

Dat
	 Isiti 

Now you can measure volts, 
thermocouples, frequency, 
pulse, and digital I/O with 
one low-cost, compact, and 
portable device attached to 
your notebook or desktop 
PC. The new Personal Daq 
from lOtech attaches to 
your PC's Universal Serial 
Bus (USB), providing 
plug-and-play commu-
nication and power to 
the Personal Daq. 

For less than $700, 
the Personal Daq offers 

all of these features: 

• voltage measurements up to 
±20V full scale 

• 22-bit resolution A/D converter 
• direct thermocouple measure-

ments—no extras to buy 
• frequency/pulse measurements 

up to 1 MHz 
• digital I/O up to 15V 
• 500V isolation from the PC 
• powered from USB - no extra 

power source required 

• quick-disconnect terminal blocks 
• DaqView Out-of-the-Box" soft-

ware for effortless setup, acquisi-
tion, real-time display, & export 
to other software such as ExceI' 

•	 drivers for Visual Basic, C, 
DASYLab, & LabVIEW® 

• expansion capacity up to 8,000 
channels via multiple USB hubs 

CIRCLE 401

41	 /



ADVERTISEMENT 

Data Acquisition Software 

E. i	 E	 -	 - 

i:i 	 ?.	 iJ 

I	 - 
L_	 '2	 375	 5i)

U	 -'-

DASYLab from lOtech is a Windows-based data acquisition appli-

cation that provides effortless setup, acquisition, analysis, graphics, 

and control. DASYLab's no-programming, connect-the-icons envi-

ronment eliminates the need for extensive training and programming 

time, providing flexible solutions in minutes, not weeks. Unlike other 

software that locks users into one brand of hardware. DASYLab sup-

ports data acquisition systems from  variety of suppliers, including 

lOtech's parallel-port. PC-Card, plug-in, and USB-based Daq prod-

ucts. DASYLab also supports lOtech's signal conditioning options 

for thermocouples. strain gages, accelerometers, and many other 

measurements. From $495. 

tOtech • (440) 439-4091 www.iotech.com/da/dasy2.htrnl  

CIRCLE 402 

PCl/IEEE 488 Inter-face 

The Personal488/PCI" interface from lOtech converts your PCI-bus PC 

into a high-performance IEEE 488.2-compliant controller capable of 

I Mbyte/s data transfer. In addition, it provides plug-and-play installa-

tion convenience, and 8 digital I/O lines. Software support includes 

Windows' 95 and Windows' NT drivers for most programming 

languages. including Visual Basic', C, C++, Delphi. and LabVIEW'. 

lOtech's Personal488" family also includes IEEE 488.2 interfaces for 

ISA and PC-Card buses. $495. 

tOtech • (440) 439-4091 • www.iotech.com/da/pci2.html 

CIRCLE 403

Portable Data Recorder 

S.	
.' 

.	 _. 

Ihe CImI1SLanl 4t) pLpeI!e' eLoldel 110111 jUL-Ui o!!cI lie tuiiiliai eel of 

a strip-chart recorder with the advanced features and ease-of-use of a PC-based 

data acquisition system. The recorder includes ChaitView" Out-of the-Box" 
software, which smoothly scrolls data over uniform grids that capture the look 

of chart paper. Expandable up to 128 isolated channels, the recorder offers a 

choice of four input connectors by way of plug-in scanning modules. Features 

include scan rates up to 147 channels/s, digital alarms, and more. Whether con-

nected to a PC or used as a stand-alone instrument, ChartScan is an ideal solu-

tion for temperature and voltage applications. From $2690. 

lOtech • (440) 439-4091 • sww.iotech.com/da/chart2.htmI 

CIRCLE 404 

100-kHz Portable Data Logging 
r

fl=.,__ 

L 
The new LogBook/300 data acquisition system from lOtech provides high 

speed, low cost, and ease-of-use—without requiring a PC at Your test site. 
The system features a 16-bit. 100-kHz A/D convener, and 16 single-ended 

or 8 differential analog inputs (expandable to 256). Ideal for a variety of 

portable and field applications. LogBook is smaller than a notebook PC and 

is AC and DC powerable. The system includes LogView" Out-of-the-Box" 
software, which pen-nits sophisticated data logging, without programming. 

From $3495. 

lOtech • (440) 439-4091 • www.iotech.com/da/log2.html 

CIRCLE 405



Passive Capture Joint With Three Degrees of Freedom 
New joint allows quick connection between any two structural elements where rotation in all 
three axes is desired. 
Marshall Space Flight Center Alabama 

A new joint, proposed for use on an 
attachable debris shield for the Inter-
national Space Station Service Module, 
has potential for commercial use in situ-
ations where hardware must be assem-
bled and disassembled on a regular basis.

tion in all three axes. The joint can be 
fastened by moving the two halves into 
position. The joint is then connected by 
inserting the ball into the bore of the 
base. When the joint ball is fully insert-
ed, the joint will lock with full strength.

ball mounted on a stem (such as those 
used on a common trailer-hitch ball) 
and a socket. The socket contains all 
the moving parts and is the important 
part of this invention. The socket also 
has a base, which contains a large cen-

The three-degrees-of-freedom capability of the Passive Capture Joint provides for quick connect and disconnect operations. 

This joint can be useful in a variety 
of applications, including replacing the 
joints commonly used on trailer-hitch 
tongues and temporary structures, such 
as crane booms and rigging. Other uses 
for this joint include assembly of struc-
tures where simple rapid deployment 
is essential, such as in space, undersea, 
and in military structures. 

This new joint allows for quick con-
nection between any two structural ele-
ments where it is desirable to have rota-

Release of this joint involves only a sim-
ple movement and rotation of one part. 
The joint can then be easil y separated. 

Most passive capture devices allow 
only axial rotation when fastened - 
if any movement is allowed at all. 
Manually- or power-actuated active joints 
require an additional action, or power 
and control signal, as well as a more 
complex mechanism. 

The design for this new joint is rela-
tively simple. It consists of two halves, a

tral cylindrical bore ending in a spheri-
cal cup. 

This work was done by Bruce WeddendorJ 
and Richard A. Cloyd of the Marshall Space 
Flight Center. Far further information, ac-
cess the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Mechanics categor'. 

Inquiries concerning rights for the commer-
cial use of this invention should be addressed 
to the Patent Counsel, Marshall Space Flight 
Center; (205) 544-0021. Refer to MJS-31 146. 

NASA Tech Briefs,Julv 1998	 www.nasatech.com	 65
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Substrate 

\ \ Bond 
Metal 

Conductive  
Layer ,.

Conductor 
Pit 

Electrically Flexible 
Insulating Membrane 
Layer- 

Bond 

Con:

Silicon 

Channel 

Membrane -..'________	 -. Membrane	 .	 '---- - 

Voltage Applied No Voltage Applied

Electrostatic Attraction would be used to pull the flexible membrane into, across, and along the chan-
nels: this would generate peristaltic waves in the membrane to pump a fluid along the channel. 

*Microscopic Heat Exchangers, Valves, 
Pumps, and Flowmeters 
Forced-flow heat-transfer systems would be made 
by micromachining. 
NASA 'S Jet Propulsion Laboratory, Pasadena, California 

Ii 

Webster's defines: 

innovation\ in'o-vä'shen 1: the 

introduction of something new 2: a 

new idea, method, or device... 

A few of Hardigg's Innovations: 

* The industry's first rotationally 

molded elastomeric rackmount cases 
*	 The first airtight/watertight 

rotationally molded transit cases 

• The first molded-in anti-shear hard-

ware protection devices 

* The first proprietary molded-in 

stainless steel metal inserts at 

hardware locations 

Let our innovations serve you: 
* Over 275 COTS Cases/many in 

stock for immediate delivery 

* Complete Mil-Spec, and custom 

design services 

* In-house Test Laboratory 

* Precision Water-Jet Foam Fabrica-

tion Department 

Hardigg Cases.. .Engineers of 
the Case Industry 

01i  

HARDIGG 
South Deerfield, MA 01373 USA 

1-800-542-7344 F: 413-665-8061 
1'2

Microscopic forced-flow heat-transfer 
systems containing heat exchangers, 
flow channels, electrostatically driven 
peristaltic pumps, and related compo-
nents have been proposed. These sys-
tems would be made largely of silicon, by 
use of micromachining processes similar 
or identical to those used to make inte-
grated circuits. These microscopic heat-

transfer systems could thus be made as 
integral parts of integrated circuits: For 
example, charge-coupled-device (CCD) 
imaging circuits in infrared cameras 
could be cooled very effectively by incor-
porating such systems to circulate cryo-
genic fluids within the CCD substrates. 

The figure illustrates a dual-cavity 
push-pull embodiment of an electro-
statically driven peristaltic pump. The 
pump channels would be etched into

silicon substrates, which are bonded 
together with an electrically conductive 
flexible membrane sandwiched between 
them. The channels would be lined with 
electrically conductive strips covered 
with electrically insulating material and 
separated from each other by electrical-
ly insulating barriers. By applying a suit-
able voltage between the membrane and 

the conductive strips of each channel 
in succession, one would cause the 
membrane to be electrostatically pulled 
into the channel at successive positions 
along the channel. Dual interlaced 
and interlocked shift registers enable 
alternate inversions of bit-stream se-
quences and multiple membrane "bub-
bles" that move down the channel, push-
ing entrapped fluid in front of each 
membrane "wall" and pulling the fluid 

I

For More Information Circle No. 422 	 www.nasatech.com	 NASA Tech Briefs,July 1998 



ND fasteners and products offer consister 
high quality, are domestically manufactured 
completely lot traceable and meet or exceed 
the performance requirements of the following 
specifications and slandards-

MlL.F18240*** NAS 1283 
MS 15981 

Jk

	

,-	 fflri)li:. 

S NO Jndwlwc NO Pail -h NO Pold,. ow NO xl'ic Ivii
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INDUSTRIES 

i i lij,	 ii	 Solutions For Fastening Technology' 
Corporate Offices and R&D Center 
e-mail: noinioWnainoustries.com


1893	 Tiny, Michigan 48084 USA . Phone: 248-362-1209 . Fax: 248-362-1730 

ND PeII.It® and ND Strip® 
ND Po)lr® a tough nylon plug inserted into a 
drilled hole) or ND Str i p® a rough bar of Nylon 
inserted into a milled slot) makes threaded 
fasteners self-locking and self-sealing while 
leaving them fully adjustable 

ND Pelllt® and ND Strip* are also available in 
Vespel 0 and KelF** and can be used in 
virtually any application at any temperature 
Ideal for military and commercial fasteners--
their compressibility, resiliency, and strengf I-

ailow repealed removals or adjustments. 

ND Patch® 
ND Patch* and 360	 f" 
Ring-Parch® 
processes make 
threaded 
fasteners of all sees 
and contiguratrorrr 

behind each membrane "wall." This 
pump architecture represents a true 
two-dimensional analog of a peristaltic 
mechanism that is valveless, impervious 
to gas-bubble entrapment, does not 
require priming, and is self purging. 
The device is a digital pump that may be 
single-stepped to function as a valve or, 
by counting the number of clocked bits, 
is a precision flowmeter. 

A heat exchanger consisting of micro-
machined channels in a thermally con-
ductive material would be designed to 
maximize heat-transfer surface area and 
to provide effective convective coupling 
of heat between the pumped fluid and 
the channel surfaces at the expected 
flow speeds. The use of microscopic 
channels would make it possible to 
achieve low conduction and convection 
losses, with consequent high thermal 
coupling and short characteristic times 
for decay of thermal transients. 

This work was done by Frank T Hartley 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, access 
the Technical Support Package (TSP) free 
on-line at www.nasateth.com under the Ma-
chinery/Automation category. 

This is the invention of a Caltech/JPL 
employee, and a patent application has been 
filed. Inquiries concerning license for its com-
mercial development may be addressed to the 
inventor: 

Frank Hartley 
JPL 
MS 125-177 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-3139 
Refer to NPO-1 9093, volume and number 

of this NASA Tech Briefs issue, and the 
page number

from a height to make it penetrate the 
ground to a suitable depth, then the 
mechanism would be activated to 
acquire the sample of soil through the 
side of the dart. The mechanism and 
dart would he built to withstand a 
ground-impact deceleration of as much 
as 30,000 times the acceleration of nor-
mal Earth gravity. The mechanism 
would be able to take a sample of rela-
tively hard, frozen soil at a temperature 
as low as —80 °C. Originally designed for 
use in remotely controlled exploration 
of Mars, the penetrator and mechanism 
might be adaptable to sampling soil in 

ND Industries has offered top quality self-
locking. sell-sealing processes and fasteners for 
military and commercial applications since 
1955 We can apply our OPL listed processes 
to your fasteners or supply you with 
pre-p rocessed fasteners

remote, cold, or otherwise hostile or 
inaccessible environments on Earth. 

The mechanism would include an 
auger with its axis perpendicular to that 
of the dart. During transport and im-
pact, the auger would remain stowed 
within the dart. During the sample-
acquisition process, the auger would be 
pushed out from the dart and turned, 
thereby boring a side hole and drawing 
soil into the dart for sampling. 

A brushless dc motor would be cou-
pled through a right-angle bevel-gear 
drive to a shaft for turning the auger. 
The auger would be free to slide axially 

ND Patch® is coirrylel' 
and fused to the fastesr 
requiring no curing time alter 
installation. Retains strength ai 
resiliency, even after repeated uses 

"....uhh Houston, 
we have a prob1em. 
This is no time to fall apart, 
use ND's NAS & MS Self-Locking Fasteners 

* Miniature 
Side-Bore 
Sample-Acquisition 
Mechanism 
This mechanism could 
withstand large deceleration 
and would function in 
extreme cold. 
NASA 'S Jet Propulsion Laboratory, 
Pasadena, California 

The figure illustrates various aspects 
of a proposed mechanism that would be 
mounted in an instrumented penetrator 
dart for use in acquiring a sample of soil. 
In operation, the dart would be dropped 
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along the shaft, but a square spline 
would constrain the auger to rotate with 
the shaft. The auger would he spring-
loaded toward extension, but prior to 
use, it would be restrained against exten-
sion by engagement between mating 
threads on the auger and an interior 
structural component of the dart. 

To prevent the flutes of the auger 
from ingesting soil before reaching the

desired depth, the openings to the flutes 
would be covered by a drill cap during 
transport and impact. During the first 
70 0 of rotation of the auger, the drill cap 
would not rotate; thus, the auger would 
rotate relative to the cap, bringing the 
openings to the flutes out from under 
the cap. Upon reaching 70°, the auger 
would engage the cap; thereafter the 
auger and cap would rotate together, so

that the openings to the flutes would 
remain exposed. 

This work was done by Tommaso P 
Rwellini and Christopher J. Voorhees of 
Callech for NASA's Jet Propulsion Lab-
oratory. For further information, access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Machin-
erv/Autornation category. 
NPO-20163 

Emergency-Shutoff Valves Would Be Triggered 
by Accelerations 
These valves could stop flows of liquids in earthquakes, explosions, and 
vehicular impacts. 
NASA sJet Propulsion Laboratory, Pasadena, California 

Automatic valves have been proposed 
for shutting off flows of liquids when 
abnormally large accelerations occur. 
These valves could be used, for example, 
to prevent outflows of flammable, valu-
able, or toxic liquids from pipelines that 
have been struck by vehicles or that have 
become involved in earthquakes or 
explosions. Actuation of the proposed 
valves would not depend on sources of 
electrical or fluid power, which would

likely he unavailable during the emer-
gencies in which the valves would be 
needed. Actuation would not even 
depend on pressurization of the liquids 
to be contained. Instead, the valves 
would operate similarly to spring-actuat-
ed rat traps, and like such traps, the 
valves could also be opened or closed 
manually. 

The shaft for opening and closing a 
typical proposed valve would be con-

nected to a lever, which would be spring-
loaded toward the closed position. The 
lever would he turned against the spring 
load to open the valve (see figure). At 
the fully open position, an approximate-
ly hemispherical tip on the lever would 
face a similar tip on a stationary cocking 
stop. An inertial triggering object (in a 
ball in the case illustrated) would be 
placed between the tips to keep the valve 
open. The ball would be held in place by 
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(atever "It" May Be.) 
"It" may be fast changes in pressure. Vibration. Or extreme temperature ranges. Whatever "it" may be, 
the sensor must work. 

At Watlow Gordon, we design our sensors for reliability in all types of hostile applications. 

We engineered the two-element exhaust gas temperature sensor to measure 
jet engine wear, power and fuel efficiency; each sensor junction rigorously tested for 
operation at temperatures from -54°C to 1105°C. 	 - - 

-	 -	
Or how about the rugged sensor construction requirc 

to handle the vibration and high temperatures of a 3000hp 
diesel engine, plus waterproofing to withstand hosedown.  

saw :\11 of this in an open pit mining environment. 

We offer fast prototyping. Our lab services are extensive, including metallurgical 

xamination, microhardness testing and SPC. And we produce our own wire for the 
IS09002 registered wire factory. 

When lives are at stake. When dollars could he lost. When the project must finish 

on time. You need the reliability of a Watlow Gordon sensor. Call us. We go to 
extremes in temperature sensing. 1-800-WATLOW2 (1-800-928-5692) 	

IWATLOW 
C

www.watlow.com 
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Can v'u 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 a few days you'll receive a 
Synrad SamplePak containing your 
marked samples, and a written 
Materials Evaluation from our 
Applications Facility.

spring force and associated friction. A 
sufficiently large acceleration would dis-
lodge the ball, allowing the spring to 
turn the lever and shaft to the closed 
position. The triggering sensitivity 
would vary inversely with the inertial 
force needed to overcome friction to 
slide the ball out from between the tips; 
this force would depend on the choice

of the materials, sizes, shapes, and sur-
face finishes of the ball and tips. 

This work was done by Andrew D. 
Morrison of Caltech for NASA's Jet Pro-
pulsion Laboratory. For further informa-
tion, access the Technical Support Package 
(TSP) free on-line at wwucnasateth.com 
under the Mechanics categor. 
NPO-201 14 

*Procedure for Designing Safe Robots 
Engineering compromises between performance and safety 
can be made systematically. 
John F Kennedy Space Center, Florida 

I —BOO—S'Y'P1*DI 

6500 Harbour Heights Parkway 
Mukilteo, Washington 98275 USA 
425.349.3500 tel 425.485.4882 fax 

E-mail: synrad@synrad.com 

www. syn rad - a m

A methodology for designing robots 
provides for satisfying both safety and 
performance requirements. Heretofore, 
most robot-design efforts have been 
focussed on maximizing performance, 
with only incidental regard for safety, 
under the assumption that humans and 
delicate equipment would be excluded 
from robot workspaces during robotic 
operations. The present methodology 
was developed out of recognition of: the 
need to ensure safety for humans while

realizing the potential ability of robots 
and humans working together to per-
form a broader spectrum of tasks than 
either can perform alone. 

The methodology is implemented by 
a formal design procedure in which 
quantitative evaluations are performed 
to effect compromises between the in-
evitably competing demands of perfor-
mance and safety. The procedure com-
prises five main steps and a number of 
sub-steps (see Figure 1). 
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power supplies, power filtering, 

EVANS
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communications, weapons systems, 
medical applications, auto auxiliary 

The Evans Capacitor Company
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P. 0. Box 14158 Hybrids are designed and manufactured 
East Providence, RI 02914-0158 by the Evans Capacitor Company, 
(401) 434-5600 Fax (401) 4346908 known for the Capattery®, the world's 
www.evanscap.com

leading electrochemical capacitor.

The first two steps, which can be 
simultaneous, are the determination of 
task requirements and the determi-
nation of safety requirements. "Task re-
quirements" as used here denotes such 
quantitative performance specifications 
as robot-tip velocities, robot payloads, 
robot position and force accuracies, and 
measures of robot dexterity. For a given 
application and task, minimum accept-
able values can be assigned to these 
specifications to quantify minimum ac-
ceptable performance. 

"Safety requirements" as used here 
denotes the set of all robot-performance 
measures that are related to safety in 
that they indicate degrees to which 
robots can harm humans. Such mea-
sures include robot static and impact 
contact force, robot static and impact 
vise or pinch forces, robot static and 
impact contact forces, and crushing 
forces from robot weights. For a given 
application and task, maximum allow-
able values can be assigned to these mea-
sures to specify safety limits. 

The next step is the selection of the 
top-level robot design. More specifically, 
this means the selection of the kinemat-
ics, range of motion, and geometry of a 
robot to accomplish the task as specified 
in the first step. 

In the following step, one determines 
measures of the speed and strength of 
the robot on the basis of the top-level 
robot design and the safety require-
ments. This step is divided into the fol-
lowing four substeps: 
1. Develop mathematical models of 

robot forces, velocities, and energies 
to relate design parameters to safety 
and performance variables. 

2. Using the models developed in sub-
step 1, make a safety diagram, which is 
a plot showing the boundary (denot-
ed the "safety envelope") between safe 
and unsafe values of two or more safe-
ty-related performance measures. 
Also plot the boundary (denoted the 
"task envelope") of the task require-
ments for these performance mea-
sures on the safety diagram (see 
Figure 2). 

3. Select target performance specifica-
tions (e.g., a value of tip velocity and a 
value of payload weight) that lie with-
in the intersection of the safety and 
task envelopes. 

4. Select the joint torques and velocities 
needed to achieve the target perfbr-
mance specifications and design the 
robot joints and actuators accordingly. 
The last step is the application of 

guidelines for safe design. Six guidelines 
have been formulated through analysis 
of those safety and task specifications 
that are mutually independent (or at

Determine Task	 Determine Safety 
Requirements	 Requirements 

Select Top-Level 
Robot Design 

4, 
Determine Robot Speed and Strength 

1 

4 
Apply Guidelines for Safe Design 

Figure 1. This Five-Step Procedure implements 
the methodology for designing safe robots.

least nearly so) . Each guideline repre-
sents a strategy for independently opti-
mizing some aspect of either safety or 
performance. 

The guidelines are the following: 
1. Maximize robot accuracy, 
2. Maximize robot dexterity. 
3. Minimize robot weight. 
4. Eliminate pinch points and maximize 

potential vise radii. 
5. Maximize robot contact area. 
6. Maximize robot padding thickness. 
These guidelines, if followed during the 
design process, can help ensure a high-
performance, safe robot design. 

(Coit tin u id on n i/ 
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Figure 2. This Safety Diagram with superimposed task envelope for a typical robot illustrates the 
margin available for designing to satisfy both safety and performance requirements. The intersection 
of the design and safety envelopes represents the ranges of tip-velocity and payload values of accept-
able designs. 

This work was done by Karl T lunch, 
Timothy D. Tuttle, Joseph P Donoghue, and 
William T Townsend of Barrett Technology, 
Inc., for Kennedy Space Center. For 
further information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Machin-
ery/Automation category. 

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

IeH. IeiHii	 [1?HH

for its commercial use should be ad-
dressed to 

William T Townsend 
Barrett Technology, Inc. 
139 Main Street 
Kendall Square 
Cambridge, iVL4 02142 
(617) 252-9000 

Refer to KSC-11849, volume and number of 
this NASA Tech Briefs issue, and the page 
If If 1II1IL 

. o Automatic Thermal Switches With 
No Moving Parts 
The conductances of novel gas-gap thermal switches would 
increase with temperature. 
.V1 SA 'S Jet Propulsion Laboratory, Pasadena, California 

(.)uasi-thermostatic gas-gap thermal 
switches have been proposed. These 
switches would operate automatically, 
would contain no moving parts, would 
not require power supplies or controls, 
would not consume any materials, and 
would not create vibrations. The opera-
tion of a switch of this type would be 
bied on the increase, with tempera-
tui e, in the vapor pressure of a conden-
il)lC fluid in a gap; the effective thermal 
onductance across the gap would 

increase with vapor pressure and thus 
with temperature. The design of the gap 
and the fluid would be chosen so that 
In thermal conductance across the gap 
wiild increase sharply with tempera-
we in the desired switching tempera-
tIle range. 

In the original intended application, 
a thermal switch of this type would pro-

vide a thermal connection for backup 
radiative cooling of an infrared detector 
to a temperature of about 150 K in the 
event of failure of a refrigerator that 
would ordinarily provide cooling to 65 
K (see figure). The fluid chosen for this 
application is carbon dioxide, which 
would condense in solid form on the 
infrared-detector side of the gap during 
normal operation at 65 K. Because the 
vapor pressure of carbon dioxide is only 
10 14 torr (=012 Pa) at 65 K, the effec-
tive thermal conductance across the gap 
during normal operation would be neg-
ligible; that is, the radiator could be 
regarded as thermally disconnected 
from the infrared detector. 

In the event of failure of the refriger-
ator, the temperature of the infrared 
detector would rise toward 150 K, caus-
ing some of the carbon dioxide to 

NN %\I% ll.I',,tt(( ll.
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intended normal operating temperature of 65 K. At a higher temperature (150 K), the gap would be 
filled with carbon dioxide, rendering the gap thermally conductive, so that the infrared detector 
would be cooled by the radiator. 
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vaporize and fill the gap. At 150 K, the 
vapor pressure of carbon dioxide is 2.4 
torr (320 Pa), and the effective thermal 
conductance across the gap would be 
about the same as though the carbon

dioxide were at full atmospheric pres-
sure and temperature. This level of ther-
mal conductance would provide an 
effective thermal connection between 
the infrared detector and the radiator.

Upon resumption of normal opera-
tion, the vapor pressure of the carbon 
dioxide would decrease along with the 
temperature. At an intermediate tem-
perature of 125 K, the vapor pressure of 
carbon dioxide is 1.5 x 102 torr (about 
2 Pa), and the resulting effective ther-
mal conductance across the gap would 
be of the order of 10_2 times that at 150 
K, thus, the infrared detector would be 
effectively thermally disconnected from 
the radiator and could therefore be 
cooled more effectively by the refrigera-
tor to the desired operating tempera-
ture of 65 K. 

Gas-gap thermal switches based on 
the same principle could be designed 
for other temperature ranges, using 
other fluids. For example, water vapor 
could be used as the gap fluid for 
switching between active and passive 
means for cooling habitable spaces. For 
another example, mercury could be 
used as the gap fluid for switching at a 
temperature of about 450 K. 

This work was done by Jack Jones and 
Dean Johnson of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package 
(TSP) free on-line at wurasnasatech.com un-
der the Physical Sciences category. 
NPO-1 9545 
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*Lightweight "Beach-Bail" Robotic Vehicles 
These rovers could be driven by wind and/or internal electric power. 

ments across rocky terrain on Mars, and 
are intended to move faster, weigh less, 
and consume less power than do the 
wheeled robotic vehicles that have been 
used in planetary exploration until 
now. Given their resemblance to beach 
balls in both appearance and function, 
these rovers have obvious potential for 
adaptation to terrestrial use, especially 
as toys. 

One previous "beach-ball" rover con-
cept was that of an uncontrolled rover 
little different from an ordinary beach 
ball. Another previous concept was that 
of a spherical balloonlike shell, within 
which motor-driven weights would be 
moved along internal diametral tethers 
to shift the center of gravity to make the 
shell roll [this concept was described in 
"Beach-Ball' Robotic Rovers" (NPO-
19272), NASA Tech Briefs, Vol. 19, No. 
11, (November 1995), page 83.] 

The present concept differs from 
both previous concepts, though it 
incorporates some elements of both. 
The present concept encompasses both 
single- and double-ball rovers (see 
Figure 1). A single-ball rover would 
contain a diametral rod that would 
serve as an axle. A payload-and-motor-
drive assembly could move itself along 
or across the axle. To enable the ball to 
roll freely in the wind, the payload mass 
would be centered in the ball. To stop 
or prevent rolling, the payload mass 
would be shifted away from the center, 
either along or across the axle. With 
the payload mass hanging down from 
the axle, another motor drive at one 
end of the axle could exert torque on 
the ball to make the ball roll in the 
absence of wind. Steering could be 
effected by moving the payload left or 
right along the axle during rolling or 
driving. 

In a double-ball rover, the balls would 
be connected by an external axle 
collinear with their internal axles. 
The payload-and-motor-drive assembly 
would be mounted on the external 
axle. Both balls would be equipped with 
independent end-of-axle motor drives 
similar to those of a single-ball rover, 
for driving or steering. The double-ball 
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TECHNO 2100 
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VentureStar one of the most exciting new 

developments in space technology. 

VentureStar is the result of a collaboration 

between government and private industry. 

It's a quantum leap forward in space trans-

portation, and its engineers say they believe 

it will be the Launch to the Future. 

VentureStar is a revolutionary new space 

transportation system. Currently, engineers 

and designers are working to perfect its 

prototype, the X-33. The X-33 is a half-scale 

"technology demonstrator" that is slated for 

first flight by next summer. The technology 

and the team of employees that are making 

this ambitious project a reality, will be 
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2100: The Cutting Edge Technology Report. 

"Vent ureStar: Launch to the future" will 

chronicle the development of the X-33, 

and explain how its success is crucial to the 

ultimate success of the VentureStor' project. 

This 30-minute program will be co-hosted 

by Jerry Rising, Reusable Launch Vehicle 

Program Director and aeon Lacefleld, 

Program Manager for the X-33 project, both 

of Lockheed Martin, and Gene Austin and 

Dan Dunbocher of NASA. Also featured is 

commentary by Carol Lane, Director of 

Business Development for the X-33/ 

Reusable Launch Vehicle (RLV) and Rod 

Cusic, RLV Business Manager. Together, this 

team of experts will explain the crucial 

elements of making both the X-33 and the 

VentureStor a success, and what that success 

might mean to the general public as well as 

the business community. 

TECHNO 2100: VentureStar' Launch to the Future 

is produced by the multi-award winning 

Information Television Network, and is 

underwritten by the X-33 Team: 

Lockheed Martin, Boeing Rocketdyne Division, 

AlliedSignal Aerospace, Sverdrup and 

BF Goodrich Aerospace. 
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DOUBLE-BALL ROVER
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D,,,,,tj,,, ..,,I,;,,,.	 = 1.5 m 

FRONT VIEW OF PAYLOAD HANGING DOWN 

FOR STOPPING OR DRIVING 

;.--

C "" 
-

Figure 2. A Working Three-Wheeled Inflatable Rover with an upper simulated photovolteics sphrre 
has been enlarged fourfold to show anticipated size for a lightweight Mars rover. 
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FOR STOPPING OR DRIVING 

Typical Masses in Kilograms 

Spherical Shell (Balloon) 1.5 
Axle and Motor Drives 	 1.0 
Payload	 2.5 
TOTAL	 5.0 

rover could roll with the wind or move 
under its own power, similarly to a sin-
gle-ball rover. In addition, the external 
payload mass could be extended far 
from the external axle to obtain addi-
tional torque to climb a rock or a steep 
slope. A variation of this design has 
been fabricated and tested with the 
extendable arm connected to a "slave"

SIDE VIEW OF PAYLOAD MASS EXTENDED

FAR FROM AXLE FOR MOVING UP


OR INSPECTING A SLOPE 

Typical Masses in Kilograms 

Spherical Shells (Balloon) 0.75 x 2 = 1.5 
Axle and Motor Drives 	 0.10 x 2 = 0.2 
Structures	 0.8 
Payload	 2.5 
TOTAL	 5.0 

wheel that is pulled behind the two 
drive wheels (see Figure 2). 

This work was done ly Jack Jones and 
Andre Yavrouian of Caltech for NASA's Jet 
Propulsion Laboratory. For furl her infor-
mation, access the Technical Support Pack-
age (TSP) free on-line at www.nasatech.com 
under the Machinery/Automation category. 
NPO-20283 

Figure 1. These "Beach-Ball" Rovers would weigh less, travel faster, and consume less power than do 
older wheeled robotic exploratory vehicles. 
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velocities were measured by a laser anemometer. 

Laser Anemometer Measures Flow in a Centrifugal Compressor 
High-resolution data are representative of flows in practical centrifugal compressors. 
Lewis Research Center, Cleveland, Ohio

Detailed measurements of complex 
flow fields within the NASA Low Speed 
Centrifugal Compressor (LSCC) have 
been acquired. The measurement data 
provide insight into the fundamental 
physics of flow in centrifugal compres-
sors, and can be used to assess computa-
tional fluid dynamics codes and to 
develop flow-physics models. The resul-
tant benefit is better predictive compu-
tational tools and shorter design cycle 
times. 

Centrifugal compressors are widely 
used in auxiliary power-unit turbocharg-
ers, small gas turbine engines, gas-pro-
cessing plants, and other applications. 
However, in comparison with their axial-
flow counterparts, centrifugal compres-
sors have generally been investigated in 
less detail. 

The LSCC was designed to be repre-
sentative of conventional high-speed 
subsonic compressors typically em-
ployed in small gas turbine engines. 
However, the measurements were 
acquired in the LSCC at low subsonic 
speeds, where the flowing air behaves as 
though it were essentially incompress-
ible. As such, the measurements are rea-
sonably representative of what would be 
found in many centrifugal pumps. The 
measurement data can therefore be 
used to validate any aerodynamical com-
puter code that is applicable to centrifu-
gal pumps. 

The large size and low speed of the 
LSCC enable the detailed measurement, 
by use of a laser anemometer, of all 
three components of velocity within pas,- 
sages between rotor blades, with a spatial 
resolution unparalleled in investigations 
of high-speed compressors. For exam-
ple, three-dimensional viscous flows that 
occur very near the surfaces of blades 
were measured in detail. Complemen-
tary measurements of static pressures on 
blade and shroud surfaces, pressure 
measurements by pneumatic probes at 
various positions across inlet and exit 
surfaces were acquired, and flow-visual-
ization tracings were also acquired. 
Collectively, the results of the experi-
ments in the LSCC constitute a bench-
mark set of high-quality data for assess-
ing the predictive capabilities of state-of-
the-art three-dimensional viscous-flow 
computer codes. 

Figure 1 illustrates the LSCC impeller 
and the locations of laser-anemometer 
measurements. The upper part of 
Figure 2 shows results of velocity mea-

Lewis Research Center and Michael D. 
Hathaway of the U. S. Army Research 
Laboratory. For further information, access 
the Technical Support Package (TSP) free 
on-line at wwucnasatech.com under the 
Machinery/Automation category. 

Inquiries concerning rights for the commer-
cial use of this invention should be addressed 
to NASA Lewis Research Center Commercial 
Technology Office, Attn: Tech Brief Patent 
Status, Mail Stop 7-3, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-1641 7.
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PLOTS OF SECONDARY VELOCITY

VECTORS AT 64% MERIDIONAL CHORD 

surements taken at the 64-percent 
meridional chord position, indicating 
the extent of the through-flow-velocity 
deficit characteristic of centrifugal-com-
pressor flow fields. The lower part of 
Figure 2 illustrates the nature of sec-
ondary flow measurements at the same 
location, along with some details that 
demonstrate the resolution of measure-
ments acquired in viscous -flow regions 
near blade surfaces. 

This work was done by Randall M. Chriss, 
Anthony]. Strazisar and Jerry R. Wood of 

0.60 

L0.45 

f0.30 

7	 Through Flow Velocity 

0.15 Impeller Tip Speed 

SS PS 
11.0.00 

ud 

WIRE-FRAME PLOT OF RELATIVE MAGNITUDE
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Figure 2. Selected Results of Velocity Measurements illustrate the general nature of the data 
acquired. 'PS" and "SS" denote the pressure and suction surface, respectively, of a rotor blade. For 
clarity, different vector scales are used in the main and detail plots of velocity vectors, and the pitch-
wise spatial resolution of the main plot is 1/3 that of the detail plots. 
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IS: Challenges & Opportunities 

T
he International Space Station 
(ISS) is the largest cooperative 

scientific project in histor y, combin-
ing resources and technological 
input from lb nations - the United 
States, Canada, Japan. Russia. Italy, 
Denmark, Norway. Belgium. the 
Netherlands, France, Spain, Ger- 
many, Sweden, Switzerland, the UK, 
and Brazil. ISS was conceived by 
NASA almost 30 years ago as 'the 
next logical step' to follow the Apollo 
program. The station became a for-
mal NASA project in 1984, when Pres-
ident Reagan officially established 
the goal of developing a permanently 
inhabited outpost in space. Canada, 
Europe, and Japan accepted invita-

tions to join the U.S. in what was mi-
tiallv called "Space Station Freedom." 

By 1993, budget constraints and con-
cern about whether the program could 
meet key deadlines prompted the Clin-
ton Administration and NASA Admin-
istrator Daniel S. Goldin to call for a re-
design of the space station. The 
"Cr ystal Cit" redesign project devel-
oped three options for a space-station 
program. The first - or "Alpha" - op-
tion was chosen, and remains the basis 
for the project now of ficiallv known its 
"International Space Station Alpha." 

The Alpha option required using as 
much of the original "Freedom" hard-
ware and systems as possible, and 
about 75 percent of these designs will

he incorporated into the ISS. The plan 
also called for the continued involve-
ment of all international partners and 
for designs to he implemented within 
strict budget constraints. During the 
Crystal City redesign, the developing 
relationship between the U.S. and the 
newly formed Russian Republic had a 
major impact on the ISS. 

Bajond Mir 

A major goal of the Administration
was to involve Russian scientists and 
engineers in constructive activities, to 
help curb further transfer of missile 
and nuclear technology . The scope of 
the 1992 Human Space Flight agree-
ment was expanded to include long-
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470 tons. It will operate at an av-
erage altitude of 220 miles, supporting 
up to seven crew members in an Earth-
like atmosphere. 

Construction of the ISS will be the 
most complex activity ever conducted 
in orbit, posing enormous technolog-
ical and logistic challenges. The en-
tire station will he assembled "on the 
fly " without the advantages of ground 
assembly and checkout. During com-
plex extravehicular activities (EVAs), 
astronauts and cosmonauts will join 
the separate components into a sin-
gle, orbiting laboratory with crew 
quarters, solar arrays, a rescue vehi-
cle, and life-support systems. 

NASA estimates that the ISS assem-
bly will cost $17.4 billion, and station 
operations from 2003 to 2012 are ex-
pected to cost another $13 billion. 
But NASA and the other participants 
have great hopes that the benefits of 
ISS will far exceed these costs. The 
project's mission is to create a space-
based science institute capable of 
supporting long-term research in ma-
terials and life sciences areas in a 
nearly gravity-free environment; to 
conduct medical research in space; 
and to accelerate breakthroughs in 
technology and engineering that will 
have immediate, practical applica-

tions for Ide on Earth. Testing of life-
support systems and other technolo-
gies aboard the ISS may also serve as 
"rehearsals" for future lunar and 
Mars habitation - NASA has tenta-
tivel y marked the launch of a human 
expedition to Mars for 2014. 

In a recent visit to NASA's Johnson 
Space Center in Houston, President 
Clinton expressed his hopes for ISS: 
"Seven Americans have lived aboard 
the Russian Space Station Mir. The 
last six for 25 consecutive months, 
working with Russia and 14 other na-
tions. Soon the International Space 
Station will be launched - the size of 
a football field - so large it will actu-
ally be visible to the naked eye here 
on Earth. Yes, it was a fight for a while 
and there were those who thought we 
should abandon it, but we did not, 
and 10 or 20 years from now, people 
will wonder why we ever even consid-
ered (abandoning it) because we will 
all, before long, be thanking our 
lucky stars that we had the vision to 
work with people from around the 
world to set up the International 
Space Station. From it we will explore 
vast new frontiers, chart unexplored 
seas, reach a little deeper into the 
vast final frontier." 

term flight of U.S. astronauts	
000 10 

 
aboard the Russian Mir Space 
Station, flight of Russian 
cosmonauts aboard 
NASA's Space 
Shuttle, Shut- 

h1 

missions,  
joint science  
program.	 - 

In September 1993, 
the first meeting of the 	 - 
U.S.-Russian Joint 
Commission on Eco-
nomic and Technologi-
cal Cooperation took 
place. The Commission 
issued a statement call-
ing for further cooperation in human 
space flight between the U.S. and 
Russia. The resulting Program Imple-
mentation Plan (PIP) incorporated 
Russia into the ISS program and di-
vided the project into three phases. 

To promote mutual understanding 
of each nations technology, design, 
development, testing procedures, 
and operational experience, Phase 
One expanded on the U.S.-Russian 
activities named in the 1992 agree-
ment. Terms included building a 
cadre of astronauts and support staff 
trained in long-term space flight and 
the demonstration and testing of ISS 
technology. Phases Two and Three 
culminate in the assembly and de-
ployment of the ISS, involving the 
U.S., current international partners, 
and Russia. 

As this issue goes to press, Phase 
One is coming to a close and Phase 
Two is on hold. On June 8, NASA's 
Space Shuttle Discovery retrieved An-
drew Thomas, the final U.S. astro-
naut to serve aboard Mir. Not long 
after Thomas returned to Earth. Rus-
sia was to have launched the first ISS 
component: the Control Module. 
The second ISS component was 
scheduled for launch this month. But 
construction delays in the Russian-
provided Service Module, scheduled 
for the third ISS launch, have 
compromised these deadlines. On 
May 31, representatives of the ISS na-
tions agreed to reschedule the initial 
ISS launch for November 1998 and to 
revise target dates for the remaining 
43 assembly flights. So far, comple-
tion of ISS is running only a month 
later than the original plan, with the 
final assembly launch now targeted
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Boeing uses the powerful master modet technology of Unlgraphlce In 

providing five essential truss segments, several main pressurized elements 

and critical systems such as guidance and control for the international Space 

Station. First-time fit and the replacement of physical mockups are among the 

many advantages being realized on this global, multi-company project.

Vie	 e me s-i	 BLR 

it. 
Demanding customer requirements, 
market conditions-and-profitabil4ty. - 
targets make the "design anywhere-
build anywhere" capability vital to 
aerospace OEMs and their suppliers. 
Unigraphics Solutions directly 
supports this initiative with the right 
elements for your success. 

Unigraphics is the #1 MCAD system 
for large, complex product develop-
ment programs. Solid Edge provides 
the easiest-to-use and fastest-to-
implement native Windows solid 
modeling system. Parasolid offers 
the emerging industry standard for 
building solid modeling applications 
and features a seamless digital 
pipeline capability for 3-D data 
exchange. And IMAN offers leading-
edge distributed PDM with the tightest 
integration to CAD/CAM/CAE. 

Unigraphics Solutions' proven 
aerospace expertise is backed by: 

• More than 10,000 seats in the US 
• 90 percent penetration of the 

Russian aviation business 
• 80 percent share of the North 

American gas turbine market 
• Global customers including 

Boeing, GE Aircraft Engines, 
Pratt & Whitney, British Aerospace, 
Israel Aircraft Industries, Northrop 
Grumman, Martin-Baker and Bell 
Helicopter 

Unigraphics Solutions is one of the 
fastest growing mechanical CAD 
companies in the world. It is the only 
company offering true Windows 
compliance and high-end functionality 
on the same modeling kernel. And 
its solutions-are scalable, so you 
can buy or lease what you need, 
when you need it and at the most 
affordable price. 

Design and build anywhere in the. 
world using the best tools available for 
aerospace design and manufacturing. 
For more information on Unigraphics 
Solutions, call (800) 498-5351 or visit: 

www.ugsolutions.com 

#1101 197A 	
SDI,hi011S 

Lightning in a Bottle 

Unigraphecs Solutions, Parasolid, Solid Edge, Unigraphics 
and IMAN are trademarks or registered trademarks of 
Unigraphics Solutions Inc. All other trademarks or registered 
trademarks belong to their respective holders. Copyright 
©1998 Unigraphics Solutions, Al) rights reserved.



The Technology of Space Station. 

Putting It All Together 
The International Space Station (155) is taking shape in factories and laboratories in 16 nations 

around the world. The U.S. alone has a development budget of $17.4 billion: partner nations collec-
tively will add more than $10 billion to the U.S. contribution, the majority of which comes from a $7 
billion contract with the Boeing Corp.. NASA's integrated prime contractor for 155. Commercially 
available products have been - and continue to be - used in the design and manufacture of 155 
components and systems. Some of the companies supplying those products are profiled here. 

The PERForceTM (Programmable 
Environment Reality through Force) ro-
botic force-reflecting handcontroller 
from Cvbernet Systems Corp. provides a 
sense of touch or "feel" for operators of 
robots and other manipulated objects, 
enhancing the efficiency of robotic op-
erations that require manipulation and 
control of objects in multHlimensional 
space. The handcontroller originally 
was designed for use on the Space Sta-
tion, and was developed through a 
Small Business Innovation Research 
(SBIR) contract from NASA's Johnson 
Space Center. 

The backdriveable robot moves in 
six degrees of freedom: three linear 
positions (x. V. 01 i). amid tlttec atti-

tudes (]()]I, pitch and yaw). An opera- 
tor uses the motorized handle to pre-
cisely position robots or graphically 
displayed objects to a given location 
and tool angle. The "feeling of the 
objects isachieved through a host 
computer or robotic control system 
that reads the hall dcontroller's joint 
position, velocity, and force through 
interlace ports. 	 force feedback" is

generated on each axis, using six small 
brushless DC servo motors. 

The handcon troller was designed for 
Space Station areas where visibility is 
limited, or in areas with obstructions or 
low light. 

(ybernel Ss1ems Gotp., 1919 Green R4., 
Suite B 101, Ann Arbot MI 48105. Tel: 
313-668-2567 

Brush PPti: 
Compon€nt. 

Over a period of about one year, 
more than 300 areas on various par-
tiallv assembled components of the In-
ternational Space Station were electro-
plated in-place at Marshall Space 
Flight Center using a portable plating 
process called Brush Plating from 
SIFCO Selective Plating. The process 
has been used since 1959 to apply en-
gineered deposits and coatings onto 
l( )(alized areas of components used in 
it broad range of industries, including 
aircraft and aerospace. 

The nature of the Space Station job 
cut itself to brush plating. A precise 
thickness of a deposit was needed on a 
localized area of a ver y large part. As-
totting that a stntable tank was avail-

aI>!(', handling a component the size of 
of the modules of the Space Station 

a old he no easy task. The complexity 
:1 the masking involved would be too 

tilttc-consunting, and the risk of cata-
strophic damage that could result from 
ltiiltv masking would be high. Brush 
plating allowed the process to be 
brought to the part, so that with mini-
mal masking to isolate the area to be 
plated and to control the runoff- of so-
lution, a high-quality controlled-thick-
ness deposit could be applied to a local-
ized area. 

Plating began in August 1995. SIFCO 
was responsible for plating on both 
structural test articles and flight articles 
that included the STA Node, the STA 
Common Module, Node 1, the Lab, 
and an airlock. The plated areas typi-
cally were hull penetrations that accom-

modate electrical connectors and feed 
through for various fluid or gas lines. 
Ventilation ducting such as d-holes, util-
ity collars, and IMV flanges, as well as 
grounding strap contacts, were brush 
plated. Many of the hull penetrations 
such as the IMV ports had complex 
geometries with multiple areas that re-
quired precise, uniform thicknesses of 
nickel plating on both sides of the skin. 

SIFCO .Selecth'e Plating, 5708 Schaaf 
Rd.. Cleveland, OH 44131; Tel: 216-
524-0099; Fax: 216-524-6331; www. 
brush/dating, corn 

SpacE Viion SçjstEm 
Space provides few visual cues to 

gauge depth, distance, or speed, and 
light levels range from blinding sunlight 
to pitch black. Under these conditions, 
astronauts must still he able to perform 
delicate operations such as launching 
satellites or clocking the Space Shuttle. 
The Advanced Space Vision System 
(ASVS) from Neptec Design Group 
turns the shuttle cabin into a room with 
a view, providing astronauts with exact 
location, orientation, and motion infor-
mnation through a computer-generated 
view of the payload and any important 
reference points. 

NASA has made the ASVS one of the 
baseline components for on-orbit as-
sembly of the Space Station. The ASVS 
shows mission specialists what an ob-
ject looks like from an ideal location. 
Used with the Canadarm, the system 
serves as a precision guidance system. 
The system has been used in a number 

- 
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Products and the knowledge to apply them. Save yourself a lot 

of paperwork, time and aggravation. Get all your sensors and support from the world's 

largest sensor supplier: Omron. Our sales and application engineers have the experience 

to help you find the right sensor for all your detection problems. See what we can do for you. 

Contact us by phone (800-55-OMRON), fax (847-843-7787), e-mail (omroninfo@omron.com ), 

web site (www.omron.com/oei)  or, for immediate specifications, ControlFax (847-843-1963). 

You'll discover that nobody can beat our quality or support. 

PHOTOELECTRIC SENSORS • PROXIMITY SENSORS 

MEASUREMENT SENSORS • LIMIT SWITCHES 

SAFETY SWITCHES • MACHINE VISION SYSTEMS 

RADIO FREQUENCY ID SYSTEMS • ROTARY ENCODERS 

omRon, 

Giving you every advantage. 
For More Information Circle No. 546
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PC-Based 
Temperature 
Measurement 

11 

Features 
• Measures thermocouples, 

RTDs, and thermistors 	 - 
• Precision temperature 

measurements 
- Six to 14 thermocouples - 
- ±0.42° C i-type accuracy 
- Auto-zeroing circuitry 
- Cold-junction compensation I- 
- Open-thermocouple 

detection	 10 
• Up to 60 readings/s 
• Built-in filtering 
• Digital I/O for alarming 
• Up to ±15 V input 
• For PCMCIA, USB, 

andiSA

Software 
• VirtuaIBench-Logger 

ready-to-run software 
• Windows NT/95 drivers 
• Application software, 

including LabVIEW5, 
LabWindowsyCVl, 
ComponentWorks' 
BridgeVIEW", and 
Lookout" 

Call today for your 
FREE copy of 
DAQ Designer- 98 
and temperature 
app notes 
(800) 327-9894 
U.S. sSd Cas.dS 

www.natinst.com/daq/ 

7 NATIONAL I INSTRUMENTS r	 The Soft srore o the' Jn.,#umenl 

U.S. Corporate Headquarters 
6504 Bridge Point Parkway 
Austin, Texas 78730-5039 
Tel: (512) 794-0100 
Fax: (512) 794-8411 
info@natinst.com/daq/ 
-U.S. pricing only 

o iei *48UOnW Instwnamts Co,wason All ngflls 
reserved PmdC and temper,, names s,e ,,ederva,ks 
° trade names of thp,, espetrive cempartes 

For More Information Circle No. 434

of shuttle missions that began in 1992. 
Once the shuttle is in orbit, ASVS 

uses one or more of the shuttle's exter-
nal cameras as sensors to monitor a 
pattern of target dots on the payload. 
The targets are acquired, or locked-
onto, by the system. The calculated po-
sition, onentation, and rate data is syn-
thesized into a real-time, computer-
generated display. Video signals from 
the exterior-mounted shuttle cameras 
are passed to the ASVS, where it deter-
mines the position and orientation in-
formation of the payload. ASVS then 
feeds video signals directly to the shut-
tle's video system. Displays appear on 
the shuttle's monitors. 

Nepter Design Group, 175 Terence 
Matthezi't Crescent, Ka nato, Ontario, 
Canada K2M IWB; Tel: 613-591-0931. 

T€sting and 
Validating 

u b i,j t€rn 
Two System 500 Model 55-based test 

and integration systems from I.-3 Com-
munications Telemetry & Instrumen-
tation are being used by subsystem in-
tegrators of the Space Station as part of 
a $1.9 million contract with Boeing. 
The test systems each consist of three 
commercial-off-the-shelf (COTS) Mod-
el 550 chassis, which are used to simul-
taneously monitor, correlate, and 
record up to 44 MlI,-STD-1553 buses 
in real time. The processing capability 
is vital to establish baselines for valida-
tion and integration of the Space Sta-
tion's complex subsystems. 

Data from the test stations is distrib-
uted to multiple engineering groups 
throughout the Space Station complex 
in Huntsville, AL. The groups monitor 
real-time data as tests are conducted, 
and analyze recoided data to vei-ifr 
subsystem performance. Test data is 
rerouted over the facilitvs high-speed 
lOOBaseT network so these groups si-
multaneously can access whatever live 
or i-ecordecl data they require. 

Beyond the standard bus testing ca-
pabilities , the test stations support a va-
riety of communications protocols 
unique to the Space Station. Special-
ized protocols such as boxcar, packet, 
and CCSDS protocols are required to 
accommodate the complex data bus 
architecture used by the Space Station. 

Customers building and integrating 
subsystems for scientific experiments 
on the Space Station also can use the 
test stations, since those subsystems 

www.nasatech.com

need to he compatible with the sta-
tion's existing subsystems, and must be 
similarly tested and validated. 

L-3 Communications Telemetry & In-
strumentation, 15378 Avenue of Science, 
San Diego, CA 92128-3407; Tel: 619-674-
5100; Fax: 619-674-5145. 

FEA Softwar'€ for 
Compon€nt DESign 

Bergaila Engineering Services of 
Houston, TX, is designing compo-
nents for the Space Station and its 
testing module using Supei-draw III fi-
nite element analysis (FEA) software 
from Algoi-. 

In January 1999, a crew of three is 
scheduled to begin living aboard the 
station. TO train astronauts for maneu-
vers in space, a module is being con-
structed for the Neutral Buoyancy Lab.--
oratory in Clear Lake, TX. The lab is a 
large pool that measures 102 feet wide, 
by 202 feet long, by 40 feet deep. Mod-
ules are submerged in the pool, and as-
tronauts practice maneuvers that will 
take place outside the Space Station. 
The components must be strong 
enough to withstand the stress of sup-
port systems in and out of the pool, as 
well as the lifting svstc'm and buoyancy. 

Bergaila engineers built a 37,000-
plate/shell element model of the 7-A 
airlock, from which trainees emerge 
into the water. The model was based 
on the Space Station design using the 
FEA software. Based on the analysis re-
stilts, it was determined that the lift 
configuration used to move the mod-
tile in and out of the pool should he 
changed to lower stress levels and de-
flection. 

Bergaila also worked with Super-
draw III III to design and analyze a poten-
tial flight hardware component for the 
Space Station - the aluminum Re-sup-
ply Storage Platfoi-m (RSP). The plat-
form had to weigh less than 150 
pounds and support up to 500 pounds 
of equipment. 

A combined beam and plate/shell 
model of the RSP was designed with

-

- 

NASA Tech Brieti, July 1998 

70 

I-
60 

[30 

20 

IF DAO 



You Know... 

Spectrum Astro!! 

Spectrum Astro is pleased to announce the 
opening of its East Coast Office, located just one 
mile from Dulles Airport, in Virginia's Center for 
Innovative Technology (CIT). Of course, 

where else would we be? 

As the leader in the application of 
innovative business approaches and 

_LL	 technologies to space system 
solutions, we're feeling right at 

home in the CIT building. In 
'	 .	 addition to our 8,000 square 

1•	 N	 feet of engineering space, 
the complex includes ultra 
modern auditorium space, 

* meeting rooms, and 
I	 state-of-the-art video 

, conferencing capabilities 
for maximum customer 
support. 

4	

51 
SPECTRUMASTRO 

Qi 

1440 N. Fiesta Boulevard Gilbert, Arizona 85233 USA 

•1.	 phone 602.892.8200 fax 602.892.2949 

Contact Howard Parks, Director of Program Development



The Technology of Space Station* 

the software. For each design, a series of 
20 linear stress and vibration analyses 
were conducted. Dozens of design vari
ations were analyzed to determine the 
best three or four designs. Linear dy-
namic response analyses on other exist-
ing flight hardware components also 
were performed. The results of those 
analyses helped engineers determine 
the net effects of launch- and crew-in-
duced vibrations. 

Algo'; 150 Beta Drive, Pittsburgh, P4 
15238-2932; 7el: 412-967-2700;Fax: 412-
967-2781; www.algoi; corn 

AntEr-	 -oVd-o 
Atrs 
Corr	 'tion 

A two-loot-long loop design antenna, 
called an Orlan antenna, was developed 
by the Georgia Tech Research Institute 
(GTRI) !br use on the Space Station. It 
is being developed for the crew lock, a 
cramped cylindrical air lock that can 
hold two space-suited astronauts, Be-
cause of its positioning, the sensitive an-

tenna must survive hashing b y space 
packs, huge temperature swings, and 
serve as a hand- and loot-hold for astro-
nauts in space. 

Researchers at GTRI's Sensors and 
Electromainetiu \j loai ii ii	 I .11) ira-

Researcher Victor Tripp	 : tu i i :cale model 
crew lock and astronaut.	 .: 
Leary, courtesy of Georgia Institute of Technology) 

tory have been working with The Boe-
ing Co. on the project since last Near. 
The greatest technical hurdle involved 
the antenna's location within the ci-ew, 
lock. Since the antenna needs to go in-

side a metal container and provide a 
radio-frequency field for conimunica-
tions, ordinary techniques don't apply, 
because a radiation pattern is meaning-
less inside a resonant cavity, according 
to Victor Tripp, principal research engi-
neer with (;TRI. 

The antenna's job is to provide com-
munications for Space Station astro-
nauts using Russian-designed space- 
suits, which employ the same frequency
used for many years aboard Mm. The 
frequency is four times lower than that 
used by US spacesuits. 

Dependable operation of the crew-
lock antenna is crucial. While astro-
nauts wait within the crew lock sealed 
into spacesuits, the antenna carriesver-
bal communication between astronauts 
and crew, and transmits vital signs and 
other data for monitoring each astro-
naut's physical condition. 

Georgia Tech Research Institute (GTR!), 
430 Tenth St., N11 7 Ste. N-i 12, Atlanta, GA 
30318; Tel: 404-894-3444; Fax: 404-894-
6 983; www.gtri.ga1ech.edu 
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No one understands FieldWorks' capabilities better than Emmy-winning documentary producer, 

Jim Bruton. For the past two years, we've provided Jim with specific computing solutions that 

have allowed him to go beyond the extreme. 

We helped Jim deliver the first real-time video feed from Mount Everest to the Internet. And we 

provided solutions to support Jim's broadcasts from places like the sunken Titanic, the Persian Gulf 

and a Central American rain forest. In fact, Jim calls his FieldWorks systems "TV trucks in a suitcase." 

Despite being our most extreme user, Jim is still a typical FieldWorks customer. He came to 

us with specific needs, and we worked with him to create a high-performance, user-specific 

solution. And we can do the same for you. 

We tailor solutions to meet users' needs, not to mention provide custom service and support 
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The T€chnologM of Space Station 

Controlling Onboard 
Displays 

NASA's Automation. Robotics, and 
Simulation Division (AR&SD) chose 
Sammi graphical software from Kinesix 
Corp. for real-time command and con-
trol of the Space Station's onboard sys-
tems, robotics, and NASA-provided pay-
load displays. Sammi is a client/server 
and web-development framework that 
allows creation, testing, and mainte-
nance of graphical applications on Win-
dows NT, UNIX, and Java platforms. 

Sammi's base use is within the Mis-
sion Control Center. The operators and 
controllers - including the Guidance 
Officer, Flight Dynamics Officer, Navi-
gation, Environmental Systems, and 
Flight Surgeon - will use Santini as an 
interface to their systems. The software 
also will be used to help simulate con-
trol of the Remote Manipulator System 
(RMS) robotic ariis on the station. 

Sammi 's web-enabling technology 
will allow NASA engineers to view dy-
namic graphical representations of re-
mote, on-line data from an unlimited 
umber of measurement points. Once a 
display is created, the software enables 
multiple concurrent connections to sys-
tems such as command and control in-
terfaces, distributed and remote con-
trol, network monitoring, and energy 
management. 

Kinesix Cmporation, 7700 San Felipe, 
Suite 200, Houston, TX 77063; Tel: 
713-953-8300: Fax: 713-953-8306; wino 
kinesix. corn 

Electrical Pcvfs?r 
Syt€m Design 

To monitor thousands of different 
components for the Space Station de-
velopment. NASA implemented an In-
dependent Assessment Team (IAT) to 
oversee the quality of the different pro-
jects across the country. The IAT, char-
tered by NASA Headquarters' Office of 
Safety and Mission Assurance, provides 
independent evaluations of technical 
and other programmatic issues that 
could jeopardize the Space Station mis-
sion. 

At the Rocketdvnc Division of Boeing 
North American in Canoga Park, CA, 
the LT monitors the design and fabri-
cation of the station's electrical power 
system. A significant part of the LT's 
evaluation of Rocketdvne's work in-
volved the use of Mathcad Professional 
technical calculation data analysis soft-
ware from MathSoft.

Jim Swavely, a member of the IAT, 
used Mathcad in his anal ytical work on 
the station's electrical power system, 
which operates like the avionics power 
distribution system of an airplane. 
Mathcad enabled Swavely to provide 
simulations of electrical hardware and 
software systems, allowing him to con-

LJrL	 j 
..LJ 
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duct performance analysis at the system 
level. Simulations also were created for 
specific components such as hydraulics 
for the ammonia pump used in the 
thermal control systems. 

In one analysis, Mathcad was used to 
evaluate a specific software compo-
nent - a complicated data filter that 
examines voltages and currents data. 
The data software filter is designed to 
validate real-time airborne flight data 
by flagging each piece of data and as-
signing it either a "0" for invalid data, 
or a "1" for valid data. The informa-
tion was used for voltages and currents 
in the overall electrical power system 
performance. The filter's software 
code was translated into Mathcad, 
where Swavely was able to simulate 
different scenarios and test filter 
performance. 

Math.Soft, 101 Main St., Cambridge, M4 
02142-1521; Tel: 617-577-101 7: Fax: 617-
577-8829, warns mat hso/t.corn 

Analysis Modeling 
Software 

The Boeing Company has imple-
mented FEMAP from Enterprise Soft-
ware Products as its primary analysis 
modeling and visualization software 
on the International Space Station. As 
a result, all major Integrated Project 
Teams on the Space Station are now 
using FEMAP as their primary tool for 
modeling and visualizing their design 
analysis studies. The software is inte-
grated with existing NASTRAN and

ABAQUS solvers to perform stress and 
dynamics analyses. 

FEMAP software for computer aided 
engineering (CAE) simulates product 
and process performance, reducing or 
eliminating physical prototypes. 
FEMAP has extensive support for lead-
ing finite element solvers. Initially 
skeptical that a Windows-based system 
could provide the comprehensive ca-
pabilities required on a project the size 
of the station, Boeing evaluated 
FEMAP during 1996. As a result, Boe-
ing proceeded with an aggressive im-
plementation of FEMAP in 1997. 
Today, all mechanical anal yses for the 
ISS are modeled, visually interpreted, 
and documented using FEMAP, which 
is integrated with Boeing's Windows 
95 and Office 95 Information Systems 
environment. 

En teiprise Software Products, 411 Eagle-
view Blvd., Ste. 108, Exton, P4 19341; 
7el: 610-458-3660; Fax: 610-458-3665; 
www.fernap.com 

Coating for 
Qu ick—D I cc nn €ct 
Couplings 

The Space Station requires a num-
ber of quick-disconnect couplings that 
provide increased cycle operation life. 
The couplings' valves must he smooth, 
hard, and durable to prevent sealing 
surface damage during transportation 
or when opening or closing the valves. 
When operating at temperatures as 
low as -1 60°F, damage to the valves can 
result in unacceptable levels of system 
fluid leakage, which would contami-
nate the station's external facilities 
and/or its internal habitat. 

Design engineers at Parker Han-
nifin Corporation's Symetrics Business 
Unit chose NEDOX° coating from 
General Magnaplate to achieve the 
hardness, durability, and smoothness 
necessary for optimum performance 
of their couplings. General Mag-
naplate coatings had been used on 
hundreds of parts for various space 
missions, including the fuel mixing 
valves for the lunar module on Apollo 
13, and the core sample drill used by 
the astronauts on the Moon. 

During the early development phase 
of the Space Station, a custom-de-
signed version of NEDOX - called SF -
2NT - was created by General Mag-
naplate. The thin film coating 
permanently dry-lubricated the sur-
face while providing a hardness of tip 
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.Th. TEchnology of SpacE Station. 

to Rc68. In cooperation with Boeing 
Space, McDonnell Douglas Aerospace, 
and Rocketdvne, the process proce-
dures for component preparation, as 
well as the NEDOX SF-2NT coating 
and finishing, were improved. 

The Svmetrics valve components 
for the Space Station's quick-discon-

nect couplings are manufactured 
from Inconel or stainless steel, and 
are polished, cleaned, packed, and 
sent to General Magnaplate's facility 
in Ventura, CA, where the NEDOX 
coating is applied. 

General Mat,rnaplate, 1331 RIe. 1, Lin-
den, A] 07036: Tel.' 908-862-6200, Fox: 
908-862-6110; wwza magnaplale. corn 

McchanicaP CAE 
F 
C	 An, 

A ill! in) )C r of C( iipaii id's ad! I IS'. the 
cotui ti'. arc' using mec han i (a) 1 ()! n-
puter-aided engineering (M(AE) and 
finite element analysis (FE.'.) products 
from MacNeal-Schwendler Corp. 
(MSC) for Space Station applications. 
One company that incorporated 
MSC/NASTRAN finite element analysis 
software was McDonnell Douglas and 
McDonnell Douglas Aerospace. 

For McDonnell Douglas, an obstacle 
arose clue to the difficulty of correlat-
ing each analytical mode shape with 
the measured data in loads analysis. Dy

-nainic mathematical models used in

the launch vehicle verification loads 
analysis for predicting the flight loads 
and assessing the structural integrity 
are required to be test-verified. The 
test-verified model usually is developed 
after conducting a modal survey on a 
structural test article and correlating 
the measured frequencies and niocle 
shapes with the analytical prediction. 
However, it is not practical to instru-
Inc-nt a test article in all degrees of free-
dom corresponding to those of the an-
alytical nioclel. Therefore, the problem 
of each shape developed. A systematic 
approach utilized MSC/NASTRAN 
version 67.5 direct matrix algorithm 
program (DMAP) to minimize the ef-
fort for test-analysis model reduction 
and correlation. 

McDonnell Douglas also used 
MSC/NASTRAN in the Space Sta-
tions primary structural elements 
being assembled and operated in the 
severe on-orbit thermal environ went. 
The changing environment results in a 
broad range of structural load condi-
tions defined by spacecraft articulating 
geometry, orbit inclination, flight alti-
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tude and attitude, and the annual 
solar cycle. Integrated anal ysis ap-
proach was developed using 
NIS( 7 NASTRN structural models is 
corn pute thermalls in di iced loads and 
deflection specifications for the sta-
tions pre-integrated truss segments. 

t!acNeal-Schwc,idler (JcJHIrallofl, 81 

Colorado Blvd., Los A ,u,rclec. CA 900,11- 
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Virtut REah 

Atroriasut Trini 
Open Worlds virtual ical iv it-

ware was developed by DRa's (olli-
putilig Associates under it NASA 
Small Business Innovation Research 
(SBIR) contract nianagecl by Mai-
shall Space Flight Center in 
Huntsville, AL. NASA required soft-
ware that would allow it to create vii-
tual realit y simulations to facilitate 
training future crews for the Space 
Station. Open Worlds' scripting, 
hardware, and graphical cal user ii ter-
lace front end enabled Marshall re-
searchers to create complex virtual

-
an 

IS'S lit i	 i iii! I Ii I	 i	 ii I	 ii	 l(	 I	 liii 
the stainul 's vail) us ('ielil('il is. 

1)Ra\V (;oniptitiiig works closel y with 
the 1_ niversity of Pennsylvania's Center 
II [In inait Nb deli iig and Si ins il a ti ni 

(1 IS), the developer - with NASA's 
Johnson Space Center - of the Jack1 
human sirnttlaticsn software that is now

available coniinerciallv as Transom 
Jick fi-oni Transom Technologies. 

Human OpenWorlds (HOW), it 
\'RMI, add-on module for the Traii-
soiis Jack human simulation system, 
provides full VRNi 1. si 11111 hit ion editing 
a})abllities for expanded behavior 
ontrol in Jack, as well as VRML im-

po rting  and animation capabilities. 
Ilie H( )W with Jack interface was 
tested for the Space Station applica-

sin. More HOW nodes were ad(led. 
Ia oh general-purpose utility uncles and 
Jack-specific nodes. 

[sing the combined software, the 
virtual environment of the Space Sta-
I ion was populated with bioniechani-
(ally accurate human figures that re-
spond to changes in balance, field of -

vision, and flexibility exactly the way it 
real astronaut would. NASA then was 
able to observe the astronauts behav-
ior in limited spaces, designing Space 
Station modules accordingly. 

1)1/a W Computing .4ssociali'.s, 3508 
Market St., Ste. 203, Philadelphia, R4 
19104; Tel: 205-382-0390; ww711. 

(110 WCO inp. corn 
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*The Technology of Space Station. 

Where Science GOES From Here 

The International Space Station is designed to be a tEstbEd for the technologies of the future, serv-
ing as an orbiting laboratory for research on new, high-tech industrial products and materials, as 
well as potentially remarkable breakthroughs In medical technology. 

T
he International Space Station will proide the opportu-
nity for experimental research in the near absence of 

gravity - also called microgravitv - which could produce 
new insights into human health, disease prevention and treat-
ment, industrial processes, heating and cooling systems, waste 
management systems, robotics, and long-duration space 
flight. When completed, the ISS will house six laboratories: 
two from the U.S., one from the European Space Agency, one 
Japanese experiment module, and two Russian research mod-
ules. The station labs will house a variety of experiments in 37 
refrigerator-sized racks. NASA will have 97% of the research 
space in the U.S. lab. 

Simply, micrograty is it condition in which the effects of 
gravity are greatl y reduced. The microgravitv environment as-
sociated with the Space Station is the result of being in orbit, 
which is a state of continuous freefall around the Earth. Mi-
crogravityprovides a unique environment for scientists to ob- 
serve and explore phenomena that normally are masked by 
the effects of Earth's gravity. 

The Space Station will house research on such things as 
the growth of protein cr ystals, which could greatly enhance 
drug design; disease prevention and treatment; and the 

11J) 

ii 
0 Snap Action: Pushbutton, lever, and toggle designs 
0 Design-specific mechanism & packaging options 
0 On-site design/engineering	 4V 

0 On-site, U.S. manufacturing for quick turn-arounds 
0 Qualified per MIL-S-8805	 ON! Proven durability in the most demanding 
applications including aerospace, heavy 
industry & high performance electronics 

Haydon Switch & Instrument, Inc. 
Call 800-243-2715	 USI, Inc. 

On the WEB: http://www.hsi —inc.com 
(Intl	 (1 Coll 2()1-7	 74111 I AX2() 7%-72	 0n70

Study of materials that could not exist and processes that 
could not take place on Earth because of the effects of gra y-
it)'. These include polymers used for everything from con-
tact lenses and paint, to semiconductors and high-tempera -
titre superconductors. 

iitg Research Areas 
The 155 ill house seven dedicated research areas for mi-

crogiavit\ experiments: Biotechnology. Combustion Science, 
Fluid Physics, Fundamental Ph ysics, Materials Science, Ad-
vanced Human Life Support, and Human Research. 

Biotechnology - Biotechnology is an applied biological 
science that involves the research, manipulation, and 
manufacture of biological molecules, tissues, and living 
organisms. This area is likely to play an important role in 
our lives in the next century, with its expanding role in 
health, agriculture, and environmental protection. The 
biotechnology experiments on ISS will focus on protein 
crystal growth. mammalian cell and tissue cultures, and 
fundamental biotechnology. 

Humans contain 150,000 proteins that help its maintain 
life, but understanding the structure of' those proteins has 
eluded scientists. Microgravirv will allow researchers to grow 
protein crystals that are bigger than those that can be grown 
on Earth. According to NASA, pharmaceutical companies 
could benefit through the development of drugs that inhibit 
a specific protein that causes a disease. 

Combustion Science - Combustion is a key element of many 
of our critical technologies, including electric power, home 
heating, aircraft propulsion, and materials processing. The 
microgravitv combustion experiments on the ISS will studs' 
how flames ignite, spread, and extinguish tinder Inicrogravitv. 

Fluid Physics - A fluid is any material that flows in response to 
force, including colloids, gels, foams, granular systems, and 
even gases. Fluid ph ysicists will use inicrogravitv experiments 
to understand the physical principles that govern fluids to 
advance fluid science and technology. A better understand-
ing of how the structure and properties of a solid metal are 
determined by fluid behavior (luring its formation can help 
materials engineers. 

Fundamental Physics - Fundamental ph ysics studies the 
basic laws that govern the physical world on all scales, from 
microscopic to cosmic. Microgravitv experiments in this 
area can be used to test some fundamental theories of 
physics, including Einstein's theory of general relativity, and 
Newton's laws of gravity. 

Materials Science - This broad field covers the stud y of all 
materials, including the formation, structure, and proper-
ties of materials on various scales. The microgravitv materi-
als science experiments will studs' issues in materials solidi-
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• The Technology of Space Station. 

fication and cr ystal growth. These areas encompass the 
roles of sedimentation and hydrostatic pressure in the for-
mation of electronic and photonic materials, metals, alloys, 
composites, glasses, ceramics, and polymers. 

Advanced Human Life Support - An experiment rack de-
voted to testing concepts that could lead to development of 
more efficient regenerative life support systems will he in-
cluded on the ISS. One aim of the tests is to improve mccv-
cling systems. In space, an astronaut will require 23 pounds of 
water each cla y for food preparation, h ygiene, oxygen, and 
drinking, according to NASA. If astronauts are expected to 
stay on the ISS fur months, or even years, advanced recycling 
systems must be designed to rec ycle water - including body 
fluids - into drinking water. 

11Lunaim Research - Studies on how the human body reacts to ex-
tended stays in space will he conducted. Based on studies already 
conducted aboard Mir, NASA has learned that hones lose about 1% 
of calcium for every 30 clays art astronaut is iii space, and that imis-
des atrophy from weightlessness. The human research experiments 
ab( )u(l the INS will take blood snnples, measure muscle strength, 
and rcon d changes over tinie. 

; on tIlE Hot-
NASA already has used mnicrogravitv to develop drugs 

that t educe heart surgery complications; to design pro-
teins that can mitigate the effects of the flu; and to tinder-

stand the structure of insulin. Medical equipment and 
technologies developed for the early space program are 
still paving off today. The cool suit developed for Apollo as- 
tronauts continues to help improve the qualit y of life for 
multiple sclerosis patients. A pacemaker that can he pro-
gramnmned from outside the bod y is the result of NASA-dc-
eloped instruments that measure bone loss and density 

without penetrating the skin. 
With the ISS, microgravitv research potentiall y could 

lead to further technological breakthroughs that could 
not he discovered on Earth, particularly iii the medical 
field. Research equipment developed for the ISS already 
is paving dividends on the ground. Ovarian tumor sam-
ples are being grown in NASA's new cell-culturing biore-
actor so that tumors can he studied outside the bod y, with-
out harming the patient. A similar trial is underway for 
brain timumorS. 

The hioreactur on the ISS will grow three-dimensional 
samples of human tissue that will be far superior to the 
two-dimensional samples grown on Earth. Developments 
iii tissue growth ma y lead to space-grown cartilage, hone 
marrow, heart muscle, skeletal muscle, and liver and kid-
ney cells that could replace damaged hitmmimamm tissues. Time 
hioreactor also will be used to further understand tumors 
by preparing better models of human colon, prostate, 
breast, and ovarian tumors. 

Microgravmtv research also will allow new insights into dis-
ease prevention and treatment, including heart, Ituig, and 
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ProView 80 

See Through Through ProView 40/50 

ProView 60 

From the space shuttle to 
your application, look to: 

Electro-Optics, Inc. 

2752 Loker Avenue West 
Carlsbad, CA 92008 
Tel: (760) 438-9255 
Fax: (760) 438-6875 

E-mail: info@keo.com 

www.keo.com
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kidney function; cardiovascular dis-
ease; osteoporosis; hormonal disor-
ders; and immune system function. 
Protein crystals grown on the ISS will 
be used for research into diabetes, em-
physema, and parasitic infections. 

Materials research aboard the ISS 
will include a study of crystallization 
processes and their importance in 
electronic materials, which play a 
major role in the operation of com-
puters, medical instruments, power 
systems, and communications systems. 
Semiconductors are a prime example 
of an electronic material and are a pri-
mary target of the microgravity re-
search. Applications include creating 
crystals for use in lasers, computer 
chips, solar cells, and x-ray, gamma-ray, 
and infrared detectors. Knowledge 
gained from this research include im-
proving glass fibers for use in telecom-
munications; and creating stronger 
crystalline ceramics for gas turbines 
and combustion engines. 

Since combustion accounts for 85 
percent of the world's energy usage, 
improved understanding of combus-
tion may help scientists deal with 
problems such as pollution, global

warming, explosions, and atmos-
pheric changes. Research to test im-
proved heating and cooling systems, 
long-life power converters, chemical 
storage systems, and air purification 
systems also may lead to huge savings. 
For example, a 2% increase in the 
burner efficiency of heaters would 
save the U.S. about $8 billion per 
year, according to NASA. 

Fundamental physics research al-
ready has led to the development of 
highly accurate experiment sensors 
that use superconducting technology. 
This research spawned the magnetic 
resonance imaging (MRI) technology 
commonly used in medical diagnosis. 
Originally designed for laboratory ex-
periments that used nuclear magnetic 
resonance (NMR) to study atoms, the 
sensors were adapted to locate healthy 
and diseased tissue in the body, in 
many cases eliminating the need for 
exploratory surgery. 

Technological advances are being 
integrated on the International Space 
Station on an unparalleled scale. And 
at the same time, the expected bene-
fits ISS research may bring to life on 
Earth are anxiously awaited. 
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Contour/Roughness 
Measurement 

	

______	 The SV-0524 from Mitu-

ovo, Aurora, IL, combines 

	

-	 .t high-level surface rough-

ness tester and a digital 

-	 contour-measuring unit. 

_	

I	 Applications include


evaluating manu-

facturing processes, 

(Iisi-iif)iIig new workpiece specifications, and 

11 111 1 ,L4 sophisticated contour and surface finish analysis. The sys-

trio features a granite base, precision column, X-axis drive unit, 

motorized column, control, and computer system. Joystick operation 

enables manual control of the X/Z drives, measurement start/stop, 

and stylus up/down motions. In surface texture mode, the system 

assesses difficult surfaces, short surfaces, and unusual part configura-

tions. FORMPAK-100() software is resident in the Windows 95 PG-
based system. Circle No. 700 

Data Acquisition System 
Symmetric Research, lvii k	 - - 

land, WA, offers the PAR2 I P, 

data acquisition system, whi( h 

achieves 22-bit true single sam-

ple accuracy at a 20-Hz sain-I 3 pling rate, with a maxintiltil 	 .	 . 

sampling rate of 1 kHz. li. 	 - 

eight individual A/D sit1 

tems eliminate crosstalk and 

settling problems. Interfaced with stan -

dard hi-directional PC parallel ports, the ss sot i i iii it 

with laptop or desktop machines when installation of IS \ or PCI bus 

cards is impractical. The parallel port also can be run in FF1' mode for 

fast data transfers. Once converted, incoming digitized data is fully 

buffered with an on-hoard FIFO, allowing continuous data acquisition 

during heavy interrupts ot multi-tasking. Software support is supplied, 

including drivers for DOS, Windows 95, and National Instruments' 

LahVicw, Circle No. 701 

! '.trI Sinc,! p --Bo .r) (r'r)uter 
Teknor Industrial Cornpu 

ters, Boisbriand, Quebec, 

iii.ula, has introduced the  

N:1-934 multimedia industrial 

-ogle-hoard computer for 

IEMs and systems integrators. 
-- -	 -	 \ single standard AT form fac-

-	 '.	 ii card, the board is compati-

oill

	

	 with either ISA or PICMG-




ompliant PCI-ISA passive 

	

-	 ,	
loickplanes. It accepts all 

7 I' 11111 liii 0 ss 0 iii i iili 2 .33 MHz with MMX ' technol-

og'. with 
future  suppot ts op to 300 MHz. 1, It supports 512 KB L2 cache 

and SI 2slll of DRAM. A built-in FIDE disk interface supports four 

hard drives and 24 MB (or latest density) of ( ompactFlash solid-state 

disk memory. The system features a floppy-disk controller; serial, par-

allel keyboard, tard, and niouse ports; two I. Sit poi is; and PC I/ / 11)4-Fl us and 

VlPerVision expansion headers. Circle No. 702 
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Remote Control for Data Acquisition 
FreeWave from SoMat Corp., Champaign, IL, is a wireless modem 

for long-range data communications that uses spread spectrum fre-

quency hopping with a line-of-sight range of up to 20 miles. The unit 

provides remote control of data acquisition systems, and features an 

obstructed range of up to two miles. It incorporates an RS-232 inter-

face; system gain of 140 dB; an aluminum enclosure that weighs only 

560 grams; and has an operating temperature range from 40 to 

+75'C, and operating frequency of 902-928 MHz. It is programmable 

through any terminal program and operates in either point-to-point 

or point-to-multipoint mode. Circle No. 703 

Handheld Digital Thermometers 
Omega Engineering, Stamford. CT, offers 

the HHSO0 Series handheld thermometers 	 - 

that feature a rugged meter design. The meters 

acceptJ/K/RTD inputs in both single and dual 

inputs, and are C/F switchable with 0.1-degree 	 - 

resolution. HHSOIA/B models have backlit LCD 

displays. All models offer data hold - HHSO2 through 

HHSO5 also have mm/max/average readings with beeper warning for 

audible alarming. The thermometers are dust-resistant according to 

NEMA4X standards, and are water- and splash-resistant. Also included 
are a soft carrying case and a shock-resistant rubber boot. Circle No. 704 

IGARASHI

Introduces a New Low Cost 


20mm Gearmotor 

• stainless Steel Output Shaft 

el^

• Plastic & Machined Gears 

• Permanent Lubrication 

_____ • Rated at 8 oz in torque 

I

' Igarashi Motor Sales USA 
420 N. May Street, Chicago, IL 60622 
Phone: 312-829-6922; Fax: 312-829-6929 
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New 

MARKET 
Low-Noise Nanovoitmeter 

Keithley Instruments, Cleveland, OH, has introduced the Model 

2182 nanovoltmeter, with one count in 12,000,000 (over 7 digits) res-




olution, designed for low-voltage measurements. The unit 's "Delta"

rn()(lc impicinem, thu,immon current-reversal method for canceling 


thermal ernfs (using an external

source) at up to 8 Hz, and can

average multiple readings for 

greater noise reduction. The

unit features digital filtering of

DC voltage readings or after the

Delta reading for lower noise 

levels; two-channel capability; 
direct reading ofJ, K, N, T, E, R, 

S. and B liii iii iiiplc. analog outputs for strip chart recording; sta-
tistical functions such as average, standard deviation, and minimum or 
maximum; and measurement ranges of lOmV, lOOmV, IV, b y, and 
100V. Circle No. 705 

PCI Bus Data Acquisition 
The GageDAQ family from Gage Applied Sciences, South 

Burlington, VT, consists of four PCI bus, multi-channel, mid-range 
data acquisition cards: the GageDAQ 9812 12-bit, 4-channel, 
20 MS/s A/D card; GageDAQ 7300 
32-bit digital I/O card; GageDAc 
9118 333-kHz, 12-bit, 16-channel 
A/D card; and GageDAQ 7230 iso-
lated 32-bit digital I/O card. 
Applications include ultrasound im-
aging, high-speed memory transfers 
from other computers, factory automa-
tion, and monitoring of proximity 
switches. Circle No. 706 

.	 High-Performance

Workstation 

The Dell Precision" WorkSta-
tion 410 from Dell Computer 
Corp., Round Rock, TX, 
enables graphics-and data-inten-
sive Windows NT applications 
such as CAD, geographic inforina-
tion systems, digital content cre-
ation, and software development. 

The computer is powered by single or dual 350- or 400-MHz Pentium 
processors with MMXTM technology, and accommodates up to four 
Ultra2/Wide 9-GB SCSI hard-disk drives, offering 80-MB/second 
transfer rates. Other features include RAID technology from Adapter; 
up to 1-GB of 100-MHz SDRAM; a new industrial design for easy com-
ponent access; and six available slots for expansion. Circle No. 707 

Universal I/O Connector 
AMP, Harrisburg, PA, has introduced a univ	 ii- svs-

tern for multiserial, multiprotocol WAN 
attachment over a single high-density con-
nector system. The connector can be inte-
grated into hardware such as routers and 
hubs to provide connectivity to a Data 
Service Unit/Channel Service Unit (DSU/	 -.	 - 
CSU). The system includes a 72- and 160-
position cable plug and printed circuit board connector. The plug is 
designed with insulation displacement contacts for fast cable termina-
tion. Industry-standard 4/40 threads provide positive retention of 
mated connectors. Circle No. 710 

• Superior to conventional slip rings, Mercotac's liquid 
metal-wetted contacts provide reliability. No electrical 
noise, less than 1 milliohm resistance. 

• Durable, compact, low cost, no maintenance. Ideal for 

computers, instrumentation, thermocouples, strain 

gauges, packaging, heating and control equipment. 

Mercotacinc. 
6195 Corte del Cedro 7100 
Carlsbad, California 92009 
760 431 7723 • Fax 760 431 0905 
Internet: www.mercotac.com 
e-mail: infomercotac.com
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Machine & Drive Couplings 
Gerwah zero-backlash couplings from 

Rirntec Corp.. Westmont, IL, are available in 

safety, metal bellows, and servo insert model, 

with multiple clamping styles. Safety coji 

plings feature a pre-stressed Beliville spring i' 

disengage servomotors within 24 ms. The 

transmit torques from 1 Nm to 1600 Nni 

Metal bellows couplings are designed with 

high torsional stiffness and low inertia; stain-

less steel couplings are designed to compen-

sate for heat, pressure, and elastic deformation. 1 he can he ses-il iii 

suit bore sizes from 1 mm to 100 mm. Circle No. 758

Screw Locking & 
!	 Sealing System 

The Precotea screw-locking and thread-
s alsng system from Nylok Fastener Corp., 

\lacomh, MI, can be used in fastening appli-

stions in automotive, electronics, comput-

-	 s, aerospace, and other high-tech indus-

tries. The system is a chemical adhesive-

L jj	 based system offered in several grades: 

Precote 5® for thread-sealing where lower 

srength and easy removal are required; 

l'scs.ote 70 for repeated exposure to elevated tem-

peratures; Precote 80 for high-strength and temperature resistance to 

300'F; and Precote 85 for applications requiring it low coefficient of 

friction and high strength. Circle No. 755 

Precision Balances 
Setra Systems, Boxborough, MA, offers enhanced versions of the BL 

and El, precision issoms balances. Features include a collapsible weighing 
j mii that cii,thlu, he balances to endure 10,000% overloading. The 

ollapsible design provides protection of the 

h.slanre's ceramic variable capacitance load 

(ell. The pan support mechanism collapses 

ohesmever the weight on the pan far exceeds 

the balance's capacity. The pan then rests on 

-	 '

 

the cast aluminum cover of the balance, sup-

porting any additional weight and preventing 

further stress on the load cell. Once the weight 

is removed, the pan support springs back to its 
original shape. Circle No. 751 

True Vertical Gyro 
The DMU-VGX high-speed, solid-state, true vertical gyro from 

Crossbow Technology, San Jose, CA, measures roll and pitch in dynam-

ic environments such as camera stabilization, automotive testing, 

motion monitoring, and unmanned vehicle orientation sensing. 

Using silicon micromachined technology and high-speed digital signal 

processing, the gyro has a rnean-flssle heoses'tt 

failure of more than 50,001 

hours. Built-in software calculate, 

instantaneous angle from the rule 

sensors and uses acceleronieter 

to correct for drift and provide a 

gravity reference. It provides stis-

bilized roll and pitch output with 	
I 

an instantaneous initial el-cc-  

Uon rate. The unit is packaged	 - 

in an aluminum housing and 

measures 3 x 3.375 x 7.25". 
Circle No. 712 
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P2LX Series 
Intel Pentium II Processors 	 Ultra SCSI and Video Options 

Intel 440LX Pentium II Chip Set	 To 512MB On-Board RAM 

"Slot 1" Processor Mounted for Working Environments 

The Industrial Pentium II family features an innovative backplane technology 
designed to properly utilize the Pentium II in rack system applications—properly 
mounted, properly cooled and properly shielded. Unlike risky SBC 

implementations, the Industrial Pentium II family easily adapts to new power 
supplies and processors as performance advances are made. 

INDUSTRIAL COMPUTER SOURCE® 

6260 Sequence Drive 
San Diego, CA 92121-4371

www.indcompsrc.com 

Imagine the Potential... 

Flexible l0 
Servometer's gold 
plated interconnect 

to t7nect Contacts contacts are designed
provide a lifetime of reliable interconnection. Diameters 
ranging from 0.037' OD to 0.125" OD. An alternative to 
costly, tight toleranced assembly components. 
Flexible Interconnect Contacts: 

• Can be used individually or as dynamic pairs. 
• Unique tips allow pairs to self align as they connect. 

• Compensate for misalignments due to 
tolerance build up. 	

-7 
• Low DC resistance. 

• Minimum insertion loss. 	 Lk • Lifetime spring and force repeatability. 	 Call for free 

SeRVOMeTeR ®	 brochure 

Fax (USA): (800) 785-0756 

501 Little Falls Road	 Fax: (973) 785-0756 
Tel: (973) 785-4630 

Cedar Grove, NJ 07009	 www.servometer.com 
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Newon 

DISKIII. 
Metric Conversion Software 

Venmark International, Wellesley, MA, has introduced U-Convert-

It' English/Metric conversion software. a Windows-compatible utility 

that instanth converts .c wide It' v,cr!et\ of English and metric types, and 

can past dic i c'iilts ciii cc is into ci,, icucelits, drawings, and spread-

1,	 - I	 I I'. of citRic sic)!) possibilities in categories 

sin h as linear, area, 

:'	 - --	 density, and volume. To 

OIIvi'It numbers in 

-c	 both directions, a "Unit 

-

	

	 'issap button automati-




rally switches the two 
--	 .	 unit types. The pro-

___j I

	

	 gram also includes a


calculator that transfers 

directly

	 IIZT 

Data Management for CADKEY 
SnsartKey plug-in PDM/TDM (product data management) soft-

ware module for CADKEY 97 users has been introduced by 

SmarTeam, Peabody, MA. The native Windows-based application is 

designed to give CADKEY users the tools to create, edit, view, control. 

..XoiboIIiarie Inc

and annotate CADKEY engineering drawings and office t ype docu-

ments. Features include a predefined database structure that is ready 

out-of-the-box; defining queries for locating drawings according to any 

attribute: and the capability to edit and revise documents from within 

the CADKEY desktop. Circle No. 726 

Rapid NC Verification 
NC Veri' TrueSolid verification software from Sirius Systems Corp., 

San Jose, GA, is designed primaril y for mold and die machining, and 

can be used for general-purpose 3-axis machining. It supports a 

SuperTurbo mode, which verifies large manufacturing files at rates 

averaging between 5,000 and 20,000 points per second, and allows for 

rapid 3-axis milling. It uses true 3D solid models, enabling users to 

rotate and zoom into into the part. Other features include OpenUL graph-

ics and Rest Machining, which compares the design against the man-

ufactured part to identify flaws. Circle No. 727 

CAM Programming Software 
Pathtrace Systems, Ontario. CA, has announced Version 3.1 of its 


Fdgt'CAM programming softu.t rc.a32-bit Windows NT- and 95-based


CAM system that


supports Autoclesk's

\ls-chanical Desktop 

EdgeCAM for 

\lcchanical Desktop 

is designed to reduce 

programming time 

through additional 

iictomation of pro-

rancnhing sequences. 

i-c'atures include new 

side-cutting grooving 

les that extend the 

avaiiahk liii iIIft sci I iuIlIcs. Ili( ­h\,.tic upports 3-1/2-axis and 

inultiplane/rotary milling; surface machining: two, four, C-axis, and \ 

axis turning; and two/four-axis wire EDM. Circle No. 728 

Instrumentation and Control 
CONTROLpro Version 10.1 Windows-based instrumentation and 

control software from LTC, Wilmington, MA, features real-time 

remote access to any portion of the CONTROLpro-based application 

on the Web: fast Pentium support for both new and old data acquisi-

tion and control devices; and an open-architecture design supporting 

over 1.000 I/O devices from more than 50 manufacturers. 

CONTROLpro also provides thermocouple measurement via digital 

filtering and Year 2000 compliance. Circle No. 731 

Acoustic Analysis in CATIA 
Automated Analysis Corp., Ann Arbor, MI, offers COMET/ 

Acoustics' acoustic-anal ysis software available in Dassault Systèmes' 

('ATIA5 Analysis environment. COMET enables product engineers and 

designers to predict the acoustical performance of their products 

before building any physical prototypes. Embedded in the CATIA 

Analysis environment, COMET will generate acoustic-analysis solutions 

within (ATlAs automatic surface and volume meshing. CAT/COMET 

is designed to offer users a consistent interface with eas y-to-use tools to 
predict and optimize the sound quality of their products. Circle No. 732 
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Mechanical Testing Software 
TestWorks 4 mechanical testing software from MTS Systems


Corp.. Eden Prairie. M\, fe.,l ii is it redesigned interface that 


simplifies test set-up, exe-




cution, and monitoring.


It runs on Windows


NT/95  and is optimized 

I	 oil 0 Pentium processors. 
-	 ( II hei features include a 

..	

.:	

'

' option; test 

equencing	 flexibility;


so mat manual control 

'I	
.mel; and enhanced data 

9uisition.	 Interactive 

-	 I .iphics include move-
-	

-	 tOte markers and text. 

construction Uon lines. .tii I ,i.,ll, ,i, ii / mom. The software runs 

on all \l IS dec tr,,ln(, limit ii lest sislims and provides compatihil-

its on sii tuallv any local area leRsili Is running on Windows NT/OS. 

Circle No. 729 

PCB Design Suite 
Zuken-Redac, Santa (laia. CA, has released CADSTAR MAGNUM 

32-bit, Windows-based PCB design suite with unlimited, multilaver 

autorouting. This means that up to 255 electrical layers can be con-

structed. Highlights include a Report Generator capable of produc-

ing detailed reports for integration into the user's working environ-

ment. 01.E aritomatioll server functionalit y allows access to the 

Microsoft standard programmers interface and built-in function 

calls to (ADSTAR's design database. Testpoint generation is provid- 

ed in fully automatic and manual capabilities. Split and partial planes 

can he created in CADSTAR MAGNUM using a dialog-driven inter-

face to control the plane entities. Many alien formats can be import-

ed allowing migration or integration of different vendors' tools. 

Circle No. 733 

Global Patent Database 
Derwent Information, .-Uex-

andria, VA, has introduced	 - 

Patent Explorer. an Internet 

based service that brings patent 

information to the desktops I 

engineers and others in need d 

competitive intelligence II 

information for 01 ission-c tIll, .1 

R&D. Patent Explorer all 

users to zero in on needed ink,i 

nlation by keyword, patent nuilt 

her, class, or assignee 11am 

Users can then add up to I 

additional criteria to I C tiSt( 1111/, 

searching across the lull texiI  

the patent document. Seau lies 	 —	 a. 

can be set up for automatic 

weekly, monthly, or (luauterls ex , IllilIll P.il,l,l F.Aph)[cr supp,,I Is 

Microsoft Internet Exploi ei :1.0 and above, as 0111 as N	 dl 

Navigator 2.0 and above. using Windows, Macintosh, or UNIX. 

Circle No. 730

S17422 
0.1 second response 

S17624 Thin film RID 

S651 Miniature platinum RID 

Thin. fOi;j 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 

VI I N CO PRODUCTS, INC. 
7300 Commerce Lane • Minneapolis. MN 55432-3177 U.S.A.


Telephone: (612) 571-3121 • FAX: (612) 571-0927 
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'.evel/Flow Sensors 
The 1998-99 Engineering Guide to Level 

and Flow Sensors is available from Scientific 
lechnologies, Fremont, CA. The guide de-
.urihes more than 50 sensor models, including 
level and flow sensing products for point level 
detection for solids, liquids, solids/liquids; 
continuous level detection of solids/liquids; 
and flow switches for solids, liquids, and 
gases. Circle No. 722 

IDILJLI INC. 

if you have an edge ... we have a trim! 

For over 25 years,	 trim 

the leader in 
flexible plastic 
and rubber 
extrusions!

call for 

1 "a
01 PIP FREE sampIe

New 

LITERATURE.. 
Sensor Design Guide 

A 200-page design guide features Schaesiti 
Sensors from Lucas Control Systems, 
Hampton, VA. The guide includes Lineaj 
Variable Differential Transformers (LVDTs), 
position transmitters, dimensional gage 
heads, magnetostrictive linear displacement 
transducers, instrumentation, and pressure 
sensing technologies. Also covered are 
rotary transformers and transducers, tilt 
sensors, fluid level sensors, and inclinome-
ters. Circle No. 720 

High-Speed Vision Processor 
Imaging Technology, Bedford, MA, has 

released a 12-page brochure describing the 
IM-VME modular pipeline vision processor for 
real-time image processing and analysis. The 
VMEbus-based processors are designed for 
high-speed inspection and machine guidance, 
image analysis, and complex research projects. 
Driven by a 40-MHz pipeline architecture, the mob	
processor is available with plug-on modules. 
Circle No. 717 

e-mail: trimlok@aol.com 

1 m 555 IRIMLVKI 
714-562-0500 fax 714-562-0600 

6855 Hermosa Circle Buena Park, Co 90622-6180.

Self-Clinching Blind Fasteners 
PEM5 self-clinching blind fasteners an 

described in a four-page product bulletin from 
Penn Engineering & Manufacturing Corp. 
Danboro, PA. The fasteners provide barriers 
hat protect threads from foreign matter, and 

protect circuits from intrusion of extra-long 
screws. The steel and stainless steel fastenet 
are available iii thread sizes from #4-40 
through 1/4-20 and M3 through MG. Circle No. 718 

PCI Data Acquisition 
United Electronic Industries. Watertown. Nl\.

	 a pcq F 
I Pill P 

El J! 
cW 

offers a 1998 catalog that describes PowerDAQ
1 PCI data acquisition boards. The boards feature 

an on-board Motorola DSP and include multi-
threaded software support for Windows 95 and 
Windows NT. A range of cables and accessorie, 
also is included. Circle No. 721 

Stepper/Servo Motor Brakes 
Electroid, Div. of Valcor Engineering 

Springfield. NJ, offers a four-page brochur 
describing SSB Series front-end stepper/serv 
motor brakes. The brakes feature a permanent 
magnet brake design with a torsionally rigid 
coupling that accepts misalignment. Catalog 
SSB-1 also describes special configurations 
available. Circle No. 715 

Temperature Calibration 
llai-t Scientific, American Fork, UT, has released 

its 1998 temperature calibration catalog. The 148-
age catalog includes equipment and instruments 

lor the calibration of RTDs, thermocouples, ther-
((stors, and other temperature sensors. The four 
tapr product groups covered are primary stan-

(lards, thermometers, calibration baths, and dry-
block calibrators. Circle No. 723 

High-Voltage Digital Drives 
A 16-page brochure from Indramat Div., 

Mannesmann Rexroth Corp., Hoffman Estates, 
IL, describes the DIAX04 family of intelligent 
modular drives, which are part of the SYS-
TEM200 modular control concept. Available as 
one- and two-axis modular drives, the DIAX04 
are designed for applications such as high-
speed machining and sheet metal machining. 
Circle No. 716 
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ladders 

I/fled 

*BLADDER TANKS tAIR CELLS 

• DIAPHRAGMS & ACUATOR.5 ,.-----
*BELLOWS & FUEL CELLS \ 

• STRESS TEST BLADDERS 

• CUSTOM INFLATABLES 

• PNEUMATIC / HYDRAULIC PRESSES 

•... .	 800-526-5330 
AERO TEC LABORATORIES INC. 
RAMSEY, NJ 07446-1251USA 
TEL: 201-825-1400 FAX: 201-825-1962 
e-Mail aerotec@cybernex.net 
http:// www.atlinc.com 
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11- SCAN® H 
EYE & HEAD SLAVED 
POINTING SYSTEMS 
Real-time eye & head move-
ment monitoring systems for 
advanced man/machine inter-
face. Applications include 
workstation control, simula-
tion/training, human factors 
& target designation. 

LDTs for Tough Duty 
in Tight Places

LT and MLT linear 
displacement trans-
ducers are just 
what you need for 
small spaces and 
tight places. These 
rugged potentiome-
ters offer high sig-
nal quality, low 

noise, and long life. Stroke lengths range 
from '/' to 14'. The unique wiper design 
and proprietary MystRO conductive plastic 
element provide exceptional tolerance to 
shock, vibration, misalignment, and wear. 
Durability at an affordable price. 
For information contact: 

. II DATA INSTRUMENTS 
100 Discovery Way 
Acton, MA 01720 USA 
Tel: (800) 333-3282; Fax: (978) 263-0630 
www.datainstrumentscom 
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power hungry?	 -	 - -	 -	 CWSTACK 

A Power Supply for Every Design Engineer's Appetite 

45 to 40 watt 
Wailmount or Desktop Linear 

5 to 40 watt 
Walimount or Desktop Switcher 

500 to 1,000 watt 
Wallmount or Desktop Hi-Power Linear 

800.275.4899	 On top of it: 
www.cuistack.com  

For More Information Circle No. 584 

v' OnBoard Procsor f5tondAlone Uses 
v'SoundBloster VOC, W4V,Tope Source 
V Over 4 Minutes NVRAM r No belays 
v Sound Effects ,& Speech (512 Phrases) 
v' Also Serial or Parallel Port Interfaces 

Industrial Controls . P05- Vending 
Training Simulators . Theme Rides
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In Linear Static Stress Analysis, the forces 
must sum to zero. The effect of the sec-
ond gear is simulated by an assumed force 
or pressure at a single instant in time.

In Algor's Mechanical Event Simulation, the forces sum to Mass times 
Acceleration (F=MA). Impact forces are transmitted through actual 
contact between the teeth during gear acceleration. 

Old: 
In traditional linear static stress analysis, you begin by 
building an FEA model. Then you set up boundary 
conditions to anchor the model in three-dimensional 
space. 

If the boundary conditions fail to stop the model from 
moving in all six primary directions (three degrees of 
freedom in translation and three in rotation), the static 
FEA process cannot work. After setting up the bound-
ary conditions, you then apply the moment (M) or 
torque, which could be generated by an electric motor, 
and an assumed force (F) or pressure to simulate the 
reaction of the second gear. After analysis you will 
have a stress contour for one point in time. 

Because the gear teeth are constantly clashing in a 
random way, the impact forces cannot be known with 
any precision. 

New:

"monitor pro-	 Plot of acceleration vs. time shows 
gram."	 high-frequency impacts. 

At the end, you see the stresses on all the gear teeth 
at every point in time. 

And, you can make an analysis replay to see the 
results in real time or slow motion. In addition, you 
can run a Fast Fourier Transform on the displacement 
data to highlight any dangers from resonance. 

When the analy-
sis runs, you will 
know it's set up 
properly when 
you see the gears 
accelerating and 
stresses changing 
as you view the 
live on-screen 

In Algor's Mechanical Event 
Simulation, you begin the same 
way by building an FEA model. 
However, this time you include the 
second gear. 
You place boundary conditions at 

the pivots. The big gear is free to 
rotate when forced by the driving 
gear. Inertia of the entire gear sys-
tem resists the force of the motor.
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150 Beta Drive, Pittsburgh, PA 15238-2932 
USA 
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Launching a satellite has never been easy. The people a lt 

The Aerospace Corporation know that. So they rely on a 

powerful data analysis and visualization software package 

called IDL to make it a little easier. 

The Aerospace Corporations business involves designing 

and testing the most powerful, safest and environmental-

ly sound propulsion systems for satellite launches. 

A special team, led by Dr. Andy Mcllroy, uses IDL, the 

ireraaive Data Language, for combustion data analysis. 

I! 11. allows them to quickly manipulate and display data. 

Ii allows them to test ignition methods and develop corn-

Iwwion formulas with minimal environmental impact. 

\itd they can share their work between Windows, Unix 

md power Macintosh machines because of IDL's unique 

it iss-platmorill dcsii7tt. 

], Îtis 
'ence 

At The Aerospace Corporation, we use IDL software 

because of its flexibility and ability to run on lots of 
different devices in our lab. The data processing capabil-

ities let me see what's happening in wa ys I need to." Dr. 

Mcllroy says.

False color images 

generated by Planar 

Loser induced 
Fluorescence (PLIF) 

imaging represent the 
relative concentration 

ofhydroa-yl r 
the expandi

7Z0cD 
Image 

The.

c_na 

H 

Thousands of other people also use IDL to turn their 

data into useful information. People like Dr. Amir 

Najmi. of Johns Hopkins University Applied Physics 

Lab, who is developing optimal processing methods for 

electromagnetic and .scoustic data. "Once I have an 

idea," says Na j mi, "1 can quickly prototype that idea and 

see the results almost instantly." 

Find out how IDL can help you improve your analysis 

and make better decisions from your data. Contact its 

toda y for a free demo CD. You can also request 

higineering Test & Analysis Application Prfiles, which 

details the man\' interesting applications of IDL. 

U 
... 
U... 

. I DL 
Contact us today for information on IDL software and to receive a free demo C.D. 
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