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Join the Soluti 
Revolutio 

J1s rkvtlopers ofhigh-per{ormanu DAQ applicatiom, lvt chos~ 

Lab VIEW b~caus~ it provitks thl high-md tools nutkd for mpid 
~Iopmmt without mtricting th~ uu of'C'for Iow-kva nuds. n 

Jim Campbe/~ Cofourukr. 
Viropoint oftwa" SoLutions 

"The tMtaflolil styk of the Lab VIEW gmphical V!.ngullge 
"Flam the old styk ofs~qumtial programming - now, 
compkx concepts SItch as th~ timing and op~tion of 
paralkl tasks can be ckarly defined. n 

LyntM Groggm, Presidmt, 

"Lab VIEW softwa" is easy to develop, tkbug, and 
maintain. It helps us concmtmtl on the application 

features without being caught up in fine tktails. 
This translates to on-time, on-budga projectr and 

customer satisfaction. » 

Niranjan Ravulapalli, Project Manager 
VI Ttchnology 

G Systmzs 

La bVI EW 
Graphical Programming Software 

Irs not a secret anymore. There's a 

graphical programming revolution going on, 

and LabVIEW is leading it. Thousands of 

scientists, engineers, and technicians use 

LabVIEW to create complete 

instrumentation and data 

acquisition solutions in a fraction c 

the time it takes with other 

software. The simplicity of the graph icc 

language and the speed of the 

graphical compiler have helped LabVIEW 

users develop mill ions of successful solutiom 
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Leam how you can start 

creating solutions. 

Call (BOO) 433-3488 
and ask for your FREE 

Productivity Study. "t-" 
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Exact Graphs for Exact Science 
You've spent months 
gathering and analyzing 
data. ow you need to 
show off your work -
clearly and precisely. 
You can use a spread
sheet or a data analysis 
program to make a 
graph . Many scientists 
have tried this route. 
Then they saw they 
could not create the 
exact graph that best 
represented their data. 
Scientists like you 
designed the solution: 
SigmaPlot. 

DESIGNED WITH 
THE FLEXIBILITY 
YOU NEED 

MWI,en it come to clroosi1lg the program tllat wiU best 
meet the need of ti,e bulk or dentific and engineering 
users; it is, " e' it: igmaPlot by a mile. ,. 

Dr. BarTy Simon. Ph.D., Dt:sktDp EngtIllt""9 MDgazin<. September 1996 
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takes to see one 
of over 100 curve 
fits added to your 
graph using the 
new SigmaPlot 4.0 
Regression Wizard. 
Choose the error bar 
direction for every data 
point. Lay our multiple 
graphs on a page to see 
the trends in your 
data. Export to EPS, 
TIFF, JPEG and other 
graphic file formats to 
publish your results. 

THE PROOF IS IN 
THE PLOnlNG 
Over 100,000 of your 
colleagues have already 
seen how SigmaPlot 

Customize every detail to create the exact SigmaPlot 
graph you want. Just a few mouse clicks s all it 

graphs create a more compelling presentation of 
their research.SigmaPlot provides exact graphs for 
exact science. 

To order. 
SPSS Inc... 444 N. Midligan Avenue.. cthca~, n. 60611 
+311 )2'1.2400: fax; "')11.329l668 

Call today at 800-841 -0057 
[)kuibuIDn vruttdwide hltl' IIwwwsrlS'S .. Ulm1nrderl 

AOIWI YSI'TCNTll-0997 http://www.spss.com/software/science/sigmaplot 

Fit thousands of ua· ODS 
to your data m s---onds 
Find the best model for your data 
in seconds 
TableCurve 2D has 3,665 equations 
frequently encountered in sdence and 
engineering built right in. With a single 
mouse dick. fit them all or just the ones 
you need - instantly I You can even enter 
your own spedaILy models to be fit and 
ranked along with the built-in equations. 
If no single function describes your 
data, choose from the three powerful 
non-parametric estimation features -
Local Regression Estimation, Spline 
Fitting and Smooth Spline Estimation. 
TableCurve saves you predous time 
because it takes the endless trial and 
error out of data fitting. 

fil XY nwdtls /0 )'OK!' data in smmds with 
TabkClltvt lD (abevr). Ust Tab/LCurvt JD 
JOT XYZ nuf= fining appliauimu (/lft). 

Visua Iy discover the best equation to model your data 
Once the fit is complete, TableCurve automatically displays fitted equations and corresponding 
graphs sorted by the statistical criteria you select. Graphically review fitted results as you scroll 
through the equation list to discover the model that meets your requirements for the ideal fit. 
To order: 
SPSS Inc. 4« N Midll&an A,,,,,,,,,. CI1IcaBo. II. 60611 
+312.)29.2400: K +312.129.3668 ___ wide: 1utp~lwww .... <nmlonlerl 

AOOS1 YSPTCI\"T8-0997 

Call today 1-800-841-0057 
http:/ /www.spss.com/software/science/tcurve2 

For More InfonnatJon Cln:" No. 503 

Solve complex 
science and engineering 
problems faster 
• Optimize product and 

proct"ss performance 

• Quickly calibrate sensors 
• Understand complex 

chemical klneucs 

• Reduce empirical data to 
a simple equation 

• Stabilize s}">lCU1S WHit 

d} namie feedback 

sam SIaVlci< 
Engm .... r and R~search.r 

TABLE ,+11;:1--



Source and measure capabilities 

First we doubled the function, 

Model 2400 Model 2410 Model 2420 

now we've tripled the choice. 
Ju t like the original Model 2400, the two new 

additions to the Keithley SourceMeter* 
line combine sourcing and measurement in single, 

high throughput, DC parametric test sy terns. The high 
voltage Model 2410 and high current Model 2420 

extend the range of these capabilities for high speed, 
precision testing of a wider range of electrical 

components, giving you a better return on investment. 
In addition, you can bundle each member of the 

SourceMeter family with a broad selection of compatible 
accessories, including switching systems. The result 

is complete, efficient, mUlti-point solutions 
for production testing or off-line characterization. 

For your free brochure, contact Keithley today. 

"' ...... :)~t\48·~6;····· ... 
<§i>"\~'\.\ .... 

_"ffi~ , 
C . 
~ 
c; KEITHLEY 

Specifications 
Dynamic Range 1 year basic accuracy: 

2400 2410 2420 Max system speeds: External interface: (5 '/.-digit resolution) 

Voltage :t200V :tllooV :t60V Pass/fail = 500,..s IEEE-4l!8 (SCPJ) ¥Oils 0.01% 
Current :tIAl20V :tIAl20V :t3A120V To memory = soo,..s RS·232 Amps 0.02% 

:tlOOmAJ200V :t2OmA1l looV :tIAl60V ToIEEE·488 = lms Digital UO ohms 0.04% 

Power 22W 22W 66W Range change = 13ms Component handler 

Internally programmable measurement sequence up to 100 point>. 

For More Information Circle No. 471 
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This panoramic view of the surface of Mars was taken by the 
Imager for Mars Pathfinder (IMP) from July 11 to 13. Different 
regions were imaged at different times over the three 
Martian days to acquire consistent lighting and shadow con
ditions for all areas of the panorama. This image is only a 
sample of the massive amount of data sent back from 
Pathfinder during one of the most successful missions in 
NASA history. Part of that success was due to the commercial 
products and technologies used to design, build, and operate 
the Pathfinder and its Sojourner rover. See Application Briefs 
beginning on page 20 to learn how NASA used some off-the
shelf products to get to Mars. 

(Image courtesy of NASA's Jet Propulsion Laboratory) 
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Nonlinear Dynamic Analysis for VirbJal Engineering that's: 
1. As EASY as Linear Static Stress Analysis 
~. At Linear Stress Pricing Levels 
3. Fully Integrated with your CAD Station Video indudes 18 action 

packed minutEs ri real
t1.ccupak/VE from Algor is the nonlinear dynamic analysis soft- world examples mmbined 
flare that's as easy to use as regular linear stress analysis while with Algor FEA demon
:>roviding advanced solution technology. Its ease-of-use, strotions. See Acrupak/VE 
3ffordability, and compatibility with Pentium computers and in action. CD indudes a 
nainstream CAD systems make Accupak/VE ideal for everyday rnmplete version of 
engineering. Engineers can learn it quickly and easily with the =~ i~ ~ 
lelp of Docutech-Technical Documentation On-line Information software you can by. 

~esou~e. I-"~~"~"~~"~"~~~"~"~~~~~~~~"~~====::::~~~~ 
I ' '.~ 4 ways to get your free demo video and 

1) Call: 1 (412) 967- 7 3) E·mail to: In o@ Igor com 
2) iWW.ALGOR.COM 4) Complete this form and fax to: 

+1 (412) 967-2781 
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_________ Company 

______ StatelProv. 

When the Engineering 
Has to be Right 

Algor.lnc_ 
150 Beta Drive. Pittsburgh, PA 15238-293: 

USA 
Phone: +1 (412) 967·2700 

Fax: +1 (412) 967·2781 
California: +1 (714) 564-0844 

Europe (UK): +44 (1) (784) 442 246 
E-mail: info@algor.com 



Contents continued 

68 

68 

70 

70 

72 

72 

74 

Materials 

Improved Oxidation-Resistant SiCl(SilSiC) 
Composites 

High-Strength, Hydrogen-Resistant Alloy 

Lightweight Panels With Embedded 
Perpendicular Metal Pins 

Coating Fibers With Ceramics by 
Use of Slurries 

Sputtered AuiCr Bilayers as Solid Lubricants 
on Alumina 

Carbon Papers for Negative Electrodes in 
Lithium Cells 

78 Computer Software 

78 Optimizing Program Does 
Feasible-Directions Gradient Search 

78 

78 

80 

81 

81 

Algorithm for Lossy/Progressive/Lossless 
Image Compression 

Prototype Distributed-Visualization 
Software System 

Predicting Performance of a 
Nickel/Cadmium Power Cell 

Mechanics 

Digital Particle-Image Velocimetry 
Enhanced by Fuzzy Logic 

84 Solenoid Valve Modified To Prevent 
Leakage During Vibration 

86 

86 

88 

Manufacturing/Fabrication 

Arc-Burn-Suppression System for Manual 
Resistance Welding 

Forming Waveguide-Cooling 
Jackets by Extrusion 

Thi! document was prep=d under the sponsorship of the ational Aeronautics and 
Space Administration. either Associated Business Publications Co., Ltd. nor the 
United States Government nor any person acting on behalf of the United State 
Government assumes any liability resulting from the use of the information contained 
in <hi! document, or warrants that such use will be free from privately owned rights. 
The U.S. Government does not endorse any commercial produCt, process, or activity 
identified in this publication. 

Permissions: Authorization to photocopy items for internal or personal use, or the 
internal or personal use of specific clients, i! granted by Associated Business 
Publications, provided that the flat fee of $3.00 per copy be paid directly to the 
Copyright Clearance Center (21 Congress SL, Salem, MA 01970) . For those organiza· 
tions that have been granted a photocopy license by eee, a separate system of payment 
has been arranged. The fee code for users of the Transactional Reporting Service is: 
I 0145-319XI94 $3.00+ .00 

89 

89 

90 

98 

98 

98 

Mathematics and 
Information Sciences 

Computing Optimal Vibration-Sensor 
Configurations 

Facilit ies Project Management System 

Books & Reports 

DLS Sizing of Particles in Hanging 
Liquid Drops 

X-Ray-Based Strain Measurements 
at High Temperatures 

Special Supplements 

On the cover: 

Laser Tech Briefs 

Follows page 80 in selected 
editions only. 

Hot Technology File 
1998 Resource Guide 

Pages 1 H-32H 

Shown is a portion of a Bombardier Skidoo turbine assem
bly created with Euclid Designer software from Matra 
Datavision, Andover, MA. The software allowed each indi
vidual part in the assembly to be made transparent, 
enabling the user to see objects that would otherwise be 
hidden. Automatic exploding and remounting features 
allowed the assembly to be "pulled apart" before being 
remounted. For more information on this program, as well 
as other design software, see the Special Focus on Design & 
Analysis Software beginning on page 38. 

(Image courtesy of Matra Datavision) 
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A common software environment enables 
key players to operate as a team. 

For the aerospace industry, that platform is 
Satellite Tool Kit (STKt 4.0. Its easy-ta-use 

graphical user interface displays complex 
relationships to all project members, whether 

across the hall or across the country. 

" ... you won't find many companies turning 
an established, $10,000 revenue producer 
into a freebie. " Thomas Petzinger, Jr. 

The Wall Street Journal 

With everyone on the same page 
and speaking the same language, 

satellite analysis has never been easier. 
Built to address all phases of a 

mission's life cycle, STK is the only 
commercially-available tool of its kind. 

~Omml]lljcate. 
STK from Analytical Graphics, Inc. 
has over 8,500 professional users in 
civil, military, commercial and educational 
organizations worldwide. 

Install and run STK 4.0 today. Download 

your free fully-functional copy at 

http://www.stk.com or call for a 

FREE CD ROM and permanent license: 

ABSOLUTELY FREE 
PERMANENT LICENSE 

1-888-ASK-4STK 
1-610-594-6939 

ANALYTICAL GRAPHICS, INC. 
325 Technology Drive, Malvern, PA 19355 (USA) 
PHONE: 1-610-578-1000· FAX: 1-610-578-1001 
EMAIL: info@stk.com • WEB: www.stk.com 



CONVERT 
COMPUTER 
GRAPHICS 

TO VIDEO 

RG B/Videolinke 

VIDEO SCAN CONVERTERS 

Up to 1600 x 1280 pixel input 

Analog output / NTSC, PAL, S-Video, CAV 

Digital output / CCiR 601 Flicker f ilter 

Autosync Video overlay Pan & Zoom 

Simple external connections 

SPECTRUM e 

A visual communications company '· 

950 Marina Village Parkwa y A lameda, CA 94501 
Tel: (510) 814-7000 Fax: (510) 814-7026 
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At a corrugated paper mill in Newport, Indiana, a stretch of white water was sending 

bearings to an early grave. Bathed in corrosive liquid, bearings were failing at a rate 

of one every four months. But Torrington had a solution: Thin Dense Chrome. TOC'" 

coated bearings offer superior performance by resisting rust and corrosion in harsh 

environments. Inland Paperboard and Packaging estimates TORRINGTON 

that TOC saves their Indiana mill over $100,000 a year. We're not asked to INGERSOLL-RAND 
take on the world every day, but when we are, we dive right in. Progress Through Performance 

www . torr l ngton . com 



NASA 
Commercial 
Technology 
Team 

NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA's 
national network of commercial technology organizations. The network includes ten NASA field cen
ters, six Regional Technology Transfer Centers (RITCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area. 

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

Ames Research Goddard Space Johnson Space Langley Research Marshall Space 
Center Flight Center Center Center Right Center 
Selected techno- Selected techno- Selected techno- Selected techno- Selected techno-
logical strengths: logical strengths: logical strengths: logical strengths: logical strengths: 
Fluid Dynamics; Earth and Artificial Aerodynamics; Materials; 
Life Sciences; Planetary Intelligence Flight Systems; Manufacturing; 
Earth and Science and Human Materials; Nondestructive 
Atmospheric Missions; LlDAR; Computer Structures; Evaluation; 
Sciences; Cryogenic Interface; Sensors; Biotechnology; 
Information, Systems; Ufe Sciences; Measurements; Space 
Communications, Tracking; Human Space Information Propulsion; 
and Intelligent Telemetry; Flight Operations; Sciences. Controls and 
Systems; Command. Avionics; Sensors; Dr. Joseph S. Dynamics; 
Human Factors. George A/com Communications. Heyman Structures; 

Bruce Webbon (301) 286-5810 Hank Davis (804) 864-6006 Microgravity 

(650) 604-6646 ga/com@gsfc. (113) 483-0474 j.s.heyman Processing. 

bwebbon@mail. nasa.gov hdavis@gp101.jsc. @/arc.nasa.gov Sally Utt/e 

arc.nasa.gov nasa.gov (205) 544-4266 
Jet Propulsion sally.litt/e@msfc. 

Dryden Flight laboratory Kennedy Space nasa.gov 
Research Center Selected techno- Center lewis Research 
Selected techno- logical strengths: Selected techno- Center 
logical strengths: Near/Deep- logical strengths: Selected techno- Stennis Space 
Aerodynamics; Space Mission Environmental logical strengths: Center 
Aeronautics Engineering; Monitoring; Aeropropulsion; Selected techno-
Flight Testing; Microspacecraft; Sensors; Corrosion Communications; logical strengths: 
Aeropropulsion; Space Protection; Energy Propulsion 
Flight Systems; Communications; Bio-Sciences; Technology; Systems; 
Thermal Testing; Information Process Modeling; High Test/Monitoring; 
Integrated Systems; Work Planning! Temperature Remote Sensing; 
Systems Test Remote Sensing; Control; Materials Nonintrusive 
and Validation. Robotics. Meteorology. Research. Instrumentation. 

Lee Duke Merle McKenzie Gale Allen Ann Heyward Kirk Sharp 
(805) 258-3802 (818) 354-2577 (407) 867-6626 (216) 433-3484 (601) 688-1929 
duke@iouie.dfrf. merle.mckenzie@ ga/eallen-1@ cto@ ksharp@ 

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

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

Joseph Allen Dr. William Gasko Gary Sera Chris Coburn 
National Technology Center for Technology Mid-Continent Great lakes Industrial 
Transfer Center Commercialization Technology Transfer Technology Transfer 
(800) 678-6882 Massachusetts Center Center 

Technology Park Texas A&M University Battelle Memorial 
(508) 870-0042 (409) 845-8762 Institute 

Ken Dozier (216) 734-0094 
Far-West Technology J. Ronald Thornton Lani S. Hummel 
Transfer Center Southern Technology Mid-Allantic Technology 
University of Southern Applications Center Applications Center 
California University of Florida University of Pittsburgh 
(213) 743-2353 (904) 462-3913 (412) 383-2500 

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

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

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

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

Philip Hodge 
Office of Space Flight 
(Code M) 
(202) 358-1417 
phodge@osfms1.hq. 
nasa.gov 

Gerald Johnson 
OHice of Aeronautics 
(Code R) 
(202) 358-4711 
gjohnson@aeromail. 
hq.nasa.gov 

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

Bert Hansen 
Office of Microgravity 
Science Applications 
(Code U) 
(202) 358-1958 
bhansen@gm.olmsa. 
hq.nasa.gov 

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

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

Dr. Jill Fabricant 
Johnson Technology 
Commercialization 
Center 
Houston, TX 
(713) 335-1250 

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

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

Dan Morrison 
MissiSSippi Enterprise 
for Technology 
Stennis Space 
Center, MS 
(800) 746-4699 

If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis Center, (505) 277 -3622. 
For software developed with NASA funding, contact the Computer Software Management and Infonnation 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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Style and Pu rpose 

RUGGED EXPANDABLE PORTABLE COMPUTERS 

Dolch Rugged Portable Computers span the widest range 

of performance and expandability available anywhere in the 

industry. Designed to perform while surviving the harshest of 

environments, the PAC'''', L-PACTM and MegaPAC"" families offer 

multiple ISNPCI expansion slots, configurable peripheral bays 

and a wide range of power supply and keyboard options. Dolch 

leads the industry with the only Pentiume II portable, ultra-bright 

anti-reflective flat-panel TFT screens and handsome functional 

style. Choose from the industry's broadest range of configurations 

to fit any application. 

o Add-In Card Expansion from two lSA to five ISNPCI 
or ten ISNPCI, fulllength/full-height expansion slots. 

o Hi-Brightness Anti-Reflective VGA, SVGA, XGA 
display screens in lOA" and 12.1" sizes with RGB option. 

o Certified CPUs from 486-100 to Pentiume 233 MMX to 
Pentium~ Pro/Dual Pentiume Pro 200 to Pentiumt» II 266. 

o Waterproof Keyboard Option, AC/DC and medical 
power supply options, special configurations 
and certification programs. 

800.995.7580 - www.dolch.com 

DOlCH COMPUTER SYSTEMS, INC. • 3178 LAURElVIEW COURT FREMONT, CA 94538 • TEl: 510 661 2220 • FAX 510.490.2360 

For More Information Circle No. 512 



Get l"'ftlV'l~. 
With NEW 
HiQTM 3.1 

Solve real-world 
problems through 
interactive analysis, 
data visualization, and 
report generation in a 
single, intuitive HiQ 
environment. 

• Powerful math 
and data 
analysis functions 

• OpenGL 3D data 
visualization 

• Interactive technical report 
generation 

• Problem Solver notebooks 
• OLE connectivity with 

Microsoft Office 

• Intelligent data 
import/export wizards 

• ActiveX technology 
• HiQ-Scripf programming 

language for analysis 

• Add-on analysis toolkits 
• Direct link to LabVIEW for 

data acquisition 

For your FREE 

HIQ evaluation 
software kit, call 
(800) 661.-6063 
(u.s. MId Can"".) 

~NATIONAL 

'-1t;a.!!!~~~!}': 
u.s. CofporaIe ~ 
Tel: (512) 7940100 • Fax: (512) 7948411 
nfo@natinst..C: • 'M'IW.railstoom 
__ d,*"",ofIIres1l1d-....s. 

o ~ 1m NIlIonII htn..merIs CorponJuon. M IWU 
rneMC1. Product ...:fcarr'¥*T(A8ITIeI IIIled Ire ~ 
ortradel'tlr'*cllheir~~ 

For More Information Circle No. 409 

fiil~~ENTS 
Ouer lhe past th'IU dtcades, I'I.SA has granted more than 1000 patent licenses in virtuaUy every area 
of technology. The agency has a portfolio of 3000 patents and pending applications available now 
for license by businesses and individuals, including these recently patented inventions: 

Pulse-Echo Ultrasonic 
Imaging Method for 
Eliminating Sample Thickness 
Variation Effects 
(u.s. Patent No. 5.629,865) 

Inventor: Don J. Roth, Lewis Research 
Center 

This method for nondestructive ultra
sonic evaluation of materials measures 
velocity using a single transducer pul e
echo immersion system, automatic can
ning, and digital imaging, providing a 
video image of the sample in color or 
gray scale that is a map of a material 
property such as porosity fraction. In the 
immersion method, the material to be 
evaluated is surrounded by a liquid and 
positioned over an acoustic reflector that 
is also immersed in the liquid. An ultra
sonic wave of a known frequency is trans-
mitted through the liquid and four sepa
rate echoes are recorded and evaluated 
at each scan point. Each echo is received 
as an analog waveform that is digitized 
and stored in a computer. Before the 
evaluation scans, nonlevelness and sam
ple thickness variations are accounted 
for and eliminated by pre-scans to insure 
that the received reflections or echoes 
are within their set time windows to pro
vide a complete waveform for evaluation 
and cross-correlation to accurately 
obtain the time-delay data used in calcu
lating the velocity values. 

For More Information Circle No. 765 

Quick-Connect Bolt 
(US Patent No. 5,634,754) 

Inventor: Bruce Weddendorf, 
Marsha ll Space Fl ight Center 

The present invention can replace 
standard bolt-like fasteners in connec
tions where it is difficult to initiate 
threaded contact without cross-thread
ing - i.e ., stripping - the threads or 
where conditions do not permit enough 
rotations for conventional tightening. 
The bolt is simply pushed into a female
threaded receptacle without rotation 
until a driving element prevents addi
tional in ertion. The element is 
attached to a shank tapered toward its 
head end, and terminating in a flange . 
As the bolt's threaded sleeve slides 
along the tapered shank to the head 

www.nasatech.com 

end, a coil spring around the tail end 
pushe against radial springs, which 
contract the threaded leeve, forcing it 
to expand into the receptacle threads. 
The flange confine the threaded sleeve 
to the shank, and a key-in-groove system 
transfers torque from the shank to the 
threaded sleeve. ow the quick-connect 
bolt can be tightened in the usual man
ner with very little rotation. 

For More Information Circle No. 766 

Polarization Independent 
Electro-Optic Modulator 
(u.s. Patent No. 5,654.818) 

Inventor: Xiaotian Steve Yao, Jet 
Propulsion Laboratory 

For advanced communications systems 
fiber optic cable systems promise to deliv
er adequate data bandwidth. But they 
require inexpensive and reliable optical 
transmitters (modulators) and receivers 
(demodulators). The most promising 
modulators are such electro-optic 
devices as Mach-Zehnder waveguide 
modulators, in which an input laser 
beam signal is separated into two. An 
electric fie ld modifies the optical path 
length of one of them, thus phase-modu
lating that signal. At the output end the 
two signals are recombined and their 
interference converts the phase modula
tion into amplitude modulation. 
Unfortunately, current electro-optic 
modulating devices are extremely sensi
tive to the polarization plane of incom
ing light, necessitating ultra precise align
ment of the laser to the modulator and 
extreme stability. The invention modu
lates a light beam without sensitivity to 
the polarization plane of the input beam. 
A beamsplitter separates the incoming 
beam into two orthogonally plane-polar
ized beams. Each beam then passes 
through a separate electro-optic modula
tor and is modulated by the same data 
signal. After modulation they are recom
bined to yield a beam whose modulated 
components are orthogonally polarized. 

ot only is this device insensitive to 
changes in polarization of the input 
beam, but the fmal beam can be detect
ed by demodulators without regard to 
polarization alignment of the modulated 
beam and the receiver. 

For More Information Circle No. 768 
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Results. Our production solid modeling solutions help thousands of customers 

worldwide operate more efficiently with faster time-to-market - from Alcoa in the US 

to Sindo-Ricoh in Asia. With this kind of success, it should come as no surprise that 

SolidWorks experienced the best first year of any CAD company in history, with more 

first year revenue than PTC and Autodesk - combined. 

Why the move to SolidWorks? We provide the highest quality solid modeling and 

mechanical design solutions in the market. Bar none. Our products are consistently 

released on time. They move our customers quickly into production. And offer WindowS-

native ease-ot-use, 100% editability for design flexibility, and productivity gains up to 60%. 

All for only $3,995 (USDt 

Experience the power of SolidWorks today. 

SolidWorks 97Plus. Available Now. 
Optimized performance for drawings, parts and assemblies; unequaled 
ease-of-use; productivity tools and more. 

'lI1IematioI1aI. SoIidWIIIcs Is priced locally. 0 Ccpyright 1997 SoIiclW<lrQ Corp(ratlon. M rights reserved. SoftdWol1<s Is a 1Iademar1< 
01 ScIidYIor1(s Corporation. All oIher company and product names are trademarI<s or regls!ered trademarI<s oIlheir respediYe _ 
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What's New On-Line 
For tho e of you who have not yet visited the 

\1SA Tech Briefs web site at www.nasatech.com. 
you're mis ing some exciting new features. 
• Our enhanced web page now includes a 

revamped Technical Support Package (TSP) 
area, making it easier to download, free of 
charge, the additional information available from 
NASA for the tech briefs featured in each issue. 
Users have a cboice of downloading the TSPs 
directly onto their computers or opening them 
immediately with Acrobat Reader. The TSPs are 
in PDF format and do require a PDF viewer. 

• You may not know that you can renew or 
begin your subscription to NASA Tech Briefs on 
our web site. Go to the borne page and pro
vide the information requested for new or 
renewing subscribers. 

• This month, we ask you to vote for the third 
annual Readers' Choice Awards for Product of 
the Year. In addition to the fax-back ballot on 
page 18, we also offer the opportunity to vote 
on our home page. Please make sure you cast 
your vote - by mail, fax, or on the web - by 
January 20. Check out our March i sue for the 
announcemen t of your winners. 

• Beginning in January, you'll be able to order 
information from advertisers on-line in our 
electronic Reader Service Center, and search 
advertised products by category. 

Product of the Month 

--------

NASA Turns 

Invention Machine Corp. , Bo ton, 
MA, has introduced IM-Phenomenon~ 
Professional Edition software that cre
ates and analyzes new concepts. The soft
ware aids engineer at all levels and 
across all industries in developing new 
design and solving complex technical 
problems. Compatible with Windows 
95/ NT, 1M-Phenomenon uses artificial 
intelligence to suggest and link effects. 
The knowledge base of 1,000 scientific 
effects, more than 1,000 engineering 
examples, and 3,400 animation se
quences provides descriptions and ani
mated depictions of effects and their 
advantages. The software will suggest an 
effect or combination of effects that 
meet the user's needs, and will provide 
formulae , linlltations, necessary materi
als, references, and real-world examples .. 
as well as displaying two animated dia~ 
grams (micro and macro views) to show 
the effect in action. 

For More Information Circle No. 795 

J oin us in celebrating NASA's 4Otl1 

Anniversary in 1998. The J anuary issue of 

NA Tech .Briefs will begin a year of 

celebration as we look bac each month at 

a different area in which ASA has had 

significant past accomplishments, current 

and emerging successes, and spinoff 

technologies that have impacted business 

and affected our everyday life. Read about 

16 

NASA spinoffs in the 

area of Consumer 

Products in the 

J anuary issue. 

Reader Comments 
"We are looking for information on Theory of Inventive Problem

Solving (TiPS/TRIZ) methodologies with the goal of applying this 
approach to our product development process. Our research group is 
particularly interested in reference literature describing the theory and 
application of the concepts and tools involved, such as function analysis 
and Altshuller's Matrix. Any suggestions on where to locate such 
information would be appreciated." 

Mike Demchak 
Preferred Technical Group 
Rochester Hilb, MI 
mdemchakOptgcorp.echlin.com 

(Editor's Note: Mike, you lre in luck. Dr. Valery Tsourilwv deuellJped the CO'TU:e/Jf 
of Computer-AUIed Innovatiun in 1982 by integrating artificial intell.igena with 
TIPS/TRIZ. The company he founded, Invention Machine Corp., Boston, MA, 
offm a nUm«r of technical probIem-solving sojtvJam paclcages inan'Porating this 
technolbgJ. The newm - IM-Pherwmenun- - happens In be our Product of the 
Munth (see description above). You can contact Invention Machine at 200 
Portland St., Boston, MA 02114; Tel: 617-305-9250; Fax: 617-305-9255; 
e-mail: info@invention-machine.cmn; www.invention-machine.com) 
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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. 

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. 

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

MAnlBY 

SIMULINKe 

www.mathworks.com/ntb 
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Cast You lit te for 

TECH BRIEFS 
Third Annual Readers' Choice Awards 

Each issue of ~SA Tech Briefs highlights a Product of the 
Month - a new product with exceptional technical merit 
and practical value to our more than 200,000 engineering 
and management readers. 

Thi month, ~SA Tech Briefs readers are invited to vote 
for the one product among those highlighted throughout 
the year that you feel was the most significant new prod. 
uct introduced for the engineering community in 1997. 
The product with the most votes will be named NASA Tech 
Briefs 1997 Readers' Choice Gold Medal Wmner for 
Product of the Year. The products with the second and 
third highest number of otes will be awarded, respective. 
Iy, Silver and Bronze Awards. 

Last year, NASA. Tech Briefs readers awarded the Gold 
Medal honor to Knowledge Revolution for Working 
Model 3D'" virtual prototyping and design software. 

Here is your chance to choose this year's winners. On the 
facing page are descriptions of each of the Products of 
the Month. Choose the one product you feel should 
receive Product of the Year honors. 

-._::::::==, All baIlotI teCf.':'l'9Cd by the deadline 
date.u be eJ9.ble for a random 
~ to 'fJlluaWe pmes, 
iilc:blding 97PIua SD 
mec:hanicaI IOf\:Ware from 

~~==~. SolidWoJ:b Corp .. CorKord. a 
previous Gold daI mner. This fourth release of the 
Wmdowa-native sOftIVate featur more than 160 enhance
men and extended Internet support.. 

You can cast your vote in one of three ways: 
• Vuit the NASA Td Briefs web site at www: .peetedt com 

and indicate your choice on the Product of the Year 
ballot; 

• Complete the ballot below and fax it to 212-986-7864; or 
• Mail it to: Product of the Year, rASA TIt:h Br;,fs, 317 

Madison Ave.. ew York. NY 10017. 

Your completed baBot must be rec:eited by January 20, 1998 
for your vote to be couatecL 

The Readers' Choice Award winnen will be announced in 
the March 1998 issue. 

r------ ------- ----------------------------

I 
I 
I 
I 
I 
I 
I 

I 
! 

1997 NASA Tech Briefs Readers' Choice Product of the Year Ballot 

Nrune: ____________________________________ __ 

Company: 

Addre~: __________________________________ __ 

Ci~: --------------------------------------

State: Zip: __________ _ 

Phone:____________________ Fax: ____________ _ 

E-mail: __________________________________ __ 

Check only one box 

O January: Racal Recorders - Racal-Heim DATaRec A60 
instrumentation recorder 

o February: The MathWorks - MATlAB 5 technical 
computing software 

o March: Gage Applied Sciences - CompuScope 8500/pCI 
data acquisition system 

o April: National Instruments - DAQ Instruments 
instrumentation computer interfaces 

o May: Baystate Technologies - CADKEY'" 97 mechanical 
CAD software 

O June: Keyence Corp. of America - CV Series compact 
machine vision system 

O July: SoftSource - Vdraft'" AutoCAD-based CAD software 

o August: Polytel Computer Products Corp. - DraftPAD 
programmable touchpad for CAD applications 

o September: Hewlett-Packard - Infinium family 
of oscilloscopes 

o October: Manufacturing and Consulting Services - Anvil 
ExpressN CADD/ CAM software 

o November: Cad.Lab - Eureka Gold 97 mechanical 
CAD software 

o December: Invention Machine Corp. - IM-Phenomenon'" 
problem-solving software I 

I 

L ___ _ I 
I 

-----------------------.1 
18 www.nasatech.com NASA Tech Brie&, December 1997 



Product of the Year Nominees 

. Jllfll - ..... . 
- ~ .... . 

The Racal-Heim 
DATaRec A60 Re
corder from Racal 
Recorders, Irvine, 
CA, is a six-channel 

DAT/DDS-2 instrumentation recorder for 
portable or standalone use. The analog input, 
digital recording/replay system features a maxi
mum 125 kHz system bandwidth and provides 
two or more hours of continuous recording with 
greater than 90 dB signal-te-noise ratio. Each of 
the six channels is compatible with both con
ventional voltage and ICP sensor inputs, has 
user-selectable backwidth up to 25 kHz, and 
has ten input and three output ranges. 

National Instruments, 
Austin, TX, offers the 
DAQScope-, DAQ
Meter-, and DAQ
ArbN PCI, ISA, and 
PCMClA instrumenta

tion computer interfaces that are compatible 
with Windows 3.1/951NT. The series includes 
the VirtualBenchN Scope, VirtuaIBench-DMM, 
and VirtualBench-Arb virtual instruments, 
which work with application software packages 
such as labVIEW". Users can build instruments 
with Internet connectivity that can send e-mail 
and interface to Microsoft Word and Excel. 
Drivers are available for C/C ++ and Visual Basic. 

VdraftN AutoCAD
drawing-based 
CAD software 
from SoftSource, 
Bellingham, WA. 
is the first pro
gram produced 

outside of Autodesk that can create and edit 
AutoCAD drawings and DXF files in their native 
format with no translation. The Windows 9S1NT 
program allows hundreds of drawlOgs to be 
viewed and edited simultaneously, each in theIr 
own window. Commercal plug-In versions of 
the Vdraft Internet Tools are included for DXF, 
DWG, andSVF. 

Anvil Express
CADD/CAM 
software for 
Windows from 
Manufacturing 
and Consulting 
Services, Scotts

dale, Al, includes the SolidWorksN solid model
er for parts and assembly modeling, multiple
surface milling, tool path simulation and verifi
cation, and Autosnap-3-DTM technology that 
automatically generates solid models from 2D 
geometry. Other features include multimedia 
tutorials; and parametric, surface, and wire
frame modeling. 

1ecb Brie&, December 1997 

The MathWorks, 
Natick, MA, offers 
MATLAB 5 technical 
computing soft
ware, which pro
vides a single envi

ronment for analysis, visualization, modeling, 
simulation, and large-scale application devel
opment and deployment. New features 
include support for multidimensional arrays 
and user-definable data structures; language 
enhancements; realistic 3D visualization 
graphics; and application development tools. 
It is available for Windows 951NT, Macintosh, 
Power Macintosh, and UNIX platforms. 

.,. . ..•. . "-
. . ~ . i 

CAD KEY- 97 me
chanical CAD soft
ware for Windows 
4.0/95/NT from 
Baystate Technol-
ogies, Marlbor
ough, MA, com

bines wireframe modeling with ACIS· solid 
modeling, allowing import or export of 2D!3D 
data to other CAD/CAM/CAE applications sup
porting the ACIS solid model kernel. The soft
ware converts wireframe to a solid model; con
structs solids such as blocks, cones, and cylin
ders; and applies extruding, sweep, or revolving 
geometry into a solid. 

Polytel Computer Products 
Corp., Sunnyvale, CA, offers 
DraftPAD, a programmable 
touch pad for computer key
boards that customizes 
computer-aided design 
(CAD) applications. Avail
able in 176-key and 300-key 

models, the touchpad incorporates multiple 
macros per key to eliminate repetJ1:ive keystrokes, 
and is supplied with pre-programmed macro files 
for popular design software. The unit works with 
the computer's operating system rather than the 
application program, and can be moved from 
one computer to another. 

Cad. Lab, Santa Clara, 
CA, offers Eureka Gold 
97 3D mechanical de
sign software operating 
in a native Windows 
environment. Features 
include integrated con

ceptual desIgn, engineenng, and documenta
tion that allow users to design within a single 
software environment. Surfacing capability for 
styling and concept design phases is integrated 
with 3D solids modeling. Product data man
agement is enabled using the optional 
TeamManager™ through support of relational 
data management systems such as Oracle. 

The CompuScope 
8500PC1, a PCI
based multi-me
gahertz data ac
quisition system 
from Gage Ap
plied Sciences, 

South Burlington, VI. can transfer AID data to PC 
memory at speeds of up to 100 MBlsecond. It 
features a sample rate of 500 million samples per 
second for on-shot signals, storing the digitized 
data in onboard memory. PCI bus interface, 
eight-bit vertical resolution, up to 2 megasamples 
of memory, and drives for DOS, QNX, and 
Windows 3.1/95/NT are featured. 

Keyence Corp . of 
America, Woodcliff Lake, 
NJ, offers the CV Series 
Compact Vision System, a 
handheld machine vision 
system that provides a 
processing time of 1/60 
sec., resolution of 
240,000 pixels, 1/10,000 

sec. synchronizing shutter, illumination adjust
ment, auto tracking, pattern matching, and 
gray search. Four image processing modes are 
available: area detection, pattern matching, 
absolute position detection, and relative posi
tion detection. 

Hewlett-Packard, 
Palo Alto, CA, 
offers the In
finium family of 
oscilloscopes with 
bandwidths from 
500 Mhz to 1.5 
Ghz; maximum 

sample rates per channel of 1 Gsa/s, 2 Gsa/s, 4 
Gsa/s, and 8 Gsa/s; and memory depth of 32K to 
64K1channel. The Instruments provide users with 
an analog-like front panel, a Windows 95-based 
graphical user interface, and a built-in informa
tion system. Features Include separate scaling 
and positioning controls for each channel. 

Invention Machine Corp., 
Boston, MA, offers IM
Phenomenon- Profes
sional Edition software 
that creates and analyzes 

new concepts. The Windows 95/NT software 
uses artifidal intelligence to suggest and link 
effects. The knowfedge base of 1,000 scientifK 
effects, more than 1,000 engineering examples, 
and 3,400 animation sequences provides descrip
tions and animated depiction of effects and their 
advantages. The software will suggest an effect 
or combination of effects that meet the user's 
needs, and will provide formulae, limitations, and 
real-world examples. 
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At 10:07:25 a.m. Pacific Da)'light Time (PDT) ooJuly 4, 1997, Mars Pathfinder successfidIy kuuled 00 the surface of 
Mars, marking NASA's return to the Red Planet more than 20 yean after the Vilring I and II missions. NASA rereived 
instantaneous confirmation that Pathfinder had landed ~p 00 its base petal. The craft and its Sojourner rover 
then waited for the Martian sunrise 1n order to power up and begin tmnnnilting data and i~ bad to Earth. And 
transmit they did. In fact, the Pathfinder lander operated nearly three timellonger than its derign lifetime of 30 days, and 
the rover ofert!t!!d 12 times longer than its design lifetime of seven days. ~ operaton at NASA's Jet PropulsUm Lab 
(/PL) received the last mcceuful data transmission 00 September 27. The Pathfinder, in its 83 days of operation, returned 
2.6 billion bits of information. 

The most mcceuful and highly publiciud NASA mission since ApoUo 11 landed 00 the Moon 28 years ago, Pathfinder 
represents the best of the "new" NASA - better, faster, and cheaper . than1u to the rue of commen:ial ofJfhe..shelJ producb 
rued in its oonstnu:tion and operation. Thirteen of tluJse products, the companies that supplied them, and their SPecific 
roles in the success of the Pathfinder mission are described Mre. 

Eagle-Picher Industries, 
Technology Division 
Joplin, MO 

P roducts manufactured by three different divisions of Eagle
Picher were chosen for use on the Pathfinder mission -

one to help it land on Mars, one to keep the craft powered, and 
one to help run the Sojourner rover. First, the Pathfinder was 
able to make a soft landing on the Red Planet with landing 
parachutes deployed with thermal batteries manufactured by 
the company's Federal Systems Department in Joplin. 

After landing, Pathfinder required constant electrical 
power to conduct experiments and communicate 
with Earth. The electrical power is generated by gallium 
arsenide (GaAs) solar cells supplied by the U.S. Air 
Force. Eagle-Picher's Environmental Science and 
Technology Department in Miami, OK, provided 
the germanium substrates used in growing the crystalline 
GaAs structures. 

Finally, the Sojourner Rover is powered by the same high
efficiency solar cells using Eagle-Picher substrates. Along 
with these substrates, the company's Commercial Products 
Department in Seneca, MO, supplied a lithium-thionyl chlo
ride battery back-up for the on-board electronics. 

For More Informat ion Circle No. 771 

Wind River Systems 
Alameda, CA 

The Pathfinder features a control system that must manage 
a complex series of functions, including controlling the 

craft's descent and trajectory, and maintaining ground opera
tions. Since it had to operate in a harsh environment, the sys
tem had to be rugged, reliable, and have efficient software 
code. An IBM RAD-6000 radiation-hardened PowerPC was cho
sen for the Pathfinder lander, and included VxWorks, the Wind 
River Systems real-time operating system. 

The VxWorks development tools already were running on 
the PowerPC, and the system provided portability. "It allowed 
us to utilize low-cost platforms with commercial components 
while the flight computers were being developed," said Lloyd 
Keith , a JPL engineer. More than 150,000 lines of code were 
developed on host systems ranging from SPARC workstations to 
a 68000-based VME board. 

Engineers were able to make modifications on the fly. "When 
your target is millions of miles away, that's an extremely impor
tant capability," said David Larrimore, vice president of mar
keting for Wind River Systems. 

For More Information Circle No. 783 

ILC Dover 
Frederica, DE 

A revolutionary, low-cost concept was initiated by JPL to 
enable Pathfinder to land safely on the rough Martian ter

rain. The method utilized a system of airbags that would pro
vide a cushioned landing instead of using retrorockets, which 
could have contaminated the landing site. 

lLC Dover, which designed and manufactured the Apollo, 
Skylab, and Space Shuttle space suits, worked with]PL to vaIi-

date the airbag concept in three months. The airbag system 
program that culminated with Pathfinder's flight took less than 
20 months, including mission-unique materials development, 
prototype fabrication and testing, full-scale development/test, 
qualification, and flight system phases. 

ILC subcontracted Thiokol Corp. for the gas generators used 
to in11ate the bags, and enlisted Rockwell International for val
idation of the predicted dynamic characteristics of the airbags. 
In conjunction with ]pL, lLC also managed NASA's Lewis 
Research Center's Plumbrook Station facilities for drop-test 
verification and inflation tests of the airbags. 

For More Information Circle No. 772 
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Mechanical Dynamics 
Ann Arbor, MI 

Engineer atJPL conducted exhaustive tests to detennine 
if the entry and landing systems for the Pathfinder craft 

would work as planned. JPL used ADAMS mechanical simu
lation oftware, which reveaJed that wind guSts and rocker 
braking forces could result in the entry pod swaying violent
ly as it parachuted through the Martian atmosphere. hThis 
was a major re\'elation," said Ken Smith, JPL's group leader 
for load and dynamics on the project. 

To demonstrate the swaying action and impact angles, 
engineers presented an ADAMS animated video of the 

descent at a pro
ject review meet
ing. "Mter see
ing the realistic 
ADAMS video, 
everyone knew 
immediately we 
had a problem," 
Smith said. 
Based on the 
ADAMS simula
tions. JPL engi
neers redesign
ed the para
chute bridle 
assembly to re

duce sway. adding extra layers of abrasion material to the shock
absorbing airbags. 

ADAMS also was used to analyze the separation of the entry 
pod from the cruise vehicle, the heatshield from the vehicle, 
and the lander from tbe backshell. JPL engineers ran 500 
ADAMS simulations using the Monte Carlo method of gen
erating random numbers. The method also generated a 
ground terrain model to represent the Martian surface. The 
simulations LOok about 750 CPU hours on Hewlett-Packard 
700 Series workstations. and produced important data on the 
altitude, trajectory, velocity, and impact angle of the lander, 
as well as forces on the parachute risers and drag lines. 

For More Information Circle No. 774 

Maxon Precision Motors 
Budiogame, CA 

Eleven miniature DC motors were used to power the 
Sojourner rover across the Martian landscape: one in each 

of the six drive wheels; fOUT to Sleer the rover; and one to 
deploy scientific instruments. Manufactured by Maxon, proto
types of the motors were supplied in 1993 to ]PL, which modi
fied the motors to function on the unique terrain of Mar . 

Each motor weighs only 38 grams, measures 16 x 41 mID, and 
has an ironJess rotor for smooth rotation, even at the slow, 3.3 
ft./minute travel speed of the rover. Low inertia and linear 
speed-torque constants enabled Sojourner to maneuver grades 
of up to 26 degrees. 

"Sojourner had to squeeze evel}' bit of solar power to perform 
its varied tasks," said Sam Robinson, executive .. ice president of 
Maxon Precision Motors. Rated at 3.2 "'''atts OUtput power and 86 
percent efficiency, the motors are designed to withstand temper
atures down to -100°C, according to Robinson . 

For More Information Circle No. 773 

Spacetec IMC Corp. 
LoweIl, MA 

F rom JPL, engineers were ",;rtually dri\;ng- the Sojourner 
rover oyer the swiace of Mar more than 45 IDillion miles 

away using dle Spaceball 2003 3D input control de\;ce. The 
sphere, which sits on the desktop, enabled Brian Cooper ofJPL 
o push fomard, pull back, or mist side-to-side, manipulating 

the movements of the rover with sLx degrees of freedom. 
Cooper worked with virtual reality models of Sojourner and the 
urface of Mars, using images from a stereo imaging system 

mounted on the lander. Using special battery-powered goggles 
tilat allowed him to see the Martian surface in 3D with stereo 
images presented to each eye (see n-Vi ion brieffollowing). he 
overlayed tile images with a 3D rendered model of tile rover 
and manipulated the model with the Spaceball 2003. 

Cooper programmed the rover's movements in much lhe 
same way animators create key frames in animation programs. 
"As I move the Spaceball around on the Mars surface images, I 
can tell that the rover is in a certain place," said Cooper. "I click 
on one of the Space ball programmable burtons and leave a 
'lawn dart' marking where I want tile rover to go. Once I accept 
these intermediate locations, they are organized in a sequence 
and the rover will go to these places," he explained. 

Cooper was able to generate an artificial terrain model based 
on the stereo linages and creale a "virtual camera" to view the 
l"OVer's journey from above, as well as examine obstacles from dif
ferent angles. He used the Space ball to position the aerial cam
era view, "then fly over the terrain from a position thal doesn't 
really exist" This enabled him to zoom in on objects for a closer 
look and identify terrain hazards that the rover needed to avoid. 

n-Vision 
McLean, VA 

For More Information Circle No. 779 

A variety of devices were used to "drive" the Sojourner rover 
over the Martian terrain. AtJPL, Brian Cooper used Virtual 

Binoculars from n-Vtsion. Similar lil appearance to a high-tech 
pair of binoculars, the goggles allowed Cooper to sit at bis con
sole and can the Martian landscape. The binoculars "give you a 

sense of spatial awareness that 
allows you to look around and 
feel like you are actually 
standing on Mars," according 
to Daryl Rasmussen of 
NASA's Intelligent Mecha
nisms Group. 

The lightw'eight binoculars 
were integrated with ad
vanced graphics computers 
and stereo cameras mounted 
on the rover. They provided 

realistic, high-resolution images of the Martian views captured by 
the cameras. 

"The use of immersive visual technology has been a big hit 
for the Pathfinder mission,» said Rasmussen . ~The ability to 
visually experience Mars in tile same manner that we experi
ence our world opens up new ways for us to acquire knowledge. 
We are now able to archive th.e science through a user interface 
that is natural," he added. 

For More Information Circle No. 775 
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SoMat Corp. 
Champwgn 

The air bags that cushioned the Pathfinder's landing were 
te ted with a rugged data acquisition system Oliginally 

developed for automotive crash testing. The bags had to keep 
impaclloading of the lander below 50 G during landing at a 
peed of up to 28 meters per second. The Denton-SoMat 

Intelligent Dummy Data Acquisition System (IDDAS) - devel
oped, built, and marketed jointly by SoMat and Robert A 
Denton Inc. of Roche ter Hills, MI - was designed originally 
to collect transducer data fmm instrumented dummies in auto
motive crash testing. The system acquires 39 charmels of data 
to evaluate the tests and is lightweight and self-contained. 

Evaluating the bag performance required the acquisition of 
a large amount of data, including 12 accelerometer channels, 

pressul"e and temperature channels for each of the [our bags, 
and forces on the 16 tendon straps that held each of the bags 
to the lander. The IDDAS, with a capacity of up to 48 data chan
nels per system, was selected because of its portability and its 
ability to withstand a 50-G impacl. 

The IDDAS was customized for the airbag tests, since it orig
inally was designed to rely upon the dummy as a heat sink. 
Since testing in a nearly complete vacuum eliminated the 
chance for convective cooling of the IDDAS electronics, radi
ant cooling was the only method of dissipating heat within the 
device. The system was programmed with a notebook comput
er by JPL engineers, and individual test set-up flIes were called 
up by technicians. 

For More Information Circle No. 778 

Spar Aerospace Ltd. 
Toronto, ON, Canada 

W hen the Pathfinder craft landed on 11ar , one of the 
first of ASA's concerns was whether its twO ramps 

(one fore and one aft of the spacecraft) would deploy prop
erly, allowing the Sojourner royer to descend onto the 
Martian surface. The ramps, designed and built by Spar 
Aerospace subsidiary Astro Aerospace, had to S\lrvi\-e 62 Gs of 
impact as the spacecraft bounced on its airbags on the plan
et's surface; operate in temperatures down to -110°C; and 
carry the weight of the rover as it descended. The combined 
weight of the two ramps was less than 2 kg. 

The I-meter-long ramps were released from their stowed 
position by the firing of explosive cable cutters. The technolo
gy that aUowed them to safely unfurl was first developed by Spar 
in the 1960s and has been applied to new space technologies 
over the past 40 years. Known as Storable Tubular Extendible 
Mechanism (STEM), the method compactly rolls up a steel 
tube, which then is deployed to its tubular forID. 

"These ramps were critical to the successful disembarkment 
of the rover," said David Masotti, president of Spar Space 
Systems. The contract for the design and construction of the 
ramps was about $400,000. 

For More Information Circle No. 780 

United States Air Force, 
Wright Laboratory 
Wright-Patterson Air Force Base, OH 

The Pathfinder spacecraft carried two payloads to Mars: 
the Sojourner rover and the lander. Both are powered by 

high-efficiency solar cells made of gallium arsenide (GaAs) 
on germanium and lithium thiorryl-<:Woride batteries. 

Developed by Wright Laboratory's Aero Propulsion and 
Power Directorate, the solar cells provided the rover with 
power for its computers, lasers, motors, and radio modem. 
Sojourner generated most of its power from a lightweight 
solar aTray - a flat panel mounted on top of the rover. 
Approximately 200 of the solar cells made up the rover 
array and another 2,500 comprised the lander's three trian
gular arrays. 

Each cell is very light, thin, and fragile - about the size 
and width of a razor blade. They are each connected electri
cally in combinations of series and parallel strings in num
bers sufficient to provide lhe necessary current and voltage
level outputs. To perform its normal activities, the rover 
required a nominal power supply of 16 watts. When there was 
no solar light, Sojourner used nine of the Wright Laboratory
developed D-sized non-rechargeable batteries. 

"The batteries can't be recharged so they were used spar
ingly, primarily during periods of low light or at night," 
according to Dr. James D. Scofield, research engineer with 
the Aero Propulsion and Power Directorate. The power gen
erated by the solar array and the batteries was distributed to 
provide more than 10 different voltage levels for various 
rover functions. 

Applied Solar Energy Corp. of Industry, CA, Was the 
contractor to Wright Laboratory for development of the 
solar cells. 

For More Information Circle No. 782 
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National Instruments 
Austin, TX 

E ngineers at JPL used LabVIEW" graphical instrumentation 
software to analvze and visualize dara from Sojourner. TIle 

system - dew loped on Macintosh computers and Windows PCs 
running on Sun SPAROaations - utilized six workstations mn
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ning programs devel
oped "'i th Lab\1EW, 
and enabled JPL sci
entists to analyze the 
po ition of the rover, its 
temperature, how much 
power remained in the 
rover's batteries, and 
monitored its overall 
health. 

LabVIEW's "virtual 
instmmentation" fea
ture ploned internal 
and external tempera
ture of the rover dUling 
morning, afternoon, 
and evening hours, as 

well as at sunrise, when the rO\'er began to power up for the day. 
TIle software also analyzed rover engineering data with several 
views of the rover, depicting the position of the arms, bogies, and 
mechanisms, and the state of the contact sensors. 

Finally, LabVIE\V analyzed the Sojourner data, providing 
overhead views of the landing site, as well as tho e taken by the 
rover as it moved across the terrain. The infOlmation displayed 
by LabVIEW was based upon the actual telemetry data acquired 
by the rover. 

For More Information Circle No. 776 

Teledyne Relays 
Hawthorne, CA 

From the early 
deep-space probes 

such as Voyager 1, 
Teledyne Relays has 
supplied Hi-Reliability 
relays to the space mar
ket. The same replays 
were used in the 
Pathfinder craft and 
the Sojoumer rover. 

Twelve magnetic 
latching high-shock 
relays, screened in 
accordance with a cus
tomer ource control 
drawing, were used in 
the Pathfinder's po\\'
er supply system. Six of the relays were used to operate the 
motor control system of the rover. 

The latching relays also were us.ed on the Mars Global 
Surveyor spacecraft, which entered orbit around :Ylars in 
September and will spend two years mapping the planet's sur
face and magnetic fields, relaying the data back to Earth. 

For More Information Circle No. 781 

Silicon Graphics 
Mountain Viewt CA 

T he valuable data and images of Mars that the Pathfinder 
and Sojourner ha\'e ent back to Earth is processed by 

Onyx2' \isualization supercomputers, two 02~, and eight 
OCTANE'" desktop workstations. WebFORCEe Origin200'" 
en'ers host the imeractive jPL web site and a Silicon 

Graphics mitTOr site that chronicled the landing. 
"The Mars Pathfinder project represents a milestone in hi -

tory that's comparable to landing on the moon three decade 
ago," said Robert Ewald, executil'e vice president of 
Computer Sy terns at Silicon Graphics. The systems have 
been used to analyze data, provide 3D interaction on the 
web, and navigate the micro rover. according to Ewald. 

The Sojourner and its 'urface instruments collected sam
ples LO investigate Mars' geology, geochemistry, soil, and 

atmospheric properties. An Onyx2 managed the processing 
and control functions required LO maneuver the rover. \Vhen 
image data from the rover's embedded cameras was returned 
to Earth, it was processed by the Onyx2 into a detailed 3D 
model of the Martian surface. The image data was overlaid 
onto the model to create a reali tic representation of the 
planet'S terrain. 

The WebFORCE server, hosting millions of hits per day 
early in the mission, also m,mages the dissemination of web 
site content to approximately 20 mirror sites. It includes ani
mated simulations of the landing and deployment of the 
rover, as well as an interactive VRML ite ,'.'here vi itors can 
drive a \irtual rover on a simulated surface of "lars. 

Fo r More Information Circle No. 777 
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The on Display 
In last nwnth s issue, we presented 

cutting-edge products and 

inventions that were on displa)· 

at Technology 2007, held in September 

in Boston. Here, in 

the second part of our show 

wrap-up, we highlight more of 

the exceptional technologies, 

companies, and individuals 

that made Technology 2007 

the ''Engineering 

Innovation Show. " 

They Came From Mars 

N ASA's cutting-edge technologie on display at the show 
didn't end with the weather-forecasting innovations 

achieved through Mission to Planet Earth (see NASA Tech 
Briefs, November 1997, p. 24). The ASA pavilion also fea
tured emerging technologies from the Mars Pathfinder. 
Developed at Jet Propulsion Laboratory, the home of the 
Pathfinder, the technologies are in various stages of develop
ment toward becoming licensable. Along with the following 
NASA-developed technologies, the Pathfinder mission made 
use of a variety of off-the-shelf commercial products, some of 
which are described in the Application Briefs beginning on 
page 20. 

JPL is exploring ways to commercialize Silica Aerogel 
Insulation , which was used as electronics insulation material 
in the Sojourner rover's warm equipment box. Since surface 
temperature on Mars plunge to -100°F at night, sensitive 
electronics needed to be kept at proper operating tempera
tures. Aerogel, one of the world 's best insulation materials, 
features a frothy molecular structure that gives it a density 
only a few times greater than that of air. Properly supported, 
it can bear up to 1,000 times its weight, giving it great 
promise for use in refrigerators, ice chests and coolers, and 
Thermos bottle . 

The unique rocker-bogie suspension of the rover provided 
exceptional stability and enabled it to negotiate rocks almost 
as high as the rover itself. The patented JPL suspension joins 
the three wheels on each side with only two swinging joints, 
and connects the bogie to the chassis at a single point- It com
bines independent drive and individual steering for each 
wheel. Applications for the technology include off-road all-ter
rain vehicles, handicapped assistance vehicles, search and res
cue vehicles, and robots for fire-fighting and defusing bombs. 

The 1997 NASA Software of the Year was awarded to a soft-

An artist's rendering of the Mars Pathfinder lander (back
ground) and the Sojourner rover (foreground). 

ware package used on the Pathfinder. DARTS (Dynamics 
Algorithms for Real-Time Simulation) , written by three JPL 
engineers ( ee NASA Tech Briefs, October 1997, p. 70), gen
erates real-time simulations to test and verify flight software 
and hardware. In addition to Pathfinder, DARTS has been 
u ed on the Galileo, Cassini, Stardust, and ew Millennium 
missions and has savedJPL an estimated 10 million. 

For 1TUJTe information on Mars Pathfinder technologies, contact 
the JPL Public Affairs Office at 818-354-7006 or visit the Mars 
Pathfinder web site at http://mpfwww.jpl. nasa.gov 
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Making Tech Transfer Work 

T he Technology 2007 conference program began its 
Tuesday sessions with a Plenary e sion that featured 

William eill, Collaborative Product Development Program 
Manager for Hewlett-Packard (HP) on "Making Technology 
Transfer Work for the Bottom Line: Key to Developing 
Effective, Su tainable Tech Tran fer Proce es." eill' pre
sentation focused on how to make the tech transfer process 
work across all technologies, markets, and customers, and 
Hewlett-Packard ' broad view of technology transfer. 

HP' approach to tech transfer is based on gaining a 
unique view of cu tomer needs and positioning itself for a 
competitive advantage. Having grown from an engineering 

focus, said eill, "our ap
proach naturally is based on 
scientific method. One of the 
significant parts of our tech
nology transfer process is 
something we call the 'Ten
Step Process.' It consists of 
data collection, analysis, plan
ning, and measurement." 

The Ten-Step Process con
sists of setting objectives, iden
tifying customers and how they 
buy, identifying competitors, 
and looking at the products, 
services, and financial re
sources that are required to be 
successful. Having learned what 

customers need, HP then looks at changing needs, growth 
trends, and opportunities for the future. "We have consistently 
focused on growing opportunities," Neill said, "and we consis
tently find ourselves one of the top respected companies for 
the quality of our products. This requires a significant change 
in how one views technology and their role in the 
technology transfer process." 

HP has learned a great deal from the tech 
transfer process. According to Neill, the compa
ny has discovered that "communicating the value 
of the technology is the critical role of the 
process , and understanding the customer's 
needs is the key to effective technology transfer. 
Sharing useful technology is the key to prof
itability since it lowers R&D costs and risk." 

For more information, contact Bill Neill of Hewlett
Packard at 617-270-2428. 

Small Business Stars 

The Grand Winner of the 1997 SBIR Technology of the 
Year Award wa Sanders Design International, Wilton, H, 
for its Inkjet Rapid Proto typing Machine (IRPM) upported 
by an SBIR contract with the .S. Air Force. The IRPM u e 
both additive and ubtractive method of building olid free
form model to achieve a tenfold improvement in prototype 
accuracy, surface quality, and finite feature detail over tradi
tional methods. The !RPM provides an overall accuracy of 
0.001 in. within a cubic-foot volume, building patterns at 
speed comparable to less accurate systems and improving 
the accuracy of model-building by an order of magnitude at 
a fraction of the co t. The economic impact of the IRPM is 
foreseen in the capability of the investment casting and plas
tic molding industries to produce tooling-grade prototypes 
directly. Sanders Design International is developing markets 
for the IRPM in the manufacturing sector of the automotive, 
electronic and electrical, appliance and consumer products, 
industrial tools, aerospace, and medical markets. 

Winner in the Computers/ Electronics category was 
Display tech Inc. , Longmont, CO, for the ChronoColor™ fer
roelectric liquid crystal miniature display, supported by a 

ASA Johnson SBIR contract. These miniature imaging 
devices (Mills) are a complete display built on the surface of 
a very large-scale integrated (VLSI) chip. All of the circuitry 
required to drive the display, as well as the active matrix cir
cuitry for switching each pixel in the display, is integrated, 
substantially simplifying the interface. Because ChronoColor 
uses only a single very-high-resolution MID, device costs and 
overall system costs can be dramatically reduced. They offer 
full-color images and significant advantages in throughput 
efficiency and fill factor over alternative systems. 

In the Environment, Energy, and Resource Management 
category the winner was KSE Inc., Amherst, MA, for a pho
tocatalytic Adsorption-Integrated-Reaction (AIR) air purifi
cation process. The work was the result of an SBIR contract 
with NASA. The process employs a proprietary catalytic 

A t a special Awards Reception at the Hynes 
Convention Center Grand Ballroom on 

Tuesday, Kathy E. Jordan, President of Kae Corp. 
- a media relations, marketing, and training firm 
in Huntsville, AL, and a longtime advocate for 
small business - presented five Small Business 
Innovation Research (SBIR) Technology of the 
Year Awards. These awards are given to U.S. com

Sanders' ModelMaker II system, shown with a CAD workstation, turns 
CAD files into 3D thermoplastic models suitable for molding and casting. 

panies that have developed and commercialized innovative 
products or processes through the federal government's Small 
Business Innovation Research program, which awards grants to 
firms with 500 or fewer employees to perform leading-edge 
R&D that addresses the nation's most critical technical needs. 

adsorbent to trap and concentrate dilute contaminants from 
the air on its surface. This photocatalyst is continuously illu
minated with ultraviolet light, which promotes dissolution of 
the contaminant into environmentally safe compounds such 
as water and carbon dioxide, and restores the photocatalyst 
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Still puzzl~d abc:»ut hc:»"" tc» 
cut c»r ..... all~ yc»ur pllOduct? 
Steel, labels, acrylic, foam, cork, leamer, fabric, lace. gaskets. sail clom, 

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

over 15,000 Synrad C02 lasers cut, drill and mark these and many 

other materials. Applications are practically boundless-the more you 

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

imple to use with the reliability demanded by the toughest 

industrial applications. No gas botdes to replace, tools to resharpen 

or nozzles to clean---our lasers offer maintenance-free operation 24 
hours a day for over four years. That's why ynrad laser co t les 

to buy and run chan other technologies. 

Integrating our lasers into your existing application is easy. We 

design our COzlasers to be components-think of them as light 
buLbs-to mate with XY tables, gantry system. or robot arms. No 

major redesigns are necessary (0 obtain the benefits of laser processing. 

Our all-sealed technology means no adju tmenes or alignment 

problems-ever. 

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

beam produces harp, clean edges and, as me process is non-contact, 

intricate patterns can be cut in min, delicate materials wim no drag

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

processing speeds and less waste. 
Never used a laser before/Neither had most of our customers before 

talking (0 us. To learn how sealed C02 lasers can help Improve your 
process quality and reduce your manufacturing time and costs, call 
1. OO.SYNRADI today. 

""""""_ syn ra d .. co", 

Send us your san'lples 'for a 
FREE Process Evaluation 
Can you benefit from laser technology? Find out by sending us samples 
(remember to include a description of your current process and, if possible. 
an example of a 'finishedu product). Within 3-5 days you'll receive a Synrad 
SamplePak™ containing your samples (suitably marked. drilled or cut by our 
Applications Facility). a written Materials Evaluation and more infonmation on 

~~~~~~~~~_ ... i.m~Plementing laser technology. 
~. .....of9,fta:J. R;:. 

SYNRAD 
6500 Harbour Heights Parkway 

Mukilteo, Washington 98275 USA 
425.349.3500 tel 425.485.4882 fax 



urface to capture more contaminants. KSE sa the photo
cataly t i orders of magnitude more active than any compet
ing catalyst, re ulting in very small, inexpensive units. 
Agreements are in the works with a large ABA contractor to 
conduct plant chamber flight tests next year, and a commer
cial customer has purchased a unit for control of emi sions 
of airborne chlorinated hydrocarbons at a Superfund ite. 

In the Industrial/ Manufacturing and Materials category, 
the prize went to Fo ter-Miller Inc., Waltham, MA, for Z
Fiber~, a proce s developed with the upport of a U.S. Navy 
SBIR contract. The patented method consists of Z-direction 
reinforcement of composite laminate to reduce delamina
tion and increase general damage tolerance. The proce s 
uses ultrasonics to insert small-diameter composite or metal 
rods through the thickne of the composite. The rods lock 
the layers of composite material together for three-dimen
sional strength. The process is accomplished under the nor
mal heat and pressure of autoclave cure, so no new materials 
or extensive equipment upgrades are required to Z-reinforce 
a composite product. Aztex, Inc. , a new company, was spun 
off in 1995 to manufacture Z-Fiber. The Navy MANTECH 
program is testing Z-Fiber as a replacement for fasteners on 
aircraft, which Foster-Miller estimates could save 300,000-
$500,000 per aircraft in fastening co ts. 

Finally, in the Sensors/ Instrumentation category, DeWitt 
Brothers Tool Company Inc., Ancramdale, NY, garnered top 
honors for a method of diffraction range-finding that uses a 
handheld 3-D scanner and holograms. With a ational 

navigation, robotics, machine vi ion, and a ho t of other u e 
of uch urface coordinate data. 

For more information on the SBIR program, contact the SBIR 
Conference Center at 360-683-5742. 

The Best of New England 

T echnology 2007 provided a unique opportunity for 
attendees to view New England 's most innovative new 

products and inventions in the ew England Technology 
Showcase (NETS) . A Best of Show, Spinoff Achievement 
Award, and Best of Show Honorable Mention were present
ed to three ETS companies during the awards reception. 

The Best of Show Award for the most innovative and com
mercially ignificant technology or product exhibited at 
NETS was presented to Inframetrics of orth Billerica, MA 
for the SCI000 Therma~ handheld infrared camera. 
The camera can operate as a tandalone camera or as a ded
icated real-time digital system when interfaced with the com
pany's ThermaGRAM PRO 95 real-time digital image pro
ces ing system for Windows 95. 

The SCI000 was developed for users in the scientific market 
who require high sensitivity and advanced image processing 
capabilitie to support their infrared imaging and temperature 
analysis applications. The unit can provide screen temperature 

measurement accuracy of better than ±2% or 2°C. It can 
operate continuously from a single standard camcorder 
battery for more than two hours, and an optional bat
tery belt will run the camera for 12 hours. 

The focal plane array radiometer weighs ix pounds 
with the power source and has FLASH PCMCIA com
patibility for torage of up to 256 images on a single 
card. Remote control and focus from a PC or hand
held controller is possible via a serial remote control 
port. 

Inframetrics, established in 1975, supplies other ther
mal imaging and temperature measurement systems, 
components, and accessories to scientific, industrial, 
aerospace, law enforcement, and military markets. 

For more information on Inframetrics, contact the compa
ny at 16 Esquire Rd., North Billerica, MA 01862-2598; Tel: 
508-670-5555; Fax: 508-667-2702; or visit them on the 
Web at www.inframetrics.com. 

Infra metrics' ThermaCAM SC 1000 can be controlled from either a win
dow in 1hermaGRAM PRO software, or by the camera controls directly. 

For demonstration of the most innovative and com
mercially significant product applying technology 
developed by, for, or with the federal laboratory and 
university R&D communities, the Spinoff Achievement 
Award for NETS was presented to JENTEK Sensors of 
Watertown, MA. The JENTEK Sensor'" System concept 
originated with research into dielectrometry and mag
netometry conducted at the Laboratory for 
Electromagnetic and Electronic Systems at the 
Massachusetts Institute of Technology (MIT). The 
company's resources include a team of engineers, sci

Science Foundation SBIR contract, the company developed 
a patented "chirp" grating designed with custom software 
and made by combining a spherical wave with a plane wave. 
These produce regular patterns for ubsequent computer 
image processing, making possible generic holograms for 
three-dimensional imaging under field conditions. The com
pany's prototype can digitize 15,000 x-y-z points a second 
within a meter cubed with a resolution of 0.01 mm and an 
accuracy of 0.1 mm. The company envisions applications in 
3-D computer graphics, CAD/ CAM, autonomous vehicle 

entists, and oftware development specialists from MIT. 
JENTEK provides thin and conformable inductive and 

capacitive sensors for measuring physical property variations 
as a function of depth from a part surface, and for gauging 
geometric properties such as coating thickness and proxim
ity. Patented JENTEK Magnetometer and Dielectrometer 
probes provide real-time measurements on flat, convex/ con
cave, and conical surfaces; a patented multiple wavelength 
In terdigi tal Electrode Dielectrometer (IDED) provides 
characterization of multiple layered media. 
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FCJr more inj()1'1M.tion on JENTEK ensOTS, wntact the 
company at 200 Dexter Ave., Watertown, MA 02172; 
Tel: 617-926-8422; Fax: 617-926-8744; or e-mail at 
jentek@shMe.net. 

Im'ention Machine Corporation of Bo ton 
received a NET Be t of how Honorable Mention 
Award for its TechOptimizerfM Profe ional Edition 
lechnical problem- olving software, which is 
de igned to work with engineer and scientists in 
re olving engineering problems at a conceptual 
level. It use a new category of engineering software 
called Computer-Aided Innovation (CAl) to 
help u er correctly tate and olve engineer
ing problems. 

TechOptimizer oftware incorporales five mod
ules: the TechOptimizer module help the user cor
rectly tate the engineering problem; the Effects, 
Principles, and Prediction module are then u ed to 
find innovative solutions; and the Feature Transfer 
module offers anolher approach to effective prob
lem-statement and solution. 

Visitors to the Invention Machine Corp. booth at Technology 2001 viewed 
a demonstration of TechOptimizer™ Professional Edition problem-solving 
software. 

lnven lion Machine, which markets Tech 
Oplimizer to product and proce engineers, 
de ign engineers, cientists, engineering manager, 

Other products that are available commercially include 
GridStation'" software for data interpretation from single 
and multiple ensors and operating condition; and the 
Meandering Winding Magnetometer (MWM"') , which 
includes GridStation software, customized MWM probe, 
and either commercially available impedance and LCR 
meters, or customized JENTEK instrumentation. 

and individuals involved in R&D, announced last 
month their newest problem- olving software package called 
IM-Phenomenon N Professional Edition. (See pFront on 
page 16 for more information on the new oftware, which is 
this issue' Product of the Month.) 

Contact Invention Machine Corp. at 200 Portland 
St., Boston, MA 02114-1722; Tel: 617-305-9250; Fax: 617-
305-9255; or visit them on the Web at www.invention-machine.com. 

FREE REPORT! 
Sooner or later, you're 
going to be evaluating 

visual programming languages. It's a fact. And you're 
probably getting bombarded with sales talk, when what you 
really want is straight-forward information. 

ow you have it a free copy of the recent comparative eval
uation report on visual programming languages by the 

American Institute for Research (AIR). With a 50-year 
history of nonprofit, independent research, AIR gives you a 
completely unbiased, no-holds-barred revi w of alional 

Instrument's labVIEw, Microsoft C/C++ and HP VEE--so 

you can form your own opinion about which one is best for 

you. Download the AIR report from our Web site at 
www.hp.comlg<Whpvee or fill out and mail the card below, 

or call us at 1·800-452-4844, Ext. 5536, and we'll send 
you a free copy. Then you can make up your own mind 

There is a better way. 

~n- HEWLETT 
~~ PACKARD 
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A "Maj or" Achievement 

ALife Achievement ward in Technology Tran fer wa 
presented to Major udie Hittle, who retired October I 

from the .. Air Force as Chief of the Electronic y tern 
Center (E C) Technology Tran fer Branch at Han com Air 
Force Base, MA. In hi 
po ition at the ESC, 
Hittle enhanced the 
transfer of technolo
gies between federal 
laboratorie and de
fense, commercial, and 
international industrie 
in support of Air Force 
mis ions. By per onally 
initiating, negotiating, 
or managing nearly 90 
cooperative research 
and development agree
ments (CRADAs) , he 
helped the Air Force 
leverage its technology 
investment and inte
grate technology trans
fer into its strategic 
goal . These CRADAs 
leveraged more than 

35 million worth of 

Air Force Major Audie Hittle (Ret.) 
accepts his Life Achievement 
Award in Technology Transfer 
fram the Technology Utilization 
Foundation. 

indu try contributions, ca h, and technical resources. 
Major Hittle al 0 successfully implemented a CRADA 

approval process that complete negotiation, coordination, 

More than 10,000 engineers and scientists trust 
Tecplot to successfully visualize, analyze, and 
present their data. Designed by engineers for 
engineers, Tecplot combines power, speed, and a 
comprehensive set of features to boost your 
productivity. Visit our Web site or give us a call 
today to see why Tecplot sets the new standard 
in engineering plotting and data visualization for 
Windows NT/95 and UNIX users. 

AMTEC ENGINEERING 

800.676.7568 

Amlee and Teeplot are reglltered trademarks of Amlee Engmeenng. Inc. of Washmgton, USA. 

and approval in Ie than 30 da . . The first Air Force officer 
specificall ' educated in technology transfer, 1ajor Hittle 
earned a ma ter' degree in Management of Technology 
from nT' loan chool of Ianagement. He en'ed two 
term on the FL ' executive board, the fir t military officer 
to be elected to thi bod. In addition, Hittle was a founding 
member of the ew England Chapter of the Technology 
Tran fer ociet. 

Mark Your Calendar ••• 

... for Technology 2008, to be held from 
November 3-5, 1998 at the Hynes Convention 
Center in Boston. 

Technology 2008 will be co-located with the 
PhotontcS East and Electronic Imaging International 
conferences for the second year. 

Make plans now to attend or exhibit! 

Circle No. 698 for Information on attending 

Circle No. 699 for Information on exhibiting 
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V1Slorlll It all comes together 
with MSC arId HP. 

Dramatically shorten your route from design to manufacturing. The world-leaders 
in computer systems and MCAE software, Hewlett-Packard and MSC, are providing 

the best of both worlds - the broadest line of high-performance PC 
The robust 5'jrlel-gy between MSC's and UNIX-based workstations optimized to draw the most out of the 

simulatiofl techf1ology arid F..P'S powerful new versions of MSC/NASTRAN and MSC/PATRAN. HP 

cOmplt'tel- systems gives engineers the flexibility to use MSC's advanced modeling, analysis, 
gives You Uflmatched and results evaluation capabilities across UNIX and Wmdows NT. 

desigrl power. 
Integrated solutions from MSC and HP will make your designs 

soar. For more product information and a free 241/ X 361/ aerospace poster, 

call 800·642·7437, ext. 2500, visit www.macsch.comor www.hp.com. 

rli~,. HEWLETT® 
a:~ PACKARD 

For More Information Cln:le No. 558 
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~ ~ Commercialization Opportunities 

Circular Array Antenna 
With Microstrip-to-Slot 
Transitions 

Thi relativel imple, low-profile 
antenna fonn a toroidal radiation pat
tern. The antenna can be mounted on 
the roof of a vehicle for use in 
mobile/ atellite communication. 
( ee page 54.) 

Neuroprocessor for 
Detectin~ Misfire in an 
Automotive Engine 

neuroproce or perform a com
plex diagno tic te t to detect engine 
mi fire, which the presen tl u ed 
engine-control microproce or cannot 
do very efficient!. uch neuroproces-
or are intended to sati fy the progre -

DIAGNOSTICS/ ACQUISITIO 
Up to 16 Real and Virtual 

GraPhtec again reduces the 
weight, size and cost of 

data diagnostics and 
acquisition instrumenta
tion. With the most 
portable and versatile 
system available 
anywhere. 
The WR9000 is 
available for 4, 8 or 
16 channels. Multi· 
input amplifiers 
measure voltage, J/KIT 
thermocouples, or RMS 
level. Mix or match them with 
others to extend your inputs to 
bridge and frequency [em:~UU<';"'[:S. 
math utilities and interchannel .MII"eic,_ 

capabilities to create virtual channels that 
greatly improve your real-time diagnostic 
capabilities. 
Store sound, vibration and other dynamic 
phenomena for immediate FFT and correlation 

analysis. 
Scroll through your data 
and define segments for 
instant calculation of 
area, max/minlrms 
values, standard 
deviation, and riselfall 
times. 
Use SMART triggering 
and available 16· 

channel TIL logic to analyze transients, 
evaluate cyclical operations, summarize process 
variables, or interface with external controls. All 
in real time. With a system you can carry under 
your arm. 
Use the WR9000's file conversion software to 
merge your data on-the-spot with programs such 
as Microsoft Excel, Lotus 1-2-3 and DADISP. 
Take advantage of a bright 8.9-inch EL display 
that is easy to read from any angle and under 

memory per 
channel, or 

reallocate to expand 
measurements. 

3.5' floppy drive or 
magneto-optical drive provides 

storage. 
amplifier 

and chart 
operation from a menu 
screen or GUI. Or by 
panel keys that you 
can reset even during 
operation. 
The WR9000's small 
footprint and low 
profile suit it ideally to 
field measurements. 

Full-screen display 

And to portable use in the laboratory or on the 
factory floor. It measures less than 15' x 12' x 
5' and weighs only 17.5 Ibs (8-channel), and 
operates on AC or available 12 VDC. 
Don't settle for tape recorders or multiple 
instruments. Make your evaluations and 
decisions on-the-spot. With the world's 
smallest and most versatile diagnostics and 
acquisition system. 
Call (800) 854-8385 today for full information 
and to receive your copy of our new application 
brochure. 

,w~ WESTERN GRAPHTEC, INC. 
11 Vanderbilt • Irvine, CA 9271 8·2067 

(714) 770-6010 • (800) 854-8385 
FAX (714) 855·0895 
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ivel stricter emi ion requirements of 
the Clean Air Cl. 

( ee page 60.) 

Capillary-Pumped Loops for 
Equalizing Body Temperatures 

The e thermal-control device de-
igned for protective suits would di -

tribute heat more uniformly and thus 
make the wearer more comfortable. 
Heat from the u ually overheated parts 
of the human body, e.g., armpits, 
would be tran ferred over to the 
u ually colder extremities, e.g., hands 
and feet. 
( ee page 64.) 

Improved Oxidation-Resistant 
SiC(Si/ SiC) Composites 

These composite are de igned to 
re ist oxidation at high temperatures in 
the pre ence of air and team. Mo t like
ly applications are in advanced aircraft 
engine and gas turbine. 
(See page 68.) 

Lightweight Panels With 
Embedded Perpendicular 
Metal Pins 

Among the advantages of these types of 
compo ite structure, developed original
ly to shield spacecraft against high-speed 
impacts, are a twenty-fold increase in 
delamination resistance, which is impor
tant for aircraft tructures; better joining 
to supporting rib ; and improved thermal 
conductivity, which makes them appeal
ing to electronic packaging. 
(See page 70.) 

Coating Fibers With Ceramics 
by Use of Slurries 

Fiber for use in metal-matrix/ fiber 
compo ite material are coated with a 
ceramic-matrix/fiber interfacial layer 
by use of slurrie instead of chemical 
vapor deposition. Advantages are lower 
cost, fewer proces ing steps, and better 
quality control. 
( ee page 72.) 

Carbon Papers for Negative 
Electrodes in Lithium Cells 

Experiments point to commercial 
carbon papers as candidate negative 
electrode for lithium-based electro
chemical cell . The e papers have been 
hown to offer high reversible 

charge/ discharge capacitie . 
( ee page 74.) 
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· .. Introducing our new Micron™ Samurai™ 
chip set on the PowerdigmTM Xsu 

POWERDIGM Xsv 
lord 300MHz Protium II proces.sor 
Samurti chip 5tt 

64MB ECC SDRAM 
Memory upgllldabk to 1GB ECCSDRAM 
4GB U1tra·Widr SCSI·3 hard drivt 
12/20X miablr speed SCSI CD· ROM drivt 
Fino GL J 000 pro 8MB 66MHl PC! Oprn GL 
SupportS IDE Ultra ATA and multiple Ultra· Wide 

SCSI·} hard drives 
DMI, s~m.2re and bardware management suppon 
10mcg;J Jar SCSI drive with I CD rt'movable anridge 
Wmtable stert'O sound with speakm 
3Com fast Ether 'et 10/100 PCI network adapter 
Microsoft" IntdliMouse" 
Microsoft Windows NT" Workstation 
19" Hioou Supo&.n anl(l8" dispby) montlor 
)·yorI3 year Micron Power'" 
limned wunnty 

II.. J Sh9lmo. 

MICRON 
POWER-
WARRANTY 

.,.. .................... --r 
_-______ 1tII 

POWERDIGM Xsv 
Dual lord 3OOMH, Pentium n proceuon 
Samurti chip set 

128MB ECC SDRAM 
Memory upgrtdablr to 1GB ECC SDRAM 
4GB U1tra·Wide SCSI·3 hard drive 
12I20X .. riable sp«d SCSI CD·ROM drivt 
Filt GL 4000 15MB 3DRAMll6MB CDRAM 
SupportS IDE Ultra ATA and mulnple Ultra· Widr 

SCSI· J hard drIVes 
DMI. softwarr and hard"'2rt' management suppo" 
lomcg;J Jar SCSI drive .. ith 1GB remolable artridge 
Wa,etable SIma sound .. 1th speakers 
3Com rut Ether et 10/100 PCI network adapter 
Micrmoft IntelliMouse 
MicrolOft Window! NT Workstation 
21" Hiadti SuptrSan C.\1801(10" displ.1 llxIp momlOf 

).year/} year Micron Po .. er 
limned warranty 8,308 
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Micron innovation at its best. 
You'U see why other workstations have 
fmally met their match. 

Revolutionizing workstation 
performance, Micron introduces our 
exclusive Samurai chip set on the 
Powerdigrn Xsu workstation. A 
powerful , Intel processor-based 
workstation, the Powerdigrn Xsu will 
execute your most demanding 
business and technicaJ tasks - and it's 
flexible enough to run the most 
popular PC programs. 

Engineered and developed by Micron, 
the Samurai chip set is the first to offer a 
64-bit/66MHz PCI bus, based on Intel 
architecture. The Samurai chip set 
enables greater bandwidth for people 
who demand maximum throughput 
from their workstations and integrated 
peripheral . 

The Powerdigm also supports dual 
monitors, dual Pentium II processors, 
multiple ulrra-wide CSI-3 hard 
drives and 10/100 nerwork adapters. 
The Fire GL video cards offer 
no-compromise 3D performance 
and J32 drives are standard. 

Irs also hard to beat the indusrry
leading Micron Power limited 
warranty and our award-winning 
customer service and support. 0 go 
ahead. Meet the Powerdigm. And meet 
the workstation the competition is still 
dreaming abouL 
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888-669-0971 . 
www.nucronpc.com 



tj Wavelet Analysis of Flight-Test Data on Aeroelasticity 
Wavelet analysis offers advantages over Fourier analysis. 
Dryden Flight Research Center, Edwards, California 

A method of computational filtering 
enables the removal of distortions from 
flight-test data. The method is built 
upon and adapts the methods of 
wavelet-transform analysis to the partic
ular test data. Although this method 
does not depend on the type of test data 
or other data to be analyzed, the initi.al 
application was to aeroelastic-flight-test 
data (e.g., accelerometer readings) gen
erated with the help of structural-vibra-

tion-excitation systems on the F / A-I8 
Systems Research Aircraft (SRA) and 
the High Alpha Research Vehicle 
(HARV). Such excitation sy terns are 
often essential for enabling ystem-iden
tification algorithm to resolve stability 
trends from noi y measurements, inas
much as atmospheric turbulence gener
ally does not provide excitation of the 
type needed for determining vibration
mode characteristics. 

In processing flight flutter data, one 
attempts to analyze the characteristics 
of the data in terms of times, shapes, 
amplitudes, frequencie , and durations 
of events in the data. Such analyses have 
traditionally been performed by use of 
classical Fourier techniques. However, 
Fourier techniques are suspect in the 
presence of the inherently transient 
nature of in-flight aeroelastic dynamics; 
this is because the basic Fourier-analysis 

Key: --- Left-Exciter Input to Accelerometer Output 
--- Right-Exciter Input to Accelerometer Output 
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Figure 1. Transfer Functions constructed by use of the present method (using part of the procedure illustrated at the left) are cleaner than are those 
obtained by Fourier techniques. 
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assumptions of infinite duration and at 
least local periodicity make it impos i
ble to represent adequately the inter
mittency, modulation (amplitude , 
phase, or frequency), nonpel-iodicity, 
non-stationarity, time-variance, and/ or 
nonlinearity in the data. 

Wavelets are versatile harmonic
analysis tools that combine both time 
and frequency representations into 
localized waveform. Given a egment 
of experimental data, the wavelet 
transform is constructed by convolving 
a selected series of local waveforms 
with the data to identify correlated fea
tures or patterns in the signal repre-
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sented by the data. The result is a set 
of wavelet coefficients that can be 
interpreted as multidimensional corre
lation coefficients. Feature of shape, 
size, and location are naturally charac
terized by these waveforms and related 
coefficients_ 

The salient features of the original 
signal are reconstructed by exploiting 
the redundancy of the wavelets in the 
continuous wavelet transform (CWT). 
Unwanted time-frequency components 
are removed from the data by masking; 
that is, by setting the corresponding 
wavelet coefficients to zero. This proce
dure is followed to filter unwanted dis-
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tortions and extract de ired features 
from input (e.g. , vibrational-excitation) 
and output (e.g., structural-vibrational
re pon e) data. Extraction of features 
by this procedure offers advantage 
over traditional band-pa s-filtering and 
thresholding technique in that it 
results in the removal of unwanted fea
tures while leaving desired signal com
ponents intact. 

Inasmuch as the F / A-I8 structural 
excitations are essentially short-time 
sinusoids, a wavelet basis function could 
be expected to represent the character
istics of the excitation data. The Morlet 
wavelet was chosen as the basis function 
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Figure 2. These Examples of Reconstructed Signals and Scalograms illustrate t he utility of t he present method for cleaning signals. 
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because of its clear interpretation in the 
frequency domain (Gaussian window) 
and time domain (locally periodic wave
form) for the analysi of vibration data. 

Transfer functions are used in struc
tural dynamics to acquire state-space 
representations of the system modal 
dynamic, to determine stability e ti
mates with standard methods, and to 
predict flutter boundaries with more 
advanced techniques . Traditional 
Fourier-tran form methods involve 
averaging, windowing, and other proce
dures that often disguise important fea
tures in data. The pre ent method 
includes a recipe to circumvent this 
deficiency by utilizing a wavelet-based 
feature-extraction filter to estimate 
cleaner tran fer functions based on 
localization in frequency and time. The 
left part of Figure 1 sch ematically 
depicts a sy tern-identification proce
dure (including a procedure for con
structing transfer functions) according 
to the present method. 

Th e right part of Figure 1 presents 
an example of how the re ults achiev
able by use of the Morlet filter surpas 

those achievable by tandard Fourier 
techniques. The Morlet proces ing 
affords an obviou improvemem for 
identifying modal peaks in the pres
ence of noi e and in e tablishing well
defined pha e respon e. Identification 
scheme used to extract modal data, 
state- pace repre entation, and tabili
ty boundaries will perform better when 
the Morlet-filtering procedure i incor
pOl'ated into them. 

In reconstructing a signal, one uses 
the redundancy of the wavelets to e ti
mate a time signal be t approximated 
by the cwr. The real Morlet transform 
assures a reconstruction in phase with 
the original ignal. The top part of 
Figure 2 presents an example of a 
recon tructed original signal and a 
reconstructed, cleaned version of 
the signal. 

An example of filtering the unde
sired features of more-complicated 
input/ output signal pairs in the time
frequency representation involves the 
use of a double logarithmic sweep 
from an excitation system. The bottom 
part of Figure 2 contains p lanar scalo-

gram (map of cwr coefficients) that 
pertain to thi example. Harmonics 
from train-gauge input measurements 
can be detected readily in the left 
scalogram. The pre ence of the e har
monic indicates nonlinear exciter
vane re pon e from rotating slotted 
cylinder at the wing tip . Such nonlin
earity is deemed undesirable for subse
quent analy is by linear state-space 
identification methods. Therefore, the 
input ignal is proce ed by (a) extract
ing the desired time-frequency map 
from the left scalogram, yielding the 
right calogram, then (b) reconstruct
ing the time-domain input signal 
from the data represented by the 
right scalogram. 

This work was done by Martin Brenner of 
Dryden Fligh t Research Center and Eric 
Feron of Massachusetts Institute of Tech
nolol.fY. For further information, access the 
Technical Support Package (TSP) free on· 
line at www.nasatech.c011l under the 
Mathematics and Information Sciences cate
gory, or circle no. 154 on the TSP Order 
Card in this issue to receive a copy by mail 
($5 charge). DRC-96-76 

• Software for Modeling Dynamics of Optical Interferometers 
NASA's Jet Propulsion Laboratory, Pasadena, California 

The Single Mode Acquisition Code 
(SMAC) computer program mathemat
ically models the optical, mechanical, 
and electronic dynamics of high· 
finesse, long-baseline, multiple-cavity 
optical interferometers like those used 
in gravity-wave detectors. Dynamical sit
uations that can be simulated include 
those that involve noise and/ or multi
ple modulation frequencies and side
bands. SMAC includes components for 
modeling the dynamics of cavity-con
trol servomechanisms, electronic 

closed-loop servo control subsystems, 
and syncbronous-detection electronic 
circuitry. onlinear time-domain mod
els are incorporated for use in design
ing and testing lock-acquisition con
trollers. O nce lock has been achieved, 
small-amplitude transfer functions rep
resent cavity signals adequately. SMAC 
provides a graphical user interface for 
defining problems and controlling exe
cution with respect to the problems. 
SMAC also provides extensive pre- and 
post-processing support. 

This program was written by Laura 
Needels, David Redding, and Lisa ievers of 
Caltech for NASA's J et Propulsion 
Laboratory. For further information, access 
the Technical Support Package (TSP) free on· 
line at www.nasatech. c011l under the 
Computer Software category, or circle no. 
115 on the TSP Order Card in this issue to 
receive a copy by mail ($5 charge). 

This software is available for commercial 
licensing. Please contact Don Hart of the 
Califomia Institute of Technolol.fY at (818) 
393-3425. Refer to NPO-20122. 

• Improved Software for Modeling Controlled Optical Systems 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Modeling and Analysis for Con
trolled Optical Systems (MACOS) is an 
easy-to-u e computer program for sim
ulating and analyzing the behaviors of 
a variety of optical systems. MACOS 
includes S-MACOS, a subroutine soft
ware package that provides MACOS 
commands to any program written by 
the user, enabling the incorporation of 
full optics-modeling functionality into 
other computer codes. MACOS and S-

42 

MACOS are improved versions of 
COMP and SCOMP, which have been 
applied to more than 30 space- and 
ground-based instrument systems, 
including telescopes, cameras, radio 
antennas, optical interferometers, 
imaging pectrographs, integrated 
optical devices, and adaptive-optics sys
tems. MACOS features include a com
mand-line user interface, graphical 
display of results, interactive dialogues 

www.nasalech.com 

that guide the user through all func
tions, and ten levels of macros. System 
models are built up from component 
models of optical elements (e.g., mir
rors, lenses, and diffraction gratings) 
and surface types (e.g., flats and conics 
of revolution). Instrument-simulation 
capabilities are achieved through 
hybrid ray-trace and physical-optics 
diffracted-beam propagation com· 
bined with sophisticated imaging simu-
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lation features. MACOS include such 
unique integrated modeling feature 
a linear matrix model of optical 
in truments and the ability to export 
linear model directly into Matiab or 
other numerical-anal i oftware envi
ronments for integration into y tem
level analy e . 

This program was written by David C. 
Redding and Laura eedels of Caltech for 

NASA's Jet Propulsion Laboratory. For 
further information, access the Technical 
Support Package (To P) free on-line at 
www.na atech.com under the Computer 
Software category, or circle no. 189 on the 
TSP Order Card in this issue to receive a 
copy by mail ( 5 chmge). 

In accordance with Public Law 96-517, 
I he contractor has elected to retain title to 
this invention. Inquiries concerning rights 

for its commercial use should be addressed to 
Technology Reporting Office 

JPL 
Afail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 911 09 
(818) 354-2240 
Refer to NPO-19 41, volume and num

ber of this A A Tech Brief issue, and 
the page number. 

Software for Automating the Design-Optimization Process 
NASA's Jet Propulsion L aboratory, Pasadena, California 

The O ptimization As istant (OASIS) 
computer program is a research proto
type of a design-optimization software 
tool. I t i being developed to automate 
much of the proces of solving a com
plex constrained optimization prob
lem of the type encountered in design
ing a spacecraft, and to facilitate rapid 
"what-if' analysis of design. As current
ly envisioned , OASIS would comprise 
three major components; (1) a set of 
generic, configurable, metaheuristic 
optimization algorithms (including 
genetic and simulated-annealing algo-

rithms); (2) an adaptive problem 
solver based on artificial-intell igence 
and machine learning techniques; and 
(3) a pace craft-design model. For a 
given design-optimization problem, 
the spacecraft-design model would 
accept, as input, the decision variables 
to be optimized and would output 
the value of an objective function. 
For the specific problem, the adap tive 
problem solver would se lect an 
appropriate optimizatio n a lgorithm 
and configure it, minimizing the need 
for intervention by the user to cus-

tomize software for that problem. 
This program was written by Alex 

Fukunaga, Steue Chien, and Andre Stechert of 
Caltech for NASA's Jet Propulsion Labo
ratory. For further information, access the 
Technical Support Package (TSP) free OTIrline 
at www.rwsatech.rom under the Computer 
Software category, or circle no. 188 on the TSP 
Order Card in this issue to mceive a copy by 
mail ($5 charge). 

This software is available for commercial 
licensing. Please contact Don Hart of the 
California Institute of Technology at (818) 
393-3425. Refer to NPO-20073. 

Electromagnetic Design -The Solution 

44 

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. 

• Recording Heads 
• fusion Magnets 
• Waveguide Devices 

and Junctions 

• RFCa 
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Software Helps Determine 
Viability of New Products 
John F. Kennedy Space Center, Florida 

The Product urvey Tool computer program facilitates the 
collection and analy is of data for predicting the viability of 
a new system, produc[? or project (hereafter, "product" for 
short). while the product has not yet advanced beyond the 
concept stage. The program asks que tions aboUl the prod
tlct and, through a graphical user interface, collects the 
answers. The program store the an wers in a database, from 
which the answers can be extracted and ummarized or plot
ted to assist manager in making decisions about viability. 
The program has been partially developed, and orne of the 
questions are pecific to the original application at Kennedy 
Space Center. Further developments in the areas of report 
generation, graphical display of results, maintenance opti
mization, and data ecurity are needed to fully realize the 
commercial poten tial. 

This work was done by Charles L. Wood and Curtis C. Dugger of 
Kennedy Space Center. For further information, access the 
Technical Support Package (TSP) free on-line at www.nasatech.rom 
under the Computer Software category, or circle no. 192 on the TSP 
Order Card in this issue to receive a copy by mail ($5 charge). 

Inquiries concerning rights for the commercial use of this invention 
should be addressed to the Patent Counsel, Kennedy Space Center; 
(407) 867-2544. Refer to KSC-11925. 

Program for Remote 
Viewing of Reports 
Containing Graphics 
John F. Kennedy Space Center, Florida 

The On-line Report Viewing Application computer program 
provide a graphical user interface for displaying the coments of 
management-pre entation-style reports that contain mostly 
charts and graph. The program makes it unnece sary to prim 
and mail multiple copies of the reports. Residing on a mainframe 
computer where the original electronic copie of the reports are 
maintained, the program enables readers to gain access to the 
repons through their indhidual computer workstations in a net
work connected to the mainframe computer. 1aintaining the 
original electronic copies of the repons on the mainframe com
pUler offers an additional advantage of rapid, semiautomatic 
updating of the reports. Access to reporu is limited to authorized 
readers by use of iden rification code . The application also tracks 
user access down to u er ill for management vi ibility of the use
fulne of the report. An authorized reader can use a mouse to 

move through a report and! or select a pecific page, chan, or 
graph by name. The reader can also print any page of the report. 

This work was done b)' Thomas C. Woodbridge of United Space 
Alliance (jonnerly Lockheed Martin) for Kennedy Space Center. For 
further infonnalion, access the Technical upport Package (TSP) free 
on-lille at www.nasatech.rom under the Computer Software category, 
or circle no. 172 on the TSP Order Card in this issue to receive a copy 
b)' lnail ( 5 charge). 

Inquiries concerning rights for the commercial use of this invention 
should be addressed to the Patent Counsel, Kenned)' Space Center; 
(407) 867-2544. Refer to KSC-11896. 
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I -$ Design & Analysis Software 

al simulation and optimization software 
from Parametric Technology Corp., 
Waltham, MA, allows simulation and opti
mization of the structural performance of 
a design. Users can select material defini
tions from a provided library or define a 
new material , create tructural loads, and 
define displacements for model entities. 

The softwa.re utilizes a finite element solution approach. Static, 
modal, pre-stre static, pre- tre s modal , linear buckling, and non
linear contact analyses are available. 

A design can be optimized based upon multiple analyses. Results 
window definitions specifY the analysis and load sets to use, the quan
tity to display, the desired location on the model, and the display 
options. An optional Pro/ MECHANICA VIBRATION module adds 
four types of dynamic structural analyses: dynamic time response, 
dynamic frequency response, dynamic random response, and dynam
ic shock response. The program extends simulation and optimization 
capabilities to users of CATlA, Unigraphics, and other CAD packages. 

For More Information Circle No. 739 

ENVI Version 3.0 data analysis soft
ware from Research Systems, 
Boulder, CO, features a new sllite 
of geographic information systems 
(GIS) tools and new routines for 
orthorectification of air photos 
and satellite images. It can be used 
to visualize and analyze any type of 
satellite or aircraft digital imagery, 
including Landsat, SPOT, AVIRlS, 
and Radarsat. 

A heads-up vector digitizing 
capability enables users to interac
tively catalog vector and feature 
properties on the computer, rather 

than by hand from the hard copy image plot. Other new features 
include support for the Spatial Data Transfer Standard (SDTS), sup
port for U .S. and world location maps, and spectrum identification 
tools. It is available for Windows 3.1 / 95/ NT, Macintosh, native Power 
Macintosh, UNIX, and Linux. 

For More Information Circle No. 744 

Structural Research & 
Analysis Corp. , Los An
geles, CA, offers COS
MOS/ Works 3.0 design 
analysis software for 
SolidWorks, which meshes 
and analyzes large models. 
It allows users to apply 
localized boundary condi
tions such as cylindrical 
and spherical constraints 
using existing reference 
planes and axes within 

SolidWorks. Shell elemen ts enable analysis of thin-walled structures. 
Basic (interface, stress, di placement, frequency, buckling, and 

heat analyses with direct and FEE solvers) , Intermediate (Basic 
plus nonlinear and dynamic response analyses and alternate analy
sis modeler), and Advanced (Intermediate plu fatigue , laminar 
fluid flow, optimization, and electromagnetics modules) configu
rations are available. 

For More Information Circle No. 746 

geles, CA, has intro
duced Helix Design 
S tern Version 4, Re
lease 1 solid modeling 
software with integrat
ed parametric draft
ing for Windows 95/ 

. The system fea
tures Helix Modeling~ 
V4 that enables cre
ation of a 3D solid 

model from 2D data imponed from any CAD system. It includes sheet 
metal design tools, kinematic tools, assembly modeling, surface mod
eling, and visualization capabilities via wireframe, hidden line, and 
shaded image rendering. 

Also featured is Helix Drafting'" V4 that includes D-cubed paramet
ric design technology and raster capabilities. The Helix Design 
System package provides the ability to create 2D layouts of solid mod
els inside the modeler with bi-directional associativity. 

For More Information Circle No. 741 

Engineering Anima
tion, Ames, lA, has 
introduced VisNet
work data analysis/ 
visualization soft· 
ware, which allows 
users to manage dis
tributed product 
data from various 
platforms, CAD sys
tems, and PDM sys

tems. Complex parts with up to a million parts can be viewed and 
analyzed in an interactive visual environment. The program uses 
optimized data from VisFly, the company's 3D product visualizer, 
and VisMockUp, a digital prototyping software, and caches 
and filters the required information. 

Engineers designing assemblies in different locations can immedi
ately access any part or the entire product regardless of where the data 
resides. Users from various departments can view the data by selecting 
particular attributes, regions of interest, or the entire product. 

For More Information Circle No. 748 
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The Math Works, atick, 
MA, offers Mapping 
Toolbox l.0 geographic 
data analysis and visual
ization software for 
analysis and display of 
geographically based 
information. Based on 
the MATLAB 5 comput
ing language, the soft
ware allows users to 
apply MATLAB numer
ics and visualization 

capabilities to analyze datasets and plot geographic information. 
The software contains over 60 map projections, atlas data, astro

nomical data, and external interface functions for reading common 
government map data from CD-ROMs or the Internet. It performs 
geographic computations, data fusion, map projection display, and 
generation of presentation graphics. Platforms include Windows 
95/ NT, UNIX, Macintosh 68K, and Power Macintosh. 

For More Information Circle No. 742 

46 www.nasatech.com ASA Tech Briefs, December 1997 





I -$ Design & Analysis Software 

TAS-Thermal Analysis 
System thermal modeling 
software from Harvard 
Thermal, Harvard, MA, 
provides interfaces to the 
standards in thermal 
analysis tools such as 
SINDA/ G, SINDA/ 
FLUINT, and TRASYS. 
The Wllldows version fea
tures model generation, 
execution, and post-pro
cessing in a ingle envi
ronment, as well as built

in steady state and transient fast finite different solvers. 
Other features include concurrently open multiple models, and 

colors tllat provide feedback of element type, properties, and tem
perature results. The program features a FEMAP interface and 
includes a translator to and from MSC/ NASTRAN and ANSYS. It 
operates in Windows 95/ NT. 

For More Information Circle No. 740 

CAD/ IQ model analy
sis software from In
ternational Techne
Group, Milford, OH, 
analyzes models gen
erated by CAD soft
ware systems and iden
tifies geometric and 
topological errors 
and anomalies. Sup
ported model formats 
include CATIA, Prof 
ENGINEER, and Uni

graphics. Support for CADDS5, I-DEAS, IGES, STEP, and ACIS-based 
systems will be available. 

The software enables users to predict model interoperability with 
downstream applications, allowing CAD models to be processed by 
downstream product development applications such as finite ele
ment modeling, numerical control, rapid prototyping, and data 
exchange without reworking the model. 

For More Information Circle No. 738 

Numan Intelligence, Troy, 
MI, offers NuEngineer and 

uSe arch design analysis 
software. uEngineer 
enables users to create and 
analyze hundreds of engi
neering/ CAD designs. 
Users work with a visual 
interface to intelligently 
choose the designs to 
search through from an 
infinite number of possible 
new designs. 

NuSearch can be inte
grated directly with most 
existing CAD packages and 

legacy CAD data. It can be integrated wiili other engineering appli
cations such as simulations, spreadsheet tools, electronic circuit 
design, control algorithm design, finite element analysis, and com
putational fluid dynamics. 

For More Information Circle No. 736 

EdgeCam for Me
chanical Desktop 
CAM software 
from Path trace , 
Ontario, CA, is a 
32-bit Windows 
95/ NT system inte
grated with Auto
desk's Mechanical 
Desktop solid and 
surface modeling 
program. Edge-= -- Cam directly ma-

chines solid models and automates the NC programming process. It 
supports mills, lathes, and wire EDM. 

Manufacturing information such as features, material, and volume 
are extracted automatically from solid models to automate program
ming. Manufacturing operations can be applied automatically to fea
tures. Geometry is not filtered through a translator, and tool paths are 
saved wiili the model. 

i 
" 

For More Information Circle No. 745 
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" " 
-

Fortner Software, Sterling, 
VA, has announced version 
1.1 of Noesys science data 
analysis and visualization 
software, which features 
enhanced support for the 
Hierarchical Data Format 
(HDF) data standard and a 
new import facility for 
netCDF files used to store 
meteorological data. The 
Windows program works 
wi th datasets of virtually any 

size or dimension, and enables access, organization, analysis, and visu
alization of large data sets. 

Users can create, view, and edit datasets that contain up to seven 
dimensions, allowing exploration of volumetric, multi-paranleter data 
produced by Earth-observing satellites. New macro interpreter func
tions allow users to subset files normally too large to be opened on 
desktop computers with linlited memory. 

For More Information Circle No. 735 

lutions or linked to other Quantum applications. 

Matra Datavision, 
Andover, MA, has 
introduced Ver
sion 1.2 of Euclid 
Quantum CAD / 
CAE/ CAM/ PDM 
software, which 
contains two new 
products for styl
ing and drafting: 
Euclid Styler and 
Euclid Drafter. 
Both can be used 
as standalone so-

Euclid Styler provides users with features for creating complex shapes, 
and contains more ilian 300 specialized functions. Euclid Drafter offers 
automatic recording functions tllat memorize object characteristics and 
apply tile properties to drawings under construction. Styles and drafting 
parameters are automatically standardized. 

For More Information Circle No. 737 
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Your applications can now run on "the fa te t Window 
the planet." These include Micro oft Office, Oracle and et cape; plus 
engineering and graphics oftware uch as Fortran, C/C++, Visual 
Ba ic, Pro/Engineer, Microstation, A Y, LAPACK, 
Gaussian, oftimage and lightwave. Over the la t 15 years 
we have designed systems for thousands of ati fied 
customers including many pre tigiou in titutions like 

A A and Fidelity Investments. Our technician are 
expert at configuring all Alpha operating y tems and applications, 
and you will not find more technically competent ale people anywhere. 

System Perfor ance 
Microway understand the Importance of 
balancing fast CPUs with equally fast 
caches, memory and peripheral including 

C I hard drives, 3D graphic card and 
RAID solutions. Mlcroway's exclu ive 4MB 

SRAM cache, fed by a 
144-bit Wide memory y -
tern, boo t performance 
by up to 30%. It 64-blt 
PCI bu i dnven by a 
tate-of-the-art Digital 

chip et that feed 32-
and 64-bit PCI ockets. 

Microway's creamer ... "is, quite simply, 
the fastest Windows NT fIl{lchine on the 
planet . .. The performance leader." 

PC Computine - July, 1997 

I AlphnPowered 

Numeric Performance 
Microway produce one of the fine t numenc optimized com
pliers - DP Fortran. ince 19 6, hundred of application 
have been ported to the X 6 with It. On a 600 MHz 21164, a 
d t product kernel we use for compiler te.sting achieve -a mind
boggling 112 megaflop!!! U ing hand-coded BLA' and FFT' , 
our new DP VD P library hits 343 megaflop triangularizmg 
dense array and performs a 1024 complex FIT m 200 mlcro-
econd. 

For a complete description of the optimization facllttie pro
vided by DP Fortran or C, our creamer y tern - and 
motherboard pricing call SO -746-7341 or VI It our WEB Ite 
at: http://www.microwa.com. 

Dlglt.l. Alrha. anJ DIgit .. , UNIX TM Diglt.1. 
V,sual B:u1C. T. Excel.n'! Word TM MocrotOtt. 

_ "rram~r OP F lrtran and -{Iero,,: .. TM Mlcn-way. 

nn,ln",., You Can Count On 

Corporate Headquarters: Research Park, Box 79, Kingston, MA 02364 USA - TEL 508-746-7341 - FAX 508-746-4678 
www.microway.com.info@microway.com - France 33 491826312 - Germany 496997650001 - India 91806637770 
Italy 39 290782776 - Japan 81 64593113 - Korea 8225561257 - Poland 48 22487172 - Spain 34 35809444 - UK 44 1819446222 
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Fixtures for Vectorial Characterization of 
Submillimeter-Wave Circuits 
It should soon become possible to make vectorial measurements at frequencies up to 1 THz. 
~ :As Jet Propulsion Labom tory, Pasadena, California 

Convenient probe fixture for mea-
uring the input and output electrical 

characteri tic of monolithic micro
wave integrated circuits (MMI ) at 
frequencies of hundred of gigahertz 
are undergoing development. The e 
fixture contain flexible mechanism 
for rapid mechanical and electrical 
attachment to MMICs, and provide for 

bia input and/ or low-frequency out
put. Both coplanar-waveguide and 
micro trip ver ion are available. One 
prototype fixture is de igned for fre
quencie up to 640 GHz, and parts of it 
have been te ted at 160 GHz. The 
probe-fixture de igns are frequenc 
calable, 0 that it hould soon become 

po ible to realize the potential of 

Input and Output Ridge Waveguide 
Transitions (See detail views at right) 

Waveguide Port 

~~~U 
Spring 

Plunger 

modern network analyzer for te ting 
MMICs at fr quencie up to 1 THz. 

A probe fIXture of thi type ( ee fig
ure) include a hou ing in the form ofa 
split waveguide block. The plit wave
guide configuration makes it fairly easy 
to machine waveguide. Fabrication and 
etup are implified further by making 

the input and output ports collinear. 

MMIC With Microstrip 
Line on Substrate 

SIDE VIEW OF HALF WAVEGUIDE BLOCK WITH RIDGE-WAVEGUIDE 
TRANSITIONS, CONTACT MECHANISM, AND MMIC IN PLACE 

WAVEGUIDE-TO-MICROSTRIP TRANSITION 

Halves of SPlit/I--____ -J 
Waveguide Block 

DC or Low-Frequency Port 

TOP VIEW WITH MMIC IN PLACE 

Metallic Ridge 

Plunger 

J---L MMIC With Coplanar 
Waveguide on Substrate 

WAVEGUIDE-TO-COPLANAR-WAVEGUIDE TRANSITION 

This Probe Fixture in a split waveguide block incorporates several novel features to achieve an advance in characterization of MMICs at frequencies of hun
dreds of gigahertz. 
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Introducing tough new grades of DuPont Vespel just for semi

conductor manufacturing. Want better performance than ceramics. 

Quartz. polyimides - even Vespe SP-1- in viscous wafer lJIlCIlSSing 

Plasma Expo.u,. Preliminary Da1a 
Pe~ent Weight Change 

~ I----

Time, minutes 

New grades of Vesper for semiconductors outlast Spot 

enVironments' Want more uptime? Lower ownership 

costs? Fewer particulates? Then try the new grades 

of Vespel polyimide parts. And you can also get less 

friction. Reduced outgassing. And superior performance in temperatures as 

high as 550'F Available in sizes up to 18 inches in diameter. new Vespel 

is easy on wafers. and it's backed by the kind of support everybody can use 

these days: High product Quality. Component R&D Sophisticated polymer 

technology. And a reliable supply 

anywhere In the world. For more 

information. calil-BOO-972-7252. And 

keep component failure from biting 

you in the ... well. you get the picture 

c®PONP. 
Vespel 
polyimide parts 
and hape 
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nlike in a typical probe fncture 
designed for lower frequencie , radio
frequency contact with an MMlC to be 
characterized i not effected with a coax
ial micro trip or coplanar-waveguide 
probe. In tead, radio-frequency contact 
with the MMIC device is made via two 
ridge waveguide transitions, which are of 
either (a) a waveguide-to-coplanar-wave
guide design or else (b) a waveguide-to
microstrip design, depending on the 
nature of the MMIC device to be charac
terized. The ridge waveguide tran itions 
are fabricated on thin metallic sheets by 

a photolithographic etching proce , 
and are then mounted permanentl in 
the waveguide block. 

The MMIC to be characterized is 
placed on a pring-loaded plunger, 
which is used to contact nonde rructive
Iy the ridge tran ition with pads on the 
urface of the MMIC chip. A micrometer 

is used to pre urize the spring contact 
accurately. Acce s to the MMIC for bias 
or low-frequency input! output is provid
ed by radio-frequency-isolated, micro
strip-style conductors within the wave
guide block in the plane of the MMIC 

chip. The e conductors are terminated 
in wire bonds to the MMIC chip and in 

MA connectors mow1ted to the outside 
of the waveguide block. 

This work was done by Jean Bruston, Peter 
H. Siege~ and Pete Bruneau of Caltech for 
NASA's J e t Propulsion Laboratory. For 
further injonnation, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Circuits category, ar circle 
no. 103 on the TSP Order card in this issue 
to receive a copy by mail ($5 charge). 
NPO-19949 

~ Power-Delay Circuit for AC-Turn-On and AC-Turn-Off Tests 
Turn-on and turn-off delays are selectable at phase resolution of 10°. 

Lewis Research Center, Cleveland, Ohio 

A power-delay circuit has been 
designed for use in ac-turn-on (inrush) 
and ac-turnoff tests of other electronic 
equipment. Standard testing for electro
magnetic interference includes such 
te ts. Inrush tests pertain to (a) the tran
sient current drawn when a piece of 
equipment is initially turned on and (b) 
the effect of this transien t current on 
the power-line voltage. In another tran-

Power 

sient associated with turn-off, power is 
reflected back to the source. In the case 
of dc equipment, the constancy of the 
supply voltage makes turn-on and turn
off testing a fairly straightforward prob
lem. In the case of ac equipment, tile 
periodicity of the supply voltage compli
cates the testing p roblem. 

Th e power-delay circuit itself oper
ates from 120 Vac. The input to the 

load under test may be any ac line volt
age up to 120 Vat a maximum peak 
load of20 A at either 60 or 400 Hz. The 
rise and fall times of the s,vitched load 
current are less than 5 JlS. The circuit 
enables the tester to choo e any turn
on delay in the phase range of 0 to 
360·, with a resolution of 10·, at either 
power-line fre quency. 

The circuit (see figure) was designed 

Input Circuit I Test J Full-Wave I MOSFET . 
Breaker I Load I Rectifier I 

r 
Zero-Crossover MOSFET 

"OR" Gate Driver Detector ,--

t 
Gated Clock: Latch 

2.16 or 14.4 kHz 

1 t 
I ·On" Delay Selector Switch r-J 

I I 
·On" Pushbutton 

Switch and "On"lZero-Crossover ·On"/Gated-Clock r ' On" Decade I----- ·On" Decade 
Switch-Debouncing Synchronizer Synchronizer Counter Counter 

Circuit 

.I ·Off" Delay Selector Switch 
L 

I I "Off' Pushbutton 
Switch and -----l "Off"lZero-crossover "Off"/Gated-Clock "Off" Decade I-----+- "Off" Decade 

Switch-Debouncing Synchronizer Synchronizer Counter Counter 
Circuit 

The Power-Delay Circuit sets the time of turning on or turning off power to the test load; the time turn-<ln or turn-off time can be set to within 1/36 of a 
cycle at a power-line frequency of either 60 or 400 Hz. 
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If You Think Omron Only Makes Relays, 
Read Between OUf Lines. 

I t's true we're the world's number 

one relay supplier. 0 it's not 

surprising to learn that design engineers 

and pecifiers know u for our relays. 

But we also manufacture the 

world's most complete line of switches 

and photomicrosensors. 

For years we've been building all 

types of switches, photomicrosensors, 

and relays for leading companie mat 

manufacture telecommunications 

products, home and office electronics, 

computer peripherals, appliances, and 

lNAC equipment, just to name a few. 

Provm rr/iabiliry 
makes Omron 
rrlays, switches, 
andphoto
microumors thr 
prif~ed choice 
of tksign mgineers 
and sptcifiers 
worMwide. 

What does all this mean? 111a[' 

imple. Our expertise has led [0 the 

development of standard components 

for all kinds of applications. And when 

you can fit a standard switch to your 

custom application, you're looking at a 

considerable cost savings. Plus you'll 

see your design go into production that 

much faster. 

In switches alone, we have basic 

switche , mechanical keyswitches, 

rotary and in-line DIP, thumbwheel and 

rocker Witches, amplified and non-

amplified photomicrosensors, PCB 

mount and connector-ready photo

microsensors. as well as lighted and 

oil-tight pushbuuons. 

And everything Omron makes is 

1QOlio tested, available to you world-

wide and backed up by outstanding 

technical and distribution support. 

To find out if Omron has the 

component solution you're looking for, 

call now to receive our tandard 

Producrs Catalog or visit our web site at 

http://www.oei.omron.com. For a 

directory of tecrunical data sheers, call 

Contro/Fax at 1-&+ -843-1963 and a k 

for documem =50. 

If you respond to innovation and 

more effident way of doing busin 

it' a tory worth reading. 

1-800-55-0MRON 

ASK FOR OUR STANDARD PRODUCTS 
CATALoa. IT' S FRBEI 

omRon 
WE HAVE TIt: FUJ1IIE ft CO'fiROl. 
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around readily available components 
for convenience. A zero-cro over detec
tor generates a pul e each time the 
instantaneous power-line potential 
cro es from a negative to a positive 
value. The zero-cro sover pulse is opti
cally coupled to a pair of synchronizers, 
along with the outputs of either an "on" 
or an "off' pushbutton-switch/ debounc
ing-circuit unit. The outputs of the 
affected synchronizer is a pulse synchro
nized with a zero crossover. 

A clock gated by the "on" or "off' 
zero-crossover synchronizer pulse gen
erates a square wave at a frequency of 
2.16 kHz for a 60-Hz power line, or else 
1.4 kHz for a 400-Hz power line. This 
gated clock is what provides the 10° 

pha e resolution. One in another pair 
of ynchronizer generate an "on" or 
"off' signal synchronized to the gated 
clock ignal. The "on" or "off' ignal is 
counted to the selected delay by a pair 
of cascaded decade counters synchro
nized to the gated clock. 

The "on" or "off' ignal is routed to a 
latch that hold off the power to the te t 
load until the desired turn-on time, 
then keeps the power to the load turned 
on until the latch is reset by the "off" 
delay circuit. The output of the latch 
drives "on" and "off' indicator light
emitting diode and is optically coupled 
to a driver for a metal oxide emicon
ductor field-effect transistor (MOS
FET). Inasmuch as a MOSFET is a dc 

device, a bridge rectifier compri ing 
ultra-fast-recover diodes i u ed to 

enable switching of the input ac power 
with the MO FET. An ultra-fast-recovery 
diode is u ed as a flyback device to 

improve the fall time of the circui t. 
This work was done by Dennis Eichen

berg and oel B. Sargent of Lewis R e
search Center and Michael Herlacher of 
Cortez III. 0 further documentation 
is available. 

Inquiries concerning rights for the com
mercial use of this invention should be 
addressed to ItSA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-16462. 

~ Circular Array Antenna With Microstrip-to-Slot Transitions 
This relatively simple, low-pro me antenna provides a toroidal radiation pattern. 
Lewis Research Center; Cleveland, Ohio 

Figure 1 illustrates various aspects of a 
low-profile microwave antenna that 
could be mounted on the roof of a vehi
cle for use in mobile/ atellite communi
cation. This, antenna includes a circular 
array of end-fire, linearly tapered slot 
antenna elements. It radiates in the radi
al direction in the azimuth (nominally 
horizontal) plane, providing an overall 
toroidal radiation pattern with a tilt 
above the horizon. Unlike other low
profile antennas, this one produces the 
desired omnidirectional radiation pat
tern, without need for phase shifters or 
scanning mechanisms. Other advan
tages of this antenna include high ele
ment gain, operation over a wide fre
quency band, equal beam width in two 
orthogonal planes by proper choice of 
flare angle, and simple construction. 

The tilt above the horizon is achieved 
by placing the array above a ground 
plane, which also simulate the metal 
roof of a vehicle. The antenna is con
nected to a coaxial cable at its center via 
a modified OS-50 coaxial connector that 
surface-launches the microwave power. 
A micros trip feed network of Tjunctions 
and right-angle bends constitutes a 16-
way power splitter between the coaxial 
cable and the 16 radial strip line . The 
characteristic impedance of the 
microstrip lines is 50 Q and is main
tained throughout the splitter. Each of 
the 16 microstrip lines in the outermost 
part of the power splitter is electromag
netically coupled to one of the slots in 
the array. Electromagnetic coupling 
eliminate pin and solder connection 

54 

and thereby increases reliability and low
ers the cost. It also widens the opera
tional frequency band, which is centered 
at a nominal frequency of 18 GHz. 

The top part of Figure 2 shows H
plane radiation patterns measured with 
and without a metal ground plane under 
the antenna. In the presence of the 
ground plane, the pattern is displaced 

Dielectric 
Foam Spacer 

Scm 

upward about 28° in elevation and the 3-
dB angular width of the beam in eleva
tion is about 220. Tilting the array in ele
vation enables one to measure the E
plane radiation pattern; the bottom part 
of Figure 2 shows a typical peak pattern, 
in which the ripple is ±2 dB. Rotating 
the antenna in increments of 900 

enables one to measure the E-plane pat-

RT-S880 Duroid 
(or Equivalent) 

Dielectric Substrate 
0.254 mm Thick, 

Relative Permittivity 2.2 

-V 

-Coaxial Connector 

Figure 1. This Low-Profile Antenna includes a power-dividing microstrip feed network electromag· 
netically coupled to a circular array of 16 linearly tapered slot antenna elements. D. = 16 em, D. = 30 
em, and Sg = 5 mm, which is 0.286 x the free-space wavelength at the nominal frequency of 18 GHz. 
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tern for each of four quadrants. The 
four radiation patterns are found to be 
very similar, demonstrating that the 
antenna has an omnidirectional charac
teristic in the azimuth plane. 

The measured return los of the 
antenna at Lhe coaxial port is less than 
-10 dB (at 2:1 voltage standing-wave 
ratio) over the frequency range from 18 
to 20 GHz. The antenna exhibits a gain 
of about 10 dB. The height of the anten
na is les than 10 mm. By adding a four
way S\\itch to the feed network, one 
could convert the antenna to multi beam 
operation for cellular communication. 

This work was done by Richard Q Lee 
and Susan Reinecke of Lewis Research 
Center, Eron S. Kelly of Princeton Universi
ty, and Rainee N. Simons of NYA-fA, Inc. FOT 

fur/her information, access the Technical 
Support Package (TSP) free on-li7le at 
www.71asatech.com under the Electronic 
Components and Circuits category, or circle 
no. 113 on the TSP Order card in this issue 
to receive a copy by mail ($5 charge). 

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 Rd., 
Cleveland, OR 44135. Refer to LEW-I 6283. 
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Figure 2. These Radiation Patterns indicate that the antenna has the desired directional characteris
tic in the elevation plane and the desired omnidirectional characteristic in the azimuth plane. 
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An easy-to use, load & go 
data acquisition system 
with powerful, built-in 
analysis software. 

• View 4 display frames 
concurrently on a single display 

• Real time continuous hard copy 
Dual sample rates 

• Display and analyze up to 16 inputs 
Operate on multiple data sets 
simultaneously 

GOULD 
Instrument Systems 

1·800-372·4530 
www.gouldis.com 
fax: 216·328·7400 
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Maximize the performance of your applications with the powerful combination of the Compaq Professional 

Workstations and Microsoft Windows NT. The Compaq Professional Workstation 6000 is designed with our 

innovative Highly Parallel System Architecture, which ~ Bench 97 - Pro/ENGINEER I.maller i. better) 

delivers 1.07GB/s of application memory bandwidth. 

With this industry-standard architecture running Windows 

NT, you gel performance for superior 10 thai of most UNIX 

workstations. All of which means that your highly demand-
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ing CAD/CAE applications will run faster and more efficienrly. leading applications like Pro/ENGINEER, IDEAS~ 

Moster Series, Unigrophics, Solid Works 97, MicroStation, ANSYS/Multiphysics, MSC/NASTRAN, flUENT and 

AutoCAD. Thanks to the powerful yet Rexible Windows NT Workstation operating system, you can now run your 

day-to-day business applications and your CAD/CAE applications on a single workstation. So unlike a pro-

prietary UNIX system, you don't need a second machine. And because Windows NT supports standard UNIX 

protocols, the Compaq Professional Workstation 6000 easily interoperates with legacy UNIX systems, allowing for 

seamless integration into your current environment. And according to a Deloitte & Touche study, the overage 

3-year total cost of ownership for a technical workstation running Windows NT was 37% lower than for 

comparable UNIX machines~ Would you expect any less from the company that sells more computers and 

from the company that sells more software than anyone else on the planet? For more information, visit us at 

www.compaq.com/products/workstations/ or www.microsoft.com/NTworkstation/ 
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• High-Resolution Decoder for Multianode Detectors 
Resolution is doubled by discriminating between even- and odd-fold anode pulses. 
Goddard Space Flight Center, Greenbelt, Maryland 

An improved decoding circuit for a 
multianode microchannel-array (MAMA) 
detector doubles the patial resolution 
over that previously available, without 
los of temporal re olution. As ex
plained below, it does this by a scheme 
that includes parallel proces ing of a 
least-significant bit, indicative of the 
pixel location, during the normal signal
processing period. 

The MAMA is a photon-counting 
detector that employs a photocathode 
for photon/ electron conversion and a 
microchannel plate for electron multi
plication. The output of the microchan
nel plate is taken in the form of pulses of 
electrons that impinge on an array of 
cro sed sets of interdigitating anodes 
( ee Figure 1). The anodes shown deter
mine the horizontal position of a pho
ton event. The vertical position is deter
mined by another pair of interdigitating 
anode sets (not shown) , which run 
underneath and perpendicular to the 
first pair of anode sets. Charge amplifier 
circuits amplifY the signals detected by 
the anodes. A digital decoder circuit 
interprets the outputs to determine the 
position of an event. The decoder does 
this through coincidence discrimina-

. tion, which is the proces of identifying 
two or more contiguous anodes that 
experience electron pulses that are coin
cident in time and inferring the pixel 
location of an event. 

As shown at the bottom of Figure 1, a 
photon can give rise to simultaneous 
pul es in two or more adjacent anodes in 
one of the crossed sets; such a pulse is 
known in the industry as an Un-fold," 
where n denotes the number of anodes 
involved. Also, note that a pixel is 
bounded along one axis by the center
lines of two adjacent anodes. For pur
po es of determining po ition, any 7~ 

fold with n even and n > 2 can be 
reduced by the decoding circuitry to an 
equivalent 2-fold that occupies the same 
central pixel as does the n-fold. 
However, an n-fold with n odd could be 
converted to an equivalent 2-fold that 
could be assigned to either one of two 
adjacent pixels. This affords an opportu
nity to halve the effective pixel size (dou-

58 

Photocathode 
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Plate 
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MULTIANODE MICROCHANNEL-ARRAY DETECTOR AND ASSOCIATED ELECTRONICS 
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MAGNIFIED AND SIMPLIFIED VIEW OF UPPER LEVEL OF ARRAY OF ANODES 
(THIS LEVEL MEASURES POSITION IN X: LOWER LEVEL MEASURES POSITION IN Y) 

Figure 1. Decoders Determine t he Posit ion of a photon by coincidence discrimination among pulses 
of electrons collected by an array of anodes. 

ble the re olution by assigning the equiv
alent 2-fold to the position midway 
between the pixel ). 

The improved decoder is fabricated as 
an application- pecific integrated circuit 

www.nasatech.com 

(ASIC) . This ASIC discriminates be
tw·een even-folds and odd-fold to gener
ate a single least-significant bit indicative 
of half the pixel interval that was avail
able previously. 
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PCSPIMs 

T he pcs Plus. the premier member of a family of solid state power conditioning systems 
from DRS Laurel Technologies. is a power conditioning system PLUS a whole lot more. 

The PCS Plus offers superior power conditioning. higher power. regulated DC supplies and a 
UPS charging system in a single. compact. lightweight unit. 

Reliability and Quality 
Assembled at our ISO 9002 certified facility. the PCS Plus offers superior reliability and 
quality by virtue of our consistent, well documented manufacturing processes. 

Efficiency 
The PCS Plus alleviates the need for costly external solutions to power line emissions by 
eliminating EMIIRFI problems at the source. The output voltage of the power conditioning 
portion of the PCS Plus is regulated to ± 2% and, a such. maximize the efficiency of any 
additional downstream converters. 

Performance 
All of our power conditioners accept un.fiItered AC line voltage. condition it and convert it to 
DC capacity. The PCS Plus filters and regulates power as it provides multi-output DC supply 
to electronic equipment, providing protection against surges and harmonic currents. The PCS 
Plus also provides a charging and control system so that it can serve as an uninterruptible 
power supply with the addition of a battery module. 

Requirements 
All of our solid state power conditioning y tems meet requirements and standards for both 
industrial and military applications. 

Weight/Space/Cost Savings 
The PCS Plus i a compact unit and offers a weight savings of approximately 80 Ibs. compared 
to similar ferroresonant transformers coupled to solid tate switching supplies. 

Input Characteristics: 

Voltage: 85 to 264 Vnns 
Three phase, either delta or wye 
47 10 440 Hz line frequency 
(Mi1-Std-1399/300A) Compliance for 

Types I. n and ill 

Current: 
Inrush limited to <15 Amps peak 
Maximum 11.3 Arms (three phase line). 
<3mAm» on wye neutral 
Power Factor Correction >98% 

Electromagnetic Compatibility: 
FFC docket 20780 and ¥DE 0871 Compliant 
MiI-Std-46ID Conducted Emissions CBI0l 
IEC 1000-3-2 (EN 61000-3-2) Compliant 

Protection: 
Internally fused 
3750 ¥DC High Potential Insulation 
Breakdown 

Safety ground leakage <3.6 mArms 
(Mil-Std-2036) 

Output Characteristics 

Power: 
Current: 
Voltage: 

Efficiency: 

2.5 kW 
8.3 Amps 
5 VDC 160 Amps (200A) 
12 ¥DC 10 Amps 3 Outputs 
28VDC 7.1 A 
15VDC 13 A 
54.4 ¥DC For charging four 

12 V battery cells 
Conducted Output Ripple <0.3% 

80% (at full load, 72%, 
minimum) 

Protection: Overvoltage 125% 
Overcurrent 125-140% 

TIL Status Interface: 
AC Fail. Battery Low, Charge On. Charge 
Complete. ON Battery. and Fan Failure 

Control Inputs: 
Inhibit Output. Inhibit Charge, Inhibit UPS. 
and Reset 

Mechanical Characteristics 

Operating Temperature: 
-20 to +55·C (-4 to +13I°F) 
Weight: 33 Ibs. 
Size (in inches): IOh lC 15.25w x lId 

Reliability and Quality 
MTBF: 75,000 hours at 45°C 
!SO 9002 Certified World Class 

Manufacturing Facility 
Approved Mil-Q-9858A and Mil-I-45208A 

QUality programs 
Workmanship: IPC-A-610B Class 3. 
Soldering: ANSlIJ-STD-OOlB 
Warranty: Unlimited guarantee against 

defects in material and workmanship 

DRS LAUREL TECHNOLOGIES 

423WoltersAvenue Johnstown, PA 15904 Moin 814.269.4141 Morketing 814 .269.9000 Fox 814.269.4661 hHp:/Iwww.lrltech.com 

For More Information Circle No. 566 



Thi operation is performed in parallel 
with the tandard decoding. with no 10 
of decoder peed and nece itate the 
addition of minimal hardware to the tan
dard decoding circuitry. (However. the 
ize of the memory must be quadrupled.) 

High-re olution decoding drarnatical
I improve image quality. as iIlu trated 
in Figure 2. which hm a normal low
re olution image of a portion of a SAF 
test target and a high-re olution image 
of the arne target. The high-resolution 
image re olve much smaller features 
and di plays greater detail. The image 
were recorded with a l&-bit depth. but 
they are di played in an 8-bit mode. 
Therefore. the brightest areas of the 
images. uch as the inner portion of the 
large t rectangles. experience "roll-over" 
in the displayed image. 

This work was done by David B. Kask of 
Goddard Space Flight Center. For further 
information. access the Technical Support 
Package (TSP) free on-line at www.nasatech. 
com under the Ekctronic Systems category, or 

lOW RESOlUTlON (2)( MAGNtFlCA TION) HIGH RESOlUTlOH 

Figure 2. High-Resolution Decoding produces superior image shown on the right. For comparison. the 
left side shows normal-resolution image (2x magnification) of a portion of a USAF test target. 

circle no. 131 on the TSP Order Card in this 
issue to receive a cofrj by mail ( 5 charge). 

This invention is owned by NASA, and a 
patent application has been fikd. Inquiries con-

cerning nonexclusive or exclusive license for its 
commercial development should be addressed to 
the Patent Counse~ Goddard Space Right 
Center; (301) 286-7351. Refer to GSC-13478. 

• N europrocessor for Detecting Misfire in an Automotive Engine 
Indications of misfire are derived from crankshaft-acceleration and other sensory inputs. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An application-specific integrated cir
cuit (ASIC) has been developed as a pro
totype of neuroproce sors for detecting 
misfire in internal-combustion piston 
engines. Such neuroprocessors are 
intended to satisfy a requirement. 
imposed by the Federal government 
pursuant to the Clean Air Act. to equip 
automobiles with onboard diagnostic 
capabilities that include a misfire-detec
tion capability. 

Engine misfire is defined as incom
pletene s or absence of combustion in a 
given cylinder at its intended time of fir
ing. Misfire causes a diminution or loss 
of the torque pulse that the firing is 
intended to produce. giving ri e to a 
deficit in crankshaft torque or accelera
tion. The detection of an acceleration 
deficit is the basis for detecting a misfire, 
but the detection problem is complicat
ed in that the acceleration-deficit signal 
is obscured by crankshaft tor ional 0 cil
lations. which are dominated by the 
more-frequently-occurring normal com
bustion events. A neuroprocessor was 
chosen for this diagnostic task because 
engine-control microproce sor now in 
common use cannot efficiently perform 
the complex mathematical operation 
necessary to extract misfire signals from 
the outputs of engine sen ors. 

The neuroprocessor receives four en-
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Crankshaft Acceleration 

Crankshaft Speed 

Load 

Recurrent Neural 
Network 

Diagnosis: 
Misfire or Normal Fire 

Cylinder Identification 

Figure 1. A Neural Network with time-lagged feedback in two hidden layers processes four sensory 
inputs to obtain indications of misfire. 

sory inputs (see Figure 1) , of which two 
are crankshaft speed and acceleration sig
nals, computed as time derivatives of the 
output of a crankshaft-angular-position 
sensor; these derivatives are computed at 
small crankshaft-angle intervals between 
nominal firings. The third sensory input is 
an indication of which cylinder firing is 
the one currently under ob ervation; this 
input may not be strictly necessary. but is 
desirable in that it provides relatively 
clean phase information and enables the 
neuroprocessor to synchronize itself more 
rapidly with engine cycles as operating 
conditions change. The fourth sensory 
input is an engine-load signal. 

The neuroprocessor is characterized 
as a recurrent neural network with four 
inputs (not counting a bias input). 20 
time-lagged recurrent nodes (neurons) 
in a first hidden layer. 10 time-lagged 

www.nasatech.com 

recurrent nodes in a econd hidden 
layer. and a single output node. The neu
roprocessor ASIC is implemented in 
high-speed complementary metal 
oxide/semiconductor (CMOS) very
large-scale integrated (VLSI) circuitry 
with a bit-serial architecture. which 
makes for compactne s and cost-effec
tiveness because (1) it entails fewer inter
connection and Ie hardware than does 
bit-parallel architecture and (2) it 
involves the periodic. repetitive use of 
the sarne circuitry in a time multiplexing 
scheme to implement ucce ive layers in 
the neural network ( ee Figure 2). Such 
an architecture is feasible in the automo
tive diagnostic application because the 
engine peeds are low enough and the 
electronic circuitry operates rapidly 
enough that all electronic neural-net
work processes for a given input/output 
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sampling period can be completed 
before the beginning of the next period. 

The neural network is trained by the 
dynamic back-propagation method, using 
data from known normal-fire and misfire 
events under a large variety of operating 
conditions. The target output for the neu
roprocessor is a +1 or a -1, according to 
whether or not the processing of inputs 
reveals a misfire 8 time steps earlier. The 
S-time-step offset was found, in prelimi
nary training trials, to enable the neural 
network to utilize sensory information 
from hort.lived disturbances that persist 
for an engine cycle after a normal-fire or 
misfire events that the network is required 
to classify. 

The foregoing combination of fearures 
affords tlexibility to realize different 
neural-network configurations for differ
ent diagnostic functions. A neural net
work of this type is believed to be capable 
of functioning as a univer al dynamic 
approximator in that it can be made to 
approximate any dynamic transfer func
tion to arbitrary accuracy, provided that it 
is configured with a suitable number of 
nodes in hidden layers. Inasmuch as any 
neural network could, in principle, be 
compo ed of neural-network building
block integrated-circuit chips, this 
approach offers the opportunity to trade 
off computation speed versus cost (more 
chip with less time multiplexing versus 
fewer chips with more time multiplex
ing). This approach also enables the u e 
of tJ1e same chips for multiple tasks. In 
effect, the number of chips needed is 
determined by the time constraints on 
the computation, and multiple tasks can 
be performed by storing and loading the 
weights for the transfer functIon of each 
task at the time of that task. 

This w01'k was done by Raoul Tawel and 
Nazeeh Aranki O'f Cal/eeh and Lee A. 
Feldcamp, Kenrurth Marko, Gintaras Pus
korius, and JO'hn James O'f Furd MO'tor CO'. fOT 
NASA's J et Propulsion Laboratory. For 
further i1lformation, aceess the Technical 
Support Package (TSP) free ol!-line at www. 
tUlSaiech.com under 1M Electronic Systems 
catego')', or circle no. 152 on tM TSP Order 
Card in this isslU to' receive a copy by mail 
( 5 charge). 

In accordance with Public Law 96-517, 
IhR contractor has eleclRd to retain title to' this 
invenlion. Inquiries concerning rights for its 
commercial use should be addressed to 

Technology Reporting OffICI! 
JPL 
Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 911 09 
(818) 354-2240 
Refer to NP0-20044, vO'lume and num

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

Neural Circuits 
Used at One 
Time Step 

Neural Circuits 
Used at the 

Next Time Step 

Figure 2. A Time Multiplexing Scheme enables the reuse of the same neural circuits to implement suc
cessive layers of the neural network. The neural network shown here is not the one described in the 
text, but, rather, a simplified feedforward neural network for the purpose of illustrating the time
multiplexing scheme. 

Imagine! Fast 
Morphology for about 
$30 It's from 

Sumitomo, 
of course. 

If your des91 calls for a rank value filter that quickly extracts minimum, 
maximum and median values in real time without breaking your 
budget. Sumitomo Metals has the answer. Our IP9OC20 processes 
at 50 MHz so it's perfect for high·speed. high-densily image data. 

But we didn't stop there. Selecting the operating mode is easy. 
it has low power demand (CMOS process), uses a 5V single power 
source and has a 44-pin package for a wide variely of applications. 
All at an unbeatable price. 

For detailed specs and more information on Sumitomo's family 
of reliable and inexpensive pipeline processors for image processing 
and machine Vision, contact us now. 

~ SUMITOMO METALS 
"'-'V 1-800-392-4447 

Park 80 West Plaza 1, 3rd Roar. Saddle Brook. NJ 07663 
Phone: (201)845-0980 Fax: (20D 845·5139 

5201 Great America Parkway, Surte 320. Santa Clara, CA 95054 
Phone: (408) 982·2503 Fax: (408) 982·2522 

Visrt us at WINW.smi·lsi.com 

For More Information Circle No. 416 61 



@ Rotational Apparatus for Heat-Transfer Experiments 
Data acquired in experiments could lead to improved cooling of turbine blades. 
Lewis Research Center, Cleveland, Ohio 

The figure illu trates a laboratory 
apparatus that has been proposed for 
experiments on local heat transfer in 
and around passages in a rotating arm. 
The passage geometries and the flows 
along the passages would be chosen to 
model heat-transfer and flow conditions 
like those in the coolant passages of the 
blades of gas-turbine engines. It is nec
essary to perform such experimental 
modeling because there is very little 
published experimental information on 
local heat transfer (as distinguished 
from spatially averaged heat transfer) in 
passages in the presence of rotation. 
The data acquired in experiments on 
the proposed apparatus would con
tribute to understanding of local heat 
transfer in gas-turbine blades, thereby 
helping engineers to design blades for 
efficient cooling. 

In a gas-turbine engine, cooling air is 
bled from a compressor (which is part 
of the engine) and directed to flow 
along the internal passage of the tur
bine blades; of course, this cooling 
bleed flow is obtained at the expense of 
total engine output. To maximize turbu
lence in order to maximize the transfer 
of heat from the blade to the cooling 
ail~ ribs are cast onto two opposite walls 
of each passage. Rib-induced separation 
and attachment of flow along the pas
sages create zones of high and low heat 
transfer. Rotation aggravates the 
nonuniformity of heat transfer by push
ing the flow onto the pressure side 
(where heat transfer is thus increased) 
and away from the suction side (where 
heat transfer is thus reduced). 
Therefore, it is necessary to determine 
coefficients of local heat transfer in 
order to identify hot spots and quantify 
enhancements of heat transfer on lead
ing and trailing passage walls in the 
presence of rotation. Moreover, coeffi
cients of local convective transfer of 
heat between hot gases and blades are 
greater than the thermal conductivities 
of the blades; thus, a blade designer 
cannot rely on the thermal conductivity 
of the blade to smooth out local errors 
in computed heat fluxes, and this makes 
it imperative to know the coefficients of 
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local heat transfer within the blade pas
sages in great detail. 

The arm of the proposed apparatus 
would be designed to accommodate pas
sages of various geometrie . By u e of a 
naphthalene-sublimation technique, 
local coefficients of heat and mass trans
fer would be determined for a variety of 
flow/geometry combinations, including 
flows in rib-roughened, multipass chan
nels, multiple jets impinging near the 
leading edge of a blade, and flows 
around pin-fins near the trailing edge of 
a blade. Distribution of pressure would 
be measured by use of a switching-valve 

Rotating 

Three-Pass Ribbed 
Rectangular Channel 

Rotating Arm .............. 

Union L-=~!f!!~~!!1~~~ 

~ 
Counterweight 

t 

Experiments have been conducted in 
a two-pass, square-cross-section channel 
on a mall- cale prototype of the pro
posed apparatus, 1.1 ing the naphthalene
sublimation technique. Local di tribu
tions of heat and mass transfer were 
obtained in cases in which ribs were 
aligned at various angles. The most sig
nificant finding from these experiments 
was that high rate of heat and mass 
tran fer on the trailing wall can be 
achieved with ribs smaller than those 
used conventionally (hydraulic-diameter
to-rib-height ratios of 16 or 32 instead of 
the conventional values of 8 to 10). 

Pressure Taps 

Pressure Transducer 
and Switching Valves for 
Pressure Measurements 

I 

Experiments on Heat Transfer in a channel on a rotating arm would be performed to gain under
standing of thermal and flow phenomena in coolant passages of gas-turbine blades. 

unit that would sequentially connect 
the transducer to pressure tap at 
various locations in the passages. A 
slipring assembly would be included to 
provide an option for conducting heat
transfer experiments. 

www.nasatech.com 

This work was done by Rajesh Kukreja of 
Lynntech, Inc., for Lewis Research Center. 
For further inJonnation, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Physical 
Sciences category, or circle no. 127 on the 
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Our Low-Cost, Thermostatic Switch 
Will Keep Your Hot New Designs 

Running Cool. 

The new AD22105 solid-state thermostatic 
switch lets you tackle your hot new designs 
without fear of overheating. And it will ave 
power, space and cost in the bargain. 

Simple, Programmable Thermal Control 
With Built-In Hystere is 
Using only one external resistor, you can 
program the AD22105 to ac urately witch at 
any ingle temperature from -400 to + 1500 C. 
When system temperature reache your critical 
design limit, the device' open collector output is 
activated allowing you to control your ystem 

and maintain a safe thermal balance. And you 
never have to worry about rapid on/off cycling 
thanks to 40 of hysteresis. 

Easy To Use Under All Conditions 
The AD22105 also provides low power dissipation 
with ingle-supply voltages from 2.7 V to 7.0 V, 
and comes in a small 8-lead SOIC for just $1.09*. 
So this easy-to-use switch is ideal for even the 
den est designs in automotive and industrial 
control systems, as well as battery-powered 
portables or CPU monitoring. 

The AD22105 is the ultimate in 
simple, thermal management and 
protection. U e it to keep your 
hot new de igns "Ie" 001. 

ANALOG 
DEVICES 

Analog. Digiral. Solurions. 

Analog DevIce, Inc., One Technology Wa}', P.O. 80" 9106. z-.:orwood, MA 02062·9106. 
Di,tnbuoon, offices and application support available worldwide . 

• USD 1,0005, recommended resale, FOB U .. A. 
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ftlke COlltrol 0# MJur 
Positioll' 

But dOll't do it 1I101le, 
let Dlltll Je~ltllo/ollV Itelp you 

witlt olle 0# our mllllY 
IIVllilllble ell~oders. 

SMI5 Advanced Small 
Industrial Encoder 

• Available in line counts up to 2000 PPR • Miniature shielded 
ball bearings' Fast operating speeds (200 kHz) • Shaft 
loading max: Radial 4.4 Ibs., Axial 2.2 Ibs .• Bearing life: 

11 .2 x 10' revolutions' Dual channel 900 phased with 
optional index pulse' Available with differential outputs 

• Une driver a standard' TTL & CMOS compatible 

~ 

~' - - \1· .. , .. 
New SMl6 Low Cost 

Advanced, Indllstrial Encoder 

• Available in line counts up to 2500 • Sealed to IP65 
Ratings' 200 kHz standard frequency inclusive of 

A, Band Z outputs' Shaft loading up to 10 Ibs. axial 
and radial· RS-422A compatible 

New DTZO IP65 Rated 
Encoder 

• Sealed to IP65 Standards· Available in line counts up 
to 2500 • Frequency response up to 200 kHz • Shaft 

loading up to 80 Ibs. axial and radial· Power inputs up 
to 24V • RS-422 compatible· Many terminations available 

DTZ5 lndustrial Sealed 
Heavy Duty Encoder 

• Available In line counts up to 5400 on the disc (up to 
86,400 PPR with multiplier logic) • 200 kHz operating 

frequency' Bearing thrust max: 40 Ibs. (156 N) • Radial force 
max: 33lbs. (156 N)"TTL & CMOS compatible 

These are only a few of the many encoders we manufacture. 
We will work with you to provide you the encoder you need. 
We offer expedited service to ensure customer satisfaction. 

------
DATA TECHNOLOGY, INC. 
260 A Fordham Road 
Wilmington, MA 01887 
1-800-331-5797 Tel: (781) 935-8820 
Fax: (781) 935-9656 

Dlltll Je~ItIlO/OIlV -
MJur ell~oder ~OmpIIIIY 
illto tlte 21st ~ellturv. 

For More Information Circle No. 417 

TSP Order card in this issue to receive a copy by mail ( 5 chaW). 
Inquiries concerning rights for the commercial use of this invention 

should be addressed to 'ASA Lewis Research CenI.e7; Commercial 
Technology Office, Attn: Tech Brief Patent tatus, Mail top 7-3, 
21000 Brookpark Road Cleveland, Ohio 44135. Refer to LEW-
16337. 

@Capillary-Pumped Loops for 
Equalizing Body Temperatures 
Excess heat from hot regions would be 
transferred to cold regions. 

Goddard Space Flight Center, Greenbelt, Maryland 

Capillary-pumped-Ioop device are intended for incorpora
tion into protective uits. These thermal-control device would 
be used to equalize temperature for the wearer. For exam
ple, a device of thi type could be used to transfer exces heat 
from parts of the human body that tend to become overheat
ed (e.g., armpits) to other parts that tend to become cold 
(e.g., hand ). 

A typical device of this type (see figure) would include a 
capillary evaporator with a wick in ide, a condenser, and con
necting tubes, al l containing a working fluid. The working 
fluid could be, for example, water, an alcohol, or a non-CFC 
refrigerant. The wick would be made of a suitable porou 
material. The wick, the tubes, and the evaporator and con
den er housing would have to be made of materials compati
ble with the working fluid and with each other. Unlike heat 
pipes, there would be no wicks in the tubes between the evap
orator and condenser. 

The fluid in liquid form would be held in the wick in the 
evaporator by capillary action. Ab orbing heat from the 
evaporator urroundings, the fluid would evaporate into 
channels in the outer surface of the wick. The resulting 
vapor would flow along these channels to the evaporator out
let, then along a tube to the condenser, the surroundings of 
which would be cooler than those of the evaporator. The 
fluid would return to liquid form in the condenser, giving up 
latent heat of vaporization to the surroundings. The liquid 
would flow from the condenser, along a return tube to the 
evaporator inlet. Finally. the liquid would enter the evapora
tor wick, completing the cycle. 

Capillary Evaporator 
. ~ Vapor Channel on 

Wick Outer Surface of Wick 

Standoff Pedestal 

___ Bypass Tube 
(Optional) 

, 
Condenser 

Capillary Action in t he Evaporator would provide some or all of the pump 
pressure needed to circulate the fluid . One of the advantages of capillary 
pumping is a potential for a low mass-to-heat-transfer ratio. 
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Replace your outdated strip-chart recorder with the new 

ChartScan/1400~ and never buy expensive paper supplies again! 

Simply attach your voltage and thermocouple signals to the 

convenient input connectors, and run our included Out-of-the-Box'" 

ChartViewN software. You'll be viewing real-time data and saving it to 

your PC's disk drive within minutes, without programming. 

Other features such as stand-alone operation (without a PC), modem 

support for remote applications, and 32 built-in alarms make the 

ChartScan/1400 paperless chart recorder an unbeatable value. 

www.iotech.com/prchart.html 

the smart approach to instrumentation -

Features 
• 1 6 to 1 28 channel capacity 

(from $66 per channel) 

ChartVie\l',r software for immediate 
Out-of-the-BoX operation 

• Measurement rates up to 147 channels/s 

500V channel-to-channel isolation 

32 programmable alarm outputs 

Excel~ spreadsheet support 

Simple serial port connection to any PC 

IEEE 488 interface also available 

Modem-compatible for remote applications 

www.iotech.com 

Contact us today for your FREE 
Signal Conditioning Handbook, 
1997 Catalog, & demo CO! 

25971 Cannon Road Cleveland, OH 44146 440439-4091 . Fax: 440 439-4093 http://www.iotech.com . sales@iotech.com 



ADVERTISEMENT 

PCI/ IEEE 488.2 Controller 
[Otech' new Personal4881PCf" IEEE 488.2 
interface for PC provides> I MbyteJs data trans
fer and plug-and-play convenience. Software 
upport includes Window 95 and Window '· 

NT drivers for most popular programming lan
guages, as well as ational lnstrumen com
patible Window N and LabVIE drivers. 
From $495. 
wwwjotech.com/cataloglieeelcatperspci.htmJ 

CIRCLE 403 

Directly attach lep" accelerometers, microphones, or other dynamic sig
nal inputs to our 1 -MHz WaveBook- portable measurement system. 
Then use our included WaveView' software to view your signals in 
real-time and acquire data directly to your PC's disk. For analy-
sis, use WaveView to export acquired signals to popular 
applications such as MATlAB~, DADiSP' , and Excel' , or 
develop your custom applications using our LabVI 
Snap-Master' , and DASYLab- drivers. 

Wave Book system features: 

• 8 to 72 analog input channels 
• 1 M sample/sec NO 
• Multkhannel triggering 
• Pre- Ex post-trigger sample rates 
• Programmable 1 O·pole filtering 
• Simultaneous sample Ex hold 
• Direct ICpSinput 
• Thennocouple, RTD, strain-gage, 

isolation, Ex high-voltage inputs 
• AC or 1']I.J DC operable 
• As low as Sl90 per channel! 

www.iotech.com/bghw5.html 

Includes WaveView software 
for Out-of-the-Box' set-up, 
acquisition, & real-time display 
without programming! 
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1M smort opprooch 10 i"uf1ImmtoUon-

25971 Cannon Road 
Cleveland, Ohio 44146 
(440) 439-4091 • Fax (440) 439-4093 
E-mail: sales@iotech.com 
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Data Acq Software for Excel'" 

DaqViewXL N is an add-in for Microsoft Excel N 

that upportS IOtech' parallel-port, lSA-bu ,and 
PC-Card data acquisition ystem. All setup and 
data acqui itioo-including real-time viewing of 
acquired data~curs within Excei N

• 195. 
www.iotech.com/bgsw3.htmI 

CIRCLE 404 

Expandable Notebook Data Acq 

The 12- or l6-bit 1000kHz DaqBooI<- portable data 
acquisition systems for notebook and desktop PCs are 
expandable up to 256 analog inputs and 192 program
mabledigitall/Ochannels. Thecompacturutsofferfive 
counter-timers, as well as 10 J.l&'channel scanning and 
gain switching over all channels. The DaqBooks are 
available with signal oonditioning for thermocouple, 
RID, strain gage, acceleration, high voltage and more. 
They include wide-ranging software support, and are 
operable via AC, DC, or battery power. From $695. 
www.iotech.com/bghw1.html 

I CIRCLE 40S 

Data Acquisition Software 

DASYLabN is a Windows-based, icon-driven 
data acquisition software package that provides 
effortless analysis, graphing, importing, configu
ration, user-interface, and operator-interface 
capabilities. It supportS IOtech' s parallel-port, 
ISA-bu , and PC-Card data acqui ition sy terns. 
From $495. 
www.iotech.com/bgsw4.html 

CIRCLE 406 



ACCOM PLiS HAY EAR'S WORTH OF PRODUCT RESEARCH I N THREE DAYS! 

~D£SJGN ENGINEERING 
attendees will find the follOWing 
most requested products and services 
exhibited at the show: 

• CAD/CAM/CAE Systems & Software 
• Fastenmg and Jommg Systems 
• Fluid Power/Power Transmission 
• Electro-optics 
• Elastomers 
• Electflcal Components 
• Enclosures 
£Jui4eow~r 

• MechatronJCs 
• Rapid Prototypmg 
• on ract Manufacturing 

& Engineeflng 
• SiUJ$)fs.ana. Transducers 
• Connectors 

Motors and Drives 
• Gears 8nd Housings 
• Pneumatic Control Systems and 

Components 
• aptlcal Sensmg ancr-rnspectlon 
~ems 

• Desktop Computers 
• [);gitallmage Recorders 
• Disitdfng and Automated 

Drafting EqUlpme'1t 
• Laser Machine Semces 
• EMI/RlAf Shleldin¥ 
.. Lmear Actuators 

• Switches 
Fiber f9ptics 

• Engineered Safety Products 
• Custom Assembly Systems 
• Lmear Motion Systems 

Join thousands of your colleagues 

on January 20-22, 1998, at the third 

annual PACIFIC DESIGN ENGINEERING 

show in Anaheim, California, for the 

most comprehensive exhibition for 

design engineering professionals 

on the West Coast! 

Through its recently 

announced co-location with the 

Medical Design & Manufacturing (MD&M) show, 

PACIFIC DESIGN ENGINEERING now offers you 

access to over 1100 OEM exhibitors combined . 

As an attendee, you have the opportunity WHO S H 0 U L D ATT END 

to compare competitive products, 

generate new ideas to increase quality 

and productivity, and receive hands-on 

demonstrations from technical experts. 

So don't delay-REGISTER TODAY 

to qualify for free exhibit hall admission 

for the West Coast's premier design and 

engi neeri ng event. 

Call Cindy Tuzzolino at 310/392-5509 

with any questions or visit our Web site 

at http://www.cancom.com . 

• Product Design Engineers 

• Testing QC Engineers 

• Industrial Engineers 

• Engineering Management 

• Manufacturing Engineers 

• Corporate Management 

• System Design Engineers 

• Purchasing 

• R&D Engineers 

• Marketing 

Sponsored by: 

TECH BRIEFS 
ENGINEERING SOLUTIONS FOR DESIGN & MANUFACTURING 



apiLIary action in the evaporator 
hould ordinariI provide adequate 

pump pre ure. Optionall , a mechani
cal pump could be included in case the 
capillary head provided b the evapora
tor were in ufficient to overcome any 
frictional head or an tatic head 
induced by difference between heights 
in different part of the loop. An 
optional bypa tube could al 0 be 
included. 

There could be man variation on 
the foregoing basic theme, even apart 
from the election of material. For 
example: 
• Multiple evaporator and/ or multiple 

conden ers could be ganged in paral-

leI by use of uitable inlet and outlet 
manifold. 

• The tube between the evaporator and 
con den er could be traight or bent, 
rigid or flexible, and could have an of 
a variety of cro - ectional hape. 

• wick could be in talled in the evapo
rator as well as in the conden er. 

• The wick( ) could be fabricated with 
variou combination of parallel, radi
al, circular, and/ or otherwi e pat
terned interior and/ or urface chan
nels to enhance the flows of liquid and 
vapor. 

• The urface of the evaporator and 
con den er could be de igned to 
enhance the tran fer of heat. 

® Steady Capillary-Driven Flow 

This work was done by Theodore D. 
wanson and Paul Wnm (deceased) of 

Goddard Space Fligh t Center . For fur
ther information, access the Technical 

upport Package (T. 'P) free on-line at 
www_nasatech .com under the Physical 

ciences category, or circle no. 165 on the 
TSP Order card in thi issue to receive a copy 
by mail ( 5 charge). 

This invention is owned by 11 "A, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive licen e 
for its commercial development should be 
addressed to the Patent Counse~ Goddard 
Space Flight Center; (301) 286-7351. Refer 
to GSC-13329. 

This phenomenon can be exploited to study basic physical mechanisms of dynamic wetting. 

Lewis Research Center, Cleveland, Ohio 

A technique for generating teady 
capillary-driven flow has been devi ed to 
add to the available means for studying 
phy ical mechani ms of wetting and 
capillary flows. Related capillary-flow 
techniques have been u ed for decades, 
but they have involved, variou Iy, 
un leady flows or the use of 
pump, gravity head, or 

Iyzed, yielding equation for the accel
eration and the steady- tate peed of the 
slug as function of the mas density, 
urface tension, and visco ity of the liq

uid; the inner radius and length of the 
tube; the length of the lug; the orienta
tion of the tube in the gravitational 

Inner Surface of Tube Inner Surface of Tube 

table and using wider tube (inner radii 
of the order of 5.0 mm) in a drop tower. 
The results of the experiments agree 
weH with the predictions over a large 
parametric range. The re ults also show 
that the peed is strongly affected by the 
level of cleanliness of the tube urface. 

The technique is expect-
ed to prove u eful in 

other noncapillary means 
to generate flow. The pre
sent technique differ from 
the older technique in that 
the flow i generated olely 
by capillary mean; it i a 
truly steady flow governed 
by the physics of dynamic 
wetting. 

Coated for Lesser Wetting Coated for Greater Wetting experiments on the phy ics 
of dynamic wetting. Effects 
of micro copic urface 
roughne , c1eanline , 
and patchy wettability 
could be inve tigated and 
quantified in detail. The 
low-gravity environment of 
the drop tower afford 
additional po sibilities that 
could be exploited to 
enhance understanding of 
capillary-driven flows on 
non ideal urface. 

(Contact Angle 92) (Contact Angle 91) 

----------------~. : -,------------------~ 

:~ 
This technique involve 

the movement of a lug of 
liquid along a round capil
lary tube, the inner urface 
of which i treated to 
obtain a certain degree of 
wetting along part of its 
length and greater or Ie ser 
wetting along the remain
der of its length (see fig
ure). The lug is injected 
into the tube at the Ie -

SLUG NOT MOVING 

SLUG MOVING AT STEADY SPEED 

SLUG NOT MOVING 

wetting end, become 
accelerated in a brief tran-
ient upon reaching the 

Ie -wetting/ more-wetting 

The Slug of liquid 15 Driven from the less-wetting end toward the more-wetting 
end by capillary action as long as the slug straddles the q/q, discontinuity. 

This work was done by 
Mark M. Weislogel of Lewis 
Research Center . For fur
ther information, access the 
Technical Support Package 
(TSP) free on-line at UIU!W. 

nasatech.com under the Phys
ical Sciences category, or circle 
no. 157 on the TSP Order card 
in this issue to receive a copy IJy 
mail ( :5 chaW). 

di continuity, and thereafter travel 
from the Ie -wetting toward the more
wetting end with a steady peed as 
long a it bridge the di continuity. 

The basic ob ervable phenomena 
pertaining to the movement of the slug 
in the capillary tube have been ana-

66 

field; and the liquid/ tube contact 
angles in the twO differently wetted 
region. Experiments have been con
ducted under condition intended to 
minimize the effect of gravitation, using 
narrow tube (inner radii of the order 
of 0.5 mm) oriented horizontally on a 

www.nasalech.com 

Inquiries concerning rights 
for the commercial use of this invention 
should be addressed to, ~ "A Lewis Research 
Center; Commercial Technology Office, Attn: 
Tech Brif!j Patent Status, Mail Stop 7-3, 
21000 Brookpark Road, Cleveland, Ohio 
44135. Refer to LEW-I 6434. 
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LINEAR STATIC E IF 
STRUCT RES YOU AKE STONE 

WH CH A EN'T GO NG TO 
FOR THOUSA OS OF YEARS. 

MOVE 

BELOW, SCENES FROM A RECENT ALGOR VIDEO SHOW AccupAJq'VE PREDICTING WHAT HAPPENS TO AN 

ALUMINUM BAR WHEN A WEIGHT IS PLACED ON ITS END. THE EVENT SIMULATION INCLUDES BUCKLING, 

THE COMPLETE POST-BUCKLING SCENARIO AND CONCLUDES WITH PERMANENT DEFORMATION. 

Event simulation is the easy-to-use alternative to linear static 
and dynamic FEA. 
-Eliminates need to determine forces by external calculations or 

expensive experiments 
-Handles motion combined with impact 
-At linear prices 
-Shows nonlinear effects such as material yielding or cracking 

if they occu r 

MicroSlalion EOS/Unigraphics 
MSC/Aries SORC Xitron 
Pro/ENGINEER Solid --------, 

You have 4 ways to get a free demo video and CO-ROM: : 
1) Call: ... 1 (412) 967-2700 3) E-mail to: nfo@algor.com I 

2) .ALGOR.COM 4) Complete this form and fax to: : 
+1 (412) 967-2781 I 

I 
I 

Company I 
--------- I Algor, Inc. 
____________________ : 150 Beta Drive, Pittsburgh, PA 1523&2932 

I USA 
______ StatelProv. Zip/Postal Code __ : Phone: +1 (412) 967-2700 

I Fax: +1 (412) 967-2781 
Country Telephone : California: +1 (714) 564-0844 

. I Europe (UK): +44 (1) (784) 442246 
~ ______________________ ~:.~~~ _______________ ~~~1LJ E-mail: info@algor.com 

For More Infonnatlon Ci~le No. 506 



., Improved Oxidation-Resistant SiC/ (Si/SiC) Composites 
Matrix additives and fiber coatings help to seal cracks to retard infiltration of oxygen. 
Lewis Research Center, Cleveland, Ohio 

Improved composites of SiC fibers 
in Si/SiC matrices have been invent
ed for use in applications in which 
there are requirements for materials 
that can resist oxidation at high tem
peratures in the presence of air and 
steam. Such applications are likely to 
include advanced aircraft engines 
and gas turbines. 

The need for the improved com
posites arises as follows: Although 
both the matrix and fiber compo
nents of older SiC/ (Si/SiC) compos
ites generally exhibit acceptably high 
resistance to oxidation, these com
posites become increasingly vulnera
ble to oxidation and consequent 
embrittlement whenever mechanical 
or thermomechanical loads become 
large enough to crack the matrice . 
Even the narrowest cracks become 
pathways for the diffu ion of oxygen. 

Typically, to impart toughnes to an 
SiC/ (Si/SiC) composite, the SiC 
fibers are coated with a material that 
yields at high stress to allow some 
slippage between the fibers and 
matrix. If oxygen infiltrates through 
the cracks to the fiber coatings, tllen, 
at high temperature, the oxygen 
reacts with the coatings (and eventu
ally with the fibers), causing unde
sired local bonding between fibers 
and jthe matrix and consequent loss 
of toughness. In addition, the resul
tant concentration of stress and dete
rioration of the fibers at the bonding 
locations give rise to failure of fibers. 
If the process of infiltration and oxi
dation continue , then eventually the 
remaining fibers become unable to 
bear the load, causing the composite 
to fail at a stress appreciably below its 
initial (as-fabricated) ultimate 
strength. 

The improved composites incorpo
rate matrix additives and fiber coat
ings that retard the infiltration of 
oxygen by reacting with oxygen in 
such a way as to eal cracks and 
fiber/ matrix interfaces at high tem
peratures . These matrix additives 
and coating materials contain glass-

68 

forming elements - for example, 
boron (see figure) and germanium. 

Boron is particularly suitable for 
u e in fiber coatings because it can 
react with oxygen to form boron 
oxide, which can, in turn, interact 
witll the ilica formed by oxidation of 
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incorporated into tile matrix by 
adding these elements to either the 
matrix or the molten ilicon infil
trant. Inasmuch a the solubility of 
boron in silicon i limited, it may be 
neces ary to add the boron via the 
preform in a typical case. 

0.10 0.15 0.20 

B ContentlSiContent 

The Widths of Cracks That Were Sealed were measured in SiCl(Si/SiC) specimens that contained vari
ous proportions of boron. The specimens were exposed, variously, for 4 or 24 hours, to an atmosphere 
of 90 percent water and 10 percent oxygen at a temperature of 900 0c. 

the matrix and fiber materials to pro
duce borosilicate glasses. Boron and 
SiB6 may prove to be the coating 
materials of choice because they do 
not introduce any elements beyond 
those needed to form borosilicate 
gla es. 

One way to fabricate an 
SiC/ (Si/SiC) composite object is to 
first make a preform of silicon car
bide fiber interspersed with a mix
ture of silicon carbide an.d carbon 
particles, then infiltrate the preform 
with molten silicon. Boron can be 
incorporated by chemical vapor 
deposition onto the fibers prior to 
making the prefo.rm. 

Boron and germanium can be 

www.nasatech.com 

This work was done by F. N. 
Mazandarany of General Electric Co. for 
Lewis Research Center . For further 
information, access the Technical Support 
Package (TSP) free on-line at www. 
nasatech.com under the Materials catego
ry, or circle no. 106 on the TSP Order 
card in this issue to receive a copy by mail 
($5 charge). 

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 top 
7-3, 21000 Brookpark Road, Cleveland, 
Ohio 44135. Refer to LEW-16386. 
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High-Strength, Hydrogen-Resistant Alloy 
Innovative new alloy can be readily fabricated into components suitable 
for use in hydrogen environments. 
Marshall SPace Flight Center, Alabama 

ASA-23 is a hydrogen-resistant alloy 
that has been developed for applica
tions in which there are requirements 
for high trength and high resistance 
to corrosion. The technology for thl 
alloy was spurred by the fact that the 
industry did not have high- trength, 
hydrogen-resistant alloys available. 

Adequate resistance to corrosion is 

necessary for the survival of alloys in 
hydrogen environments. Alloys for use 
in such environments typically contain a 
minimum of 10 weight percent chromi
WTI. The unique feature of ASA-23 is 
that it combines high strength with resis
tance to corrosion, and can readily be 
made into parts that are suitable for use 
in hydrogen environments. 

70 For More Information Circle No. 419 

The use of high-strength alloys that 
have low resistance to hydrogen results 
in frequent replacement of components 
becau e hydrogen severely degrades 
mechanical properties of these alloys. At 
present, coatings that serve as barriers to 
hydrogen/ metal interactions are often 
applied to uch alloys used in hydrogen. 
However, the use of coatings does result 
in higher production costs. Additionally, 
alloys that have lower resistance to 
hydrogen can be used by increasing sec
tion sizes; however, this method results 
in an increase in component weight. 

NASA-23 can be used for components 
that encounter temperatures up to 1,200 
OF (649 °C) in hydrogen environments. 

Innovators ofNASA-23 carefully chose 
alloying elements of iron, nickel, cobalt, 
chromium, niobium titaniwn, and alu
minwn to ensure adequate precipitation 
hardening for strength and minimum 
precipitation of detrimental grain 
boundary precipitates. 

This W01'k was done by B.N. Bhat and W 
B. McPherson of the Marshall Space 
Flight Center and A.K. Kuruvilla of 
IITRI. For further information, access the 
Technical Support Package (TSP) free on
line at www.nasatech.com under the 
Materials category, or circle no. 177 on the 
TSP Order card in this issue to receive a 
copy by mail ($5 charge). 
MFS-26493 

. Lightweight Panels 
With Embedded 
Perpendicular 
Metal Pins 
These panels have potential 
for both terrestrial and 
outer-space applications. 
Marshall Space Flight Center, 
Alabama 

Lightweight panels made of organic 
composite materials with embedded 
metal pins oriented through the thick
ness (see figure) have been investigated 
for their potential utility as the outer 
layers of multilayer shields ("bwnpers") 
to protect spacecraft against high-speed 
impacts of natural and artificial debris. 
Composite-material panels containing 
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through-thickne pins are also of great 
potential use on Earth; for example, 
composite panel with pin embedded 
using this manufacturing technique 
have been shown to yield a twenty-fold 
increase in delamination resistance, 
when compared with the arne compos
ite without pins, resulting in ignificant
Iy improved compo ite aircraft struc
ture. imilarly, this approach has great 
potential appeal for lhe joining of com
posite components, such as skin panels 
to supporting ribs. In addition, the use 
of embedded pins can increase the 
through-thickness thermal conductivil)' 
of panel, making them potential can
didate for electronic-packaging sup
port structures. 

In the spacecraft application, an outer 
bumper panel would be used to frag
ment debris particles incident at speeds 
of the order of 3 km/ s. The fragmented 
debris would be further fragmented and 
spread out by an inner bumper panel 
(typically made of aluminum) before 
reaching the pressure wall of the space
craft. Thus, the impact of each deblis 
particle would be spread over a large 
area of the spacecraft tructure to mini
mize damage to the pressure wall. The 
protective function of the pins is to pro
vide high shock impedance to promote 

fragmentation of incident debris. The 
function is essentially the same (albeit in 
a reversed role) as that of long-rod pene
trators that have been used on Earth to 
defeat tank armor. In experiments in 
which high-speed projectiles with masses 

- Lightweight 
Composite 
Material 

Metal Pins Oriented Through the Th ickness of a 
lightweight composite-material panel impart 
special mechanical and thermal characteristics, 
depending on the pin material, diameter, and 
volume fraction. 

of me order of 1 g were used to simulate 
incident space debris, pins with diame
ters of7.5 mil. (0.19 mm) embedded in 
graphite-fiber / epoxy-malrix composite 

at a volwne fraction of 4 percent provid
ed better protection than did pins of 
greater diameter or pins embedded at 
smaller volume fractions. More impor
tantly, in a hypenrelocity test at normal 
incidence, a double bumper having a 
composite front layer containing embed
ded pins and a spaced rear layer of alu
minwn significantly outperformed a sim
ilar bumper in which both layers were 
made of aluminum. 

Of course, for terrestrial applications, 
it is often preferable to use pins of differ
ent materials, diameters, and volume 
fractions. The process has considerable 
flexibility, and compo ite panels have 
been made successfully using pins of var
ious types of metals as well as nonmetals. 

This wark tUas done by John Gassner, 
Patricia Schwarlz, and Charles Carey of 
Fa ter-Miller, Inc., for Marshall Space 
Flight Center. Far further information, 
access the Technical Support Package (TSP) 
free O*line at urww. nasatech.com under the 
Materials category, or circle no. 124 on the 
TSP Order card in this issue to receive a copy 
by mail ($5 charge). 

Inquiries concerning Tights for the com
mercial use of this invention should be 
acub-essed to the Patent Counse~ MaTShall 
SPace Fl:ight Center,. (205) 544-0021. &fer 
to MFS-26368. 

Get Back to the Business of Problem Solving with NAG 
Spend your time and talent Oil genuine problem solving, not software development 
Collaborating with numerical and statistical computing specialists around the world, NAG continuously develops 
its comprehensive software for scientists, engineers, researchers and developers. With 25 years of experience in 
creating state-of-the-art products, NAG has introduced another industry first - Fortran 90 technology for Linux! 
Benefit fTom NAG software's robustnes ,performance and functionality with any of these quality products, for Linux 
and over 80 other computing platforms! 

NAG Numerical Libraries 

Valuable tools for the rapid development 
of custom applications - reduce your 
development and porting time and in
crease accuracy and performance! 
NAG Fortran 77 Library - 1,152 highly 
efficient u er-callable numerical ub
routines; in its 11th release. 

Gfl90- the world's first numerical 
procedure library for Fortran 90; capital
izes on the increa ed functionality and 
power of the new Fortran. 
NAG MP Library - maximize the 
proce sing potential of the SMP machines 
with full functionality of the AG Fortran 
Library 
NAG C Library - a suite of 275 routines; 
includes ignificant additions to areas of 
optimization, minimization and statistics. 

NUMERICAL ALGORITHMS GRO 

NAG Fortran 90 Compiler 

The world's fust compiler, introduced in 
1991. to support the full ANSIIISO 
standard for Fortran 90. With thousand 
of users worldwide. it is the leader in 
quality and robu tnes . Lets you main
tain your inve tment in Fortran 77, while 
benefiting from all the new High 
Performance Fortran (HPF) language 
feature . Take advantage of array opera
tions, pointers. dynamically allocatable 
storage. derived types, data Ullctures, 
modules and more! Latest version in
clude performance improvements and 
improved support of .IEEE arithmeric 
exception handLing. 

P,INC. 

Tailor these products to your needs! 

To make efficient use of these NAG 
Linux products, talk to a NAG repre en
tative about which product or combina
tion of products best fits your needs. 

As with all NAG products, academic 
pricing and site licenses are available 
for NAG products for Lillll.X. 

To order, or for more information 

Contact AG, Inc. at the numbers 
below, or e-mail info-ntb@nag.com. 

[!leXeJ. 
;/worhwillt 

IMI~(1J.1 
I~OO Opus Place. Suite 20U 'BII\\Ders (;rOlc, 11. 60515-57112' 6JIl.971.2.U7· fa\ (IJU.97 1.27 II fi • http://\\\III.nag.cllm 
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., Coating Fibers With Ceramics by Use of Slurries 
This method is an attractive alternative to chemical vapor deposition. 
Lewis Research Center, Cleveland, Ohio 

Fibers for use in metal-matrix/fiber 
composite material can be coated with 
ceramic-matrix/fiber interfacial layers 
b u e of slurries. Heretofore, it has 
been common practice to form the e 
interfacial layer by chemical vapor 
depo ition (CVD). The lurry coating 
method offer everal advantages over 
CVD - including lower cost. 

CVD entails a number of di advan
tage: 
• Coating the fibers by CVD i very cost

ly because of the capital equipment 
involved and because special tooling 
is usually needed. 

• CVD adds a separate step to the over
all process of fabrication of a metal
matrix/ fiber composite. 

• Coatings formed by CVD are suscep
tible to damage from handling. 

• In an application in which fibers are 
required to be woven, coating must 
be done after weaving, and this gen
erally necessitates an additional de iz
ing operation . 

In the lurry method, an ultrafine 
(particle ize < 1 pm) ceramic powder 
is dispersed in a typical fiber- izing 
solution, which could be polyvinyl 
acetate, for example. The formulation 
of this slurry is such as to achieve (1) a 
table colloidal uspension of the 

ceramic particle and (2) a vi co ity 
appropriate for fiber sizing. The su
pen ion can also include dis per ing 
and/or deflocculating agents and/or 
surface-wetting agents. 

The principal advantage and novel 
aspect of this slurry method is that the 
fiber can be coated during the sizing 
step of the fiber-manufacturing 
process. Therefore, the fibers can be 
coated in a more nearly pri tine state, 
and the combination of the coating 
and sizing affords orne protection for 
both the fibers and the coating against 
damage from handling in sub equent 
operations. Thus, fiber could be 
woven in the coated state if necessary, 
and the sizing compound could be 

burned off prior to infiltration of the 
woven fabric with matrix material. 

The low co t (relative to CVD) of thi 
slurry coating method is realized 
directly through reduction in the num
ber of proce ing step , lower price of 
raw materials, and Ie use of expensive 
capital equipment. Part of the reduc
tion in cost is realized indirectly 
through the processing flexibility that 
results from increased ease of handling 
of the coated fibers and the po sibility 
of weaving fibers in the coated state. 

This work was done by Stuart A. Sanders 
and Imelda P. Smyth oj United Technologies 
Jor Lewis Research Center. No further 
documentation is available. 

Inquiries concerning rights Jor the com
mercial use oj this invention should be 
addressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
BrieJ Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
ReJer to LEW-16060. 

• Sputtered AulCr Bilayers as Solid Lubricants on Alumina 
Friction and wear in slow sliding at high temperatures are reduced. 
Lewis Research Center, Cleveland, Ohio 

Sputter-deposited surface bilayers of 
gold on chromium have been found to be 
effective as solid lubricants to protect alu
mina substrates in applications that 
involve sliding at high temperatures. The 
use of thin surface layers of gold, lead, 
copper, or other soft metals to protect 
hard metallic substrates is well known. 
Whether the substrate is metal or, as in 
this case, ceramic, the basic principle of 
solid lubrication remains the same: under 
a sliding load, the soft overlayer (in this 
case, gold) shears rather than abrades, 
and thereby protects the hard ubstrate, 
which carries the mechanical load. 

The novel aspect of the present devel
opment lies in the particular choice of 
materials, which was guided by the fol
lowing considerations: 
• The low thermal conductivity and high 

thermal stability of alumina make it an 
attractive candidate substrate material 
for high-temperature applications. 

• Gold offers the advantages of chemical 
stability and a relatively high melting 
temperature of 1,073 0c. 
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These Coefficients of Friction were determined from experiments with uncoated and AulCr-coated 
alumina disks at a sliding speed of 1 mJs and a pin/disk load force of 4.9 N. 
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• Unfortunately, because of its chemical 
stability (nonreactivity), gold adheres 
poorly to alumina substrates; gold does 
not even wet alumina. This makes it 
necessary to deposit an imedayer of a 
more reactive metal between the alu
mina substrate and me gold overlayer 
so that the gold overlayer can adhere. 

• Chromium has been used in the elec
tronics industry to form bonding 
interlayers between silicon substrates 
and gold surface electrical contacts. 
The concept of sputter-deposited 

Aul Cr coatings as solid lubricants was 
tested in experiments in a high-tempera
ture pin-on-disk tribometer. Alumina 
disks - orne uncoated and others sput
ter-coated Aul Cr bilayers - were slid 
against uncoated alumina pins in air at 
temperatures from 25 to 1,000 ac, at slid
ing speeds from 1 to 15 mi s, and with 
pins pressed against disks at various loads 
from 4.9 to 49 N. Friction forces were 
measured during th.e tests, and post-test 
analyses were performed to determine 
the nature and extent of wear. 

The results of the experiments (for 
example, see figure) indicate that in the 
presence of AulCr surface layers, fric
tion was reduced by about half. In most 
cases, the coefficients of friction of 
Au/Cr-coated specimens decreased with 
temperature from 25 to 1,000 ac. At the 
lowest sliding speed of 1 mis, pin-wear 
factors [wear volume.,. (load force X 

sliding distance)] for Au/Cr-coated 
disks were found to be 10 to 100 times 
lower man for uncoated disks .. Pin-wear 
factors were largely unaffected by 
increasing loads up to 29.4 N. Sliding 
speed had little effect on friction. 
However, wear factors for Au/Cr-coated 
specimens increased trongly with slid
ing speed, even exceeding those for 
uncoated specimens in some cases. On 
the basis of mese results, it appears that 
Au/Cr coating provide adequate lubri
cation for moderately loaded sliding 
alumina substrates at speeds up to about 
1 mls and temperatures up to 1,000 DC. 

This wOTk was done by Christopher 
DellaCorte of Lewis Research Center and 
Patricia A. Benuy of Saint Louis University. 
FOT further information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Materials cat
egory, or circle no. 176 on the TSP Order 
card in this issue to 1"eceive a copy by mail 
($5 charge). 

Inquiries concerning rights fOT 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 RDad, Cleveland, Ohio 44135. 
Refer to LEW-16467. 
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The world's broadest 
line of thermal sensing 
and control products. 
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.. Carbon Papers for Negative Electrodes in Lithium Cells 
These papers feature high reversible charge/ discharge capacities. 

'ASA's Jet Propulsion Labomtory, Pasadena, California 

Experiments have demonstrated the 
feasibility of u ing elected commercial 
carbon paper as negative electrode 
(anodes) oflithium-based electrochem
ical cells. Vatious lithium-intercalating 
material , including different forms of 
carbon, are being investigated as candi
date anode materials. Li-intercalating 
material are attractive as alternative 

on with lithium itself as the anode 
material, the offer ignificant improve
ments in safety and cycle life. 

orne other forms of carbon (includ
ing graphite and coke) evaluated for 
thi purpo e at ASA' Jet Propul ion 
Laboratory have thus far proved unsuit
able becau e they have exhibited loss of 
charge/ di charge capacity during the 
first few charge/ di chat"ge cycles. In 
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HARMONIC 
DRIVE ACTUATORS 
DC or DC brushless servo 
motors are matched to preciSion 
gearheads to produce an actuator 
with optimum performance. Integral 
encoders are used for position or 
velocity feedback. CIrcle No. 426 

COMPLETE MOTION 
CONTROL SYSTEMS 
DC or DC brush less servo actuators are 
available with matched amplifiers and 
controllers allowing fast prototyping of 
your new design. Circle No. 427 

... Reliability 
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general, the election of a cat"bon Li
atlode material is complicated b the 
strong dependence of charge/ dis
charge characteri tic on the pecific 
form of carbon. These characteristics 
include the intercalation characteristics 
(atllount, kinetic, and potential of Li 
intercalation), and the 10 s of capacity 
(equivalently, the irreversible compo
nent of tile charge/ discharge capacity 
or "irreversible capacity," for short). 
The irreversible capacity i consumed 
during the fir t few charge/ di charge 
cycles as some of the lithium becomes 
irreversibly intercalated and surface 
films form. 

Thus, desirable characteristics for a 
carbon Li-anode material include high 
reversible capacity at potential clo e to 
that of Li at moderate to high rates of 
intercalation, plus low irreversible 
capacity. The carbon papers tested in 
the experiments were found to exhibit 
such characteri tics. These carbon 
papers are made from carbon fiber of 
defined hi tory and sources, using 
binder resins that are eventually car
bonized and graphitized. These papers 
are 60 to 80 percent porous, and, in 
compatison witll some other form of 
carbon, are flexurally strong and highly 
electrically conductive. The carbon 
papers are available with various fiber 
lengths and in various thicknesses. 
They are used commercially in several 
applications, including fuel cells and 
supercapacitor . 

In the experiments, sheets of the car
bon papers were electrochemically 
tested against LiCo02 cathode in an 
electrolyte solu tion that com prised 
LiPF6 dissolved in a mixture of ethylene 
carbonate and diethyl carbonate. A 
lithium reference electrode was includ
ed in each electrochemical cell. Micro
porous polypropylene sheets were u ed 
as electrode separators, and poly tetra
fluoroethylene shims were u ed to pro
vide compaction for the electrode 
stack. The cell was subjected to 
charge/ discharge cycles by use of an 
automatic battery cycler at a con tant 
current den ity of 0.2 mA/ cm', 
between cutoff potentials of 4.1 V on 
charge and 2.5 V on discharge. 

As shown in the upper part of the fig
ure, the measured charge/ discharge 
capacities started high and remained 
high after 65 cycles (tests were contin
uing when !.he information was submil-
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ted for thi article). The lower pan of 
the figure presents the measured al
ues of di charge/ charge efficiency. 
which is defined as the ratio between 
the capacity during a given discharge 
and the capacity during the immedi
ately preceding charge; thi plot hows 
that within the first few cycles. each cell 
achieved a discharge/ charge efficiency 
clo e to 100 percent. Both carbon 
papers were found to exhibit relatively 
high ('" 175 lIlAh/ g) reversible Li
intercalation capacities, with a relative
ly low ('" 40 mAh/ g) irreversible capac
ity. These performance characteristics 
are comparable or uperior to the 
majority of other carbon/ graphite 
material , and the carbon papers can 
be easily tailored to satisry specific 
needs. 

o 10 20 40 
Cycle Number 

DATA.FROM CYCLE-LIFE TESTS 

50 70 

This work was done by Ro.lnakumar V. 

Data From Charge/Discharge Cycling Tests of Li cells containing anodes made from two commercial 
carbon papers illustrate the high performances achievable when these papers are used as alternatives 
to lithium itse lf as the anode material. 

Bugga, Chen-Kuo Huang. Subbarao 
Surampudi, and Gerald Halpert of Caltech 
for NASA's J e t Propulsion Laboratory. 
For further infonnation. access the 
Technical Support Package (TSP) free on
line at www.llasatech. com under the 
Materials category. or circle no. 164 on the 
TSP Order card in this issue to receive a 
copy by mail ($5 charge). 
NPO-J9503 
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75 Years Ago We T 

1922 
Wadow's first steps began in the shoe industry, replacing costly 

steam and hazardous gas with electric heating elements. 

1988 
Customized electronics and advanced heater technology 

assist in patient warming pre- and post-operation. 

1954 
Wadow's patented FIRERODtt cartridge heater improves 
heat transfer efficiency in the emerging plastics industry. 

1991 
Wadow Gordon temperature sensors help take 

space travel to new heights. 

We've Been Helping Yo 
From the time we began manufacturing electric heating elements for hoe steamer 

and dryers, Watlow's commitment to engineering better heat solutions has 

never varied. Watlow engineers work with you to recommend, develop and 

deliver the right thermal component or entire thermal system for your specific 



urned On The Heat. 

1965 
Nuclear power plants benefit from the first high watt 

density cartridge pressurizer heaters. 

1995 
Platen heater assemblies and pump line heaters improve 
consistency of yields in wafer and flat panel fabrication. 

The Watlow FIREBARfI) flat tubular proves more efficient in 
immersion heating and revolutionizes fast food cooking. 

1997 
Multi-loop controllers with PC-based control operating 
software assist industry with configuring. maintaining 

and monitoring processes in real time. 

Turn It Up Ever Since. 
application. Our experience is reflected in our design of more than 1,000,000 different heater, 

sensor and control configuratiOns found throughout the world. 

Call us at 314,878,7820 ext. 2575. After 75 years, we're ju t 

getting warmed up. WATLOW 
http://www.watlow.com 

For More InfonnatJon Circle No. 567 



tJ Optimizing Program 
Does Feasible-Directions 
Gradient Search 

EEK i a general-purpo e optimizing 
software tool that perform a gradient 
earch optimization of the u er' prob

lem to fmd a be t et of de ign parame
ter. EEK was written to as ita 
mechanical de igner in developing a 
balanced optimal design, keeping the 
de igner in the proce while earching 
sy tematically among potential designs. 

EEK was al 0 written to be interactive 
and to communicate clearly to the u er. 
It requires the user to write two analy i 
ubroutine and an input data file for 

his/her application. By requiring text 
label for all variables, the program i 
able to label its restatement of the prob
lem and all re ults in the user's words. 
Optimization i performed by use of a 
modified feasible-direction gradien t 
technique. The SEEK output file 
include an echo of the input data and 
an analysi of the optimized design . In 
addition to finding its own optimum, the 
program allows the user to enter alter
native designs for comparativf analy is. 
Analyse of all u er de ign are al 0 

included in the output file. 
The SEEK u er's manual illustrate 

the model preparation and program
ming required to use SEEK for four 
examples: a bu hing design, a spring 
de ign , a gear design, and a curve fit. 
Each of these examples represents a dif
ferent design problem. The use of SEEK 
i limited to olving problems that can 
be modeled continuously with finite 
constraint and objective-function value 
over the earch area. 

EEK is written in FORTRAN 77 for 
use on IBM PC-series and compatible 
computers running MS-DOS. A FOR
TRAN 77 compiler is required. EEK 
has been succe fully implemented on 
an mM PC 486DX/33 computer run
ning MS-DOS 5.0 with the Lahey F77L 
5.1 compiler. The standard distribution 
medium for EEK is one 3.5-in. (8.89-
cm), 1.44MB, MS-DOS-format diskette. 
SEEK was released to CO MIC in 1997 
and is a copyrighted work with all copy
right vested in NASA. 

This program was wriUen by Harold H. 
Coe of Lewis Research Center and M. 
avage of the University of Akron. For fur

ther information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Computer 
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oftware category, or circle no. 147 on the 
T. 'P Order Card in this issue to receive a 
copy by mail ( 5 charge). 
LEW-16446 

tJ Algorithm for Lossy / 
Progressive/ Lossless 
Image Compression 

The Efficient Rever ible Image 
Com pre ion (ERIC) algorithm com
pres e and decompre se image data 
at selectable performance level . B u e 
of a fa t integer wavelet transform, the 
algorithm losslessly compres es the 
data on an image into several ubim
ages that represent the image at vari
ous levels of patial re olution and 
amplitude accuracy. Each ubimage i 
then entropy (Huffman) coded. 
Decompre ion of the fir t ubimage 
recon tructs the image data at the low
est level of accuracy. Decompres ion of 
sub equent subimages recon tructs the 
image data at progressively greater 
accuracy. Decompre sion of all subim
ages reconstructs the original image 
data exactly. Inasmuch as les -accurate 
approximations require les data-trans
mission bandwidth, the algorithm i 
particularly useful where the u er find 
it neces ary to choo e the clo e t 
approximation achievable under a 
given bandwidth constraint. The 10 -
less-compression ratios achieved by 
this algorithm exceed tho e of the 
best previously available standard 10 s
Iess compression algorithm, which 
do not give progre ively accurate 
approximations. 

This program was written by Eric Majani 
of Caltecl! for NASA's Jet PropuJsion 
Laboratory. For further information, access 
the Technical Support Package (TSP) free on

line at wWUJ.nasatech.com under the 
Computer Software categttry, or circle no. 146 
on the TSP Order Card in this issue to receive 
a copy by mail ( 5 charge). 

This software is available for commercial 
licensing. Please contact Don Hart of the 
California Institute of Technology at (818) 
393-3425. Refer to NP0-20141. 

tJ Prototype Distributed
Visualization Software System 

An image-di tribution y tern wa 
developed to facilitate interactive 
manipulation of high-data-volume 
images by remote u er over a low 
network. The system i based on a 

www.nasatech.com 

client/ en'er model integrating a high
performance erver running parallel 
vi ualization application and a remote 
client workstation providing control 
and di play. In order to deliver the 
image frame generated b the vi ual
ization erver to the client y tern 
quickly, the image di tribution tern 
emplo a data-compre ion algorithm 
developed at ]PL, ERIC (Efficient 
Rever ible Image Compression), to 
reduce the data volume. 

The oftware sy tern employ various 
optimization tep to provide greater 
than 5 video frames per econd at the 
client system. The optimization steps 
include pipelining of the compre ion, 
tran mi ion, and decompre ion and 
the u e of hared-memory X calls. The 
pipelining minimizes the com pre ion 
proce overhead by balancing the exe
cution times involved in compre ion, 
tran mi ion, and decompres ion and 
by overlapping these step. 

In this ystem, com pre sion can be 
performed in either 10 sy mode or loss
less mode. The 10 sy mode, is used for 
quick brow e where the data quality is 
not as important or for applications 
with a pre et data quality. The lossless 
mode is used where data quality may be 
important but cannot be et a priority. 
In this mode, the data can be sent pro
gressively until tl1e quality ha been sat
i fied up to the original quality. 

The server ystem with an API is 
available on a Cray T3D and it can be 
integrated with parallel visualization 
applications producing monochrome 
image as well as multi pectral images. A 
demon tration y tern was developed 
integrating an interactive parallel vol
ume renderer at Cray Research Center 
in Minne ota and an SCI Indigo 2 
workstation at ]PL in California. It was 
succe fully demon trated, di playing 5 
monochrome image frames per second 
on the SCI. 

This program was written by Roberto 
Mendoza, Eric Majani, and Meemong Lee 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
access the Technical Support Package (T. 'P) 
free on-line at WWUJ.nasatech.com under 
the Computer Software category, or circle 
no. 139 on the TSP Order Card in this issue 
to receive a copy by mail ( 5 charge). 

This software is available for commercial 
licensing. Please contact Don Hart of the 
California Institute of Technology at (818) 
393-3425. Refer to 'PO-20I37. 
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Predicting Performance 
of a Nickel/Cadmium 
Power Cell 

The ickel admium Performance 
Prediction Model computer program 
predicts the current, voltage, heating, 
efficiency, tate of charge, and other 
parameters that characterize the perfor
mance of a nickel/cadmium electro
chemical cell. Thi program could be 
used in the de ign and operation of 

i/ d batterie , products that contain 
i/Gd batterie ,and chargers for i/ d 

batteries. The program implements a 
mathematical model based on first prin
ciples; it include sub models of thermo
dynamic, rna tran port, chemical 
kinetic, mass balance, and energy bal
ance. Kinetic equation for e leven differ
en t reaction (including solid/ liqu id 
and gas-phase reactions) are included. 
Unlike other i/Gd-perfo rmance-pre
dicting programs driven by tatic data 
bases or analog circuit model , this pro
gram is capable of predic ting time
dependent and hy teretic behavior. This 
program is easy to u e, and can be exe
cuted on any Apple Macintosh or com
patible computer. To be able to run a 
graphical user interface in the program, 
one must use the AppleScript and 

MacO 7.5 oftware. The program 
require Ie than 4 MB of di k torage 
(including u er fi le) and onl 4 MB of 
random-access memory. 

This program was written by Paul J 
Timmerman and Carlo E. anchez of 
Caltech for NASA's Jet Propulsion Labo
ratory. For further information, access the 

Technical upport Package (TSP) free on-line 
at WUIW.nasatech.com under the Computer 

ojtware category, or circle no. 161 on the 
TSP Order Card in this is ue to receive a copy 
by mail ( 5 charge). This software is available 
for commercial licensing. Please contact Don 
Hart of the California 11lStitute of Technolog)' 
at (81 ) 393-3425. Refer to NPO-19991. 

GO MIG, f A' oftware Technology Tran fer enter, has an inven
tory of over 00 oftware package that originall} were developed b ' 

A and i contractor [or the .. pace program. The e package 
ha\'e a wide range of application other than pace exploration and are 
used by indu try, academic in Litution , and other go\,ernment agencie . 

For further information about software available [rom 0 MIG, or to 
receive a free di kette catalog, contacl GO MIG at: 

COSMIC 

The University of Georgia 
382 East Broad Street 

Athens, GA 30602-4272 

Phone: 706-542-3265 
Fax: 706-542-4807 

e-mail: service@cosmic.uga.edu 
WWW: http:/ / www.cosmic.uga.edu 
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From high 
tech ... 
to high 
finance ... 
to high 
in the sky 

3MTM Specialty Single-Mode Fibers, Power
Core Fibers and Fiber Bragg Gratings ensurE 
there's the right fiber for your application 

3M Specialty Optical Fiber offer the 
mo t complete line of fiber available in 
the world today. 

Whether you're checking the perfor
mance of fuel injector from in ide an 
engine, performing delicate, minimally 
inva ive laser surgery, building the mo t 
advanced commercial aircraft in the air 
or creating ophisticated network y
tern , you can be sure that the fiber you 
need will be designed and manufactured 
to exactly meet your requirements. 

3M Specialty Optical Fiber are the only 
fiber and grating backed by the techno
logical, engineering and manufacturing 
re ource of 3M. Since we're vertically 
integrated, we control the proce from 

@3M 1996 

preform to termination. Plus, by 
combining our experti e in polymer 
coating with our strengths in optical 
fiber waveguide de ign, we produce truly 
high-performance optical fiber solution . 

And, because of our strong commitment 
to cu tomer ati faction, you get support 
from application planning through ystem 
operation, help with custom fiber de ign 
for your tough applications, and ready 
availability and on-time deliverie . 

Call us today. Get the fiber that's exactly 
right for your application, plus the up
port of 3M. 3M Specialty Optical Fiber, 
420 Frontage Road, We t Haven, CT 
06516-4190. Telephone (203) 934-7961 
or fax (203) 932-3883. 

Innovation 
For More Information Circle No. 537 
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Laser Tech Briefs Supplement to NASA Tech Briefs December 

'997 Issue Published by Associated Business Publications 

LASER CH BRIEFS 
Sa A Suite of Codes for Laser Weld Scheduling 

6a One-Grid-Pair Fourier Telescope for 
Imaging X and Gamma Rays 

8a Diode-Laser Devices for Aiming and Ranging 
an X-Ray Source 

10a Image-Warping Coherent Fiber-Optic Bundles 

12a A Photonic True TIme-Delay System for 
Phased Array Antennas 

FEATURE 
2a Vote for 1997 Photonics Product of the Year 

On the cover' 
An ultrafast laser measures the azimuthal dependence of second
harmonic generation in a spontaneously ordered GainP thin 
film. Atomic ordering, a form of bandgap engineering used at 
the National Renewable Energy laboratory's Basic Sciences 
Center, results in a change to the crystal symmetry of the 
material. This is revealed in the second-order nonlinear 
susceptibility, which can identify crystal directions that are 
isotropic to linear measurements. Photograph courtesy Coherent 
Inc. Laser Group. 
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With all the confusion about laser line generators, LASIRIS 
invites you to see the light. For machine vision, industrial 
inspection, alignment and R&D applications, our unique 
patented design and unbeatable customer service combine 
to give you the power of uniform precision. So when it comes 
to structured lighting, LASIRIS is the first and only choice for 
all your standard or custom needs. And that's not just a line. 

• Uniform intensity distribution 
• Focus adjustment down to 25J.lm 
• Interchangeable pattern heads 

(Single line, Crosshair. Multiple lines, Dot line, Dot matrix, 
Circle generators and custom patterns) 

• ESD-protected to more than 8,000 volts 
• Amplitude and frequency modulation 
• Full CDRH safety compliance 
• Compact and rugged design 
• Available from stock 

See for yourself. Call 1 -800-814-9552 
- and cross he line to quality. 
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L II ~ I..J INC. 

For U.S. customers, FOB West Chazy, NY 
3549 Ashby Street, St -laurent, Quebec, Canada H4R 21<3 
Tel: (514) 335-1005 Fax: (514) 335-4576 
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Cast Your Vote for 

Lr %lit ~Ef ~. 
TECH BRIEFS 

First Annual Product of the Year Award 

Beginning in April, each issue of the Laser Tech Briefs supple
ment to NASA Tech Briefs carried a Product of the Month

a photonics product the editors felt was of special interest and 
value to readers who work with lasers, optics, fiber optics, video 
and imaging equipment. This month Laser Tech Briefs readers are 
invited to vote for the one product you deem the standout 
among those described below. The product garnering the most 

" 

" "A k 
/ I ~ ~;,} Av ' .• 

/ 

April: 1500-nm Distributed Feedback Laser 
H ewlett-Packard Co., Dallas, TX, speci
fies its new LSC2500 laser source for 
operation under ATM tandards at 
SONET 0C48 and STM-16 speeds of 
2.488 Cb/ s. The directly modulated dis

tributed feedback laser, intended for long-haul telecommunica
tions, fiber optic sensors, cable television, and instrumentation, is 
capable of distances greater than 200 km over single-mode fiber. 
With a -20 to +65 'C operating temperature range, it delivers 
more than +3.8 dBm output with slope efficiency adjustable to 
more than 0.06 mW I rnA. The package includes a photodiode for 
output monitoring, and a Peltier-effect thermoelectric cooler. 

June: Single-Chip NJ'SC Color Camera 
VLSI Vision Ltd. , Saratoga, CA, introduces 
the W6405, which it calls the world's first 
single-chip NTSC color camera. Using 
VLSI's complementary metal-oxide semi
conductor (CMO ) technology, the device 

delivers color video with just a single external crystal and single
rail 5-V power supply. It combines on a single standard CMOS 
chip a l / 4-in. Color MOS'" photoplane, video timing controller, 
8-bitA/ D video converter, 300-MIPS color DSP engine, 5 video 
line memories, auto exposure control and control balance, and 
NTSC composite video encoder. The chip draws about 100 rnA at 
5 V, which VLSI says puts its power consumption at about 20-30 
percent of CCDs. 

August: PC Laser Beam Analyzer 
Spiricon, Logan, UT, says the LBA-3OOPC laser 
beam analyzer Version 1.2 incorporates a number 
of features for higher performance. Chief among 
these, according to the company, is the patented 
Ultracal automatic calibration technique, which 

sets the baseline of the camera precisely at zero, and saves negative 
numbers for use in precise beam calculations. Spiricon says this 
makes the LBA-300PC the only commercial-grade camera system 
able to make second moment beamwidth measurements, the new 
ISO standard. This version runs under the 32-bit mode ofWmdows 
95B, which speeds up beam profile access and processing. 

October: Laser Cutting System Jor Micromachining 
ew Wave Research, unnyvale, CA, de cribes 

the EzLaze~ as a small solid-state laser cutting sys
tem designed for emiconductor failure analysis, 
de ign verification, LCD repair and other micro
machining applications. Available in single- and 
multiwavelength models that include ew Wave's 
patented Advanced Beam Delivery System 

(ABDS), EzLaze features single-shot, 1-Hz- or 5-Hz-burst pulse rep-

votes will be named Laser Tech Briefs Product of the Year. 
Please read the descriptions below of the Products of the 

Month, and choose the ONE you feel should receive the Product 
of the Year award. On the ballot below please clearly indicate your 
choice in the appropriate box, and fax or mail the completed bal
lot to reach the editors by January 15, 1998. The Laser Tech Briefs 
Product of the Year will be announced in the March 1998 issue. 

etition rates. Mounted on the Mitutoyo FS60 or A-Zoom micro
scope, it can produce uniform, repeatable cuts ranging from 1 x 
1 pm to 50 x 50 pm. Three wavelengths--l064 nm, 532 nm, and 
355 nm-are available at the flip of a switch. Energy output is 0.6 
m]; pulse widths vary from 5 to 7 ns depending on wavelength. 
EzLaze comes with PCLaze~, a Windows interface that allows users 
to elect cut size, triggering, and wavelength through a computer 
running Windows 95 or Wmdows NT. 

December: High-Power Excimer Lasers 
Lambda Physik, Ft. Lauderdale, FL, introduces 
the ovaLine 100, the first in a new series of 
high-power excimer lasers. With 100 W of stabi
lized output power, the KrF laser is ideal for 
such industrial microstructuring tasks as high

speed circuit-board via drilling, inkjet printer nozzle drilling, and 
wire stripping, the company says. ovaTube~ metal-ceramic laser 
tube construction extends tube and gas lifetimes without the need 
for a cryogenic purifier, according to Lambda Physik. Other fea
tures are Slide Valve~ tube window mounting for fast cleaning or 
replacement, and an internal HaloSafe~ solid-state halogen genera
tor. Pulse energy is 400 m] and repetition rate is 250 Hz at 248 nm. 

r------------------------------------------------------------1 
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L ASER OPTICS FROM II-VI INCORPORATED ••• 

COUNTDOWN TO QUALITY! 

Imaging Lenses 

Two-Axis Diamond Turning 

Laser Optics and Crystals 
Our VLOC Subsidiary manufacturers floride and 
oxide crystals including YAG, YLF, Ruby, LlSAF, 
LlSGaf and YVO.. Non-Linear materials include 
KTP and KNbO, Components include laser 
cavity flow tubes, mirrors, prisms, lens ducts and 
waveplates. Custom services include water 
fabrication, repolishing and coatings. Coatings are 
dielectric, metallic, ion assist depOSition and ion 
beam sputtering. VLOC offers a dedicated crystal 
growth research venue. 

II-VI offers ultra-precision two-axis diamond 
turning of copper, aluminum and other 
Infrared materials utilizing a Nanoform 600. 
High power CO2 laser mirrors with 
diffraction free surfaces are produced on 
our MSG flycutter. 

Optical Design and 
Engineering 
II-VI leads in the design of custom 
IR components and systems. 
Computer Aided Drafting (CAD) 
systems combined with optical 
design programs have enabled us 
to produce specialized optical 
mounts, components and electro
optic assemblies. 

Assembly of Optical and 
Electro-Optical Components 
The assembly of optical and electro-optical 
components and devices requires extreme 

II-VI produces optical elements for 
sophisticated IR imaging systems such 
as zoom lenses, scene simulators, 
FLiR systems, and IR projectors. 

care plus special tools and 
training. II-VI understands these 
critical factors and brings them 
together to assemble compo
nents ranging from simple 
mounted lenses to complex 
electro-optical modulators and 
military subassemblies. 

For information on visible and near IR 
products or materials, contact our VLOC 
Subsidiary at (813) 375-VLOC (8562). 

Advanced Thin Film Coatings 
II-VI is the worldwide leader in the design 
and development of consistently low 
absorption coatings for high power CO2 
and Nd:YAG laser optics, as well as other 
specialized coating products for industrial, 
medical and military systems. 

For information on middle IR products or 
materials, contact our II-VI Inc. Sales 
Department at (412) 352-1504. A-12R2 

II-VI JAPAN TEL: 81 43297 2693 FAX: 81 43297 3003 

If-VI SINGAPORE TEL: 65 481 8215 FAX: 65 481 8702 II-VI U.K. TEL: 441 572 755756 FAX: 441 572 771 779 

For More Information Circle No. 460 

1M 
INCORPORATED 
375 Saxonburg Blvd. 
Saxonburg, PA 16056 

Phone: 412-352-1504 
FAX: 412-352-4980 
www.optics.orglii-vV 



Choose from the 
industry's widest 
selection of Blackbody 
Temperature 

References ... 

.. .for "NIST traceable" calibration 
• Choose from a broad line of stationary and portable units 

to meet your needs 

• Designed for highest possible emissivity - up to 0.999 

• Temperature range: -20° to 3000°C, NIST traceable 

• Units available with large aperture and 0.01 °C stability 

• Also available: precision, fixed temperature freezing point 
of metal sources - and hand-held M190 calibration 
transfer standards 

MIKRON· 
Mlkron Instrument Company Inc. 
16 Thornton Rd., Oakland, NJ 07436 
Tel: 1-800-631-0176 or +1-201-405-0900 
Fax: +1·201-405.0090 

CALL OR 
FAX TODAY! 

E-mail: mlkronlnst@aol.com • www.mlkronlns1.com 

For More Information Circle No. 452 

"NEW" "NEW" "NEW" 
SEE YOUR UV AND INFRARED 
The FIND·R·SCOPE® 84499 Series are the most widely 
used infrared viewers. WHY? 

I. Sensitivity from 180nm to 1550nm 

2. High resolution and low cost 

3. Easily replaceable parts FIND-I-SCOPE'" 
4. 18 month warranty 

Infrared Ylelling 

5. Custom optics 

6. UL listed 

7. Tripod mountable 

8. Free carrylng case 

9. Hand·held portabll1ty 

10. Technical service available 

Call our TECHNICAL SALES GROUP at 
1-800-355-4FJW for more information. 

F JW OPTICAL SYSTEMS, INC. 

629 VERMONT STREET 
PALATINE, ILLINOIS 60067 
PHONE: (847) 358-2500 
FAX: (847) 358-2533 

E-mail: fjwopt@cooceotric.od 
http://www.topwebsite.comlfjw 
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NEWS BRIEFS 
Notes from Industry and the Federal Laboratories 

SpecTran Specialty Optics Co. u ed a symbolic fu ion plic
ing of a fiber optic cable to mark the official opening of its new 
office and manufacturing complex in Avon, cr, last fall. The 
expan ion is part of a 9-million project that will significantly 
increase the company' manufacturing capacity. The new facil
ity is more than 50 percent larger than Specialty Optics' previ
ous location clo e by, and feature new equipment, including 
state-of-the-art fiber draw towers that will greatly increase capa
bilitie for manufacturing a variety of advanced new products 
for communications, industrial , tran portation, and medical 
markets worldwide. The firm is a wholly owned subsidiary of 

pecTran Corp. of Sturbridge, MA, which upplies optical 
fiber, cable, and custom fiber optic products for communica
tions and specialty markets. pecTran pecialty Optics is locat
ed at 55 Darling Dr., Avon, cr 06001-1260; (860) 678-0371. 

Donnelly Optics Corp. of Tucson, AZ, brought its $2.8-mil
lion state-of-the-art facility on line in October for the design, 
development, and manufacture of precision plastic optical sys
tems. The 40,000-square-foot facility include an injection 
molding room designed to accommodate 20 precision mold
ing machines ranging from 55 to 250 tons; a polymer charac
terization laboratory; a precision optical tooling and fabrica
tion facility; and a metrology laboratory. The molding assembly 
and packaging production areas and QA, metrology and char
acterization laboratory facilities are all Class 100,000 clean
room-protected. The company designs and manufacture 
injection-molded diffractive, refractive, and hybrid lens sys
tems. It is located at 4400 S. Santa Rita Ave., Tucson, AZ 85714; 
(520) 806-3838; fax: (520) 806-3899. 

Veeco Instruments of Plainview, NY, announced that it had 
completed a merger with WYKO Corp. of Tuc on, AZ, a well
known supplier of optical interferometric measurement sys
tems for the optical, data storage, and semiconductor indus
tries. WYKO, which was privately held, had ales of 8.2 million 
and operating income of 2.4 million for the three months 
ended March 31, 1997. 

Semiconductor manufacturers use WYKO equipment for 
measuring flip chips and wafer roughness. A new in-line laser 
inspection system precisely adjusts the static attitude of disk
drive suspen ion arms, making it useful for next-generation 
miniaturized automated thin-film head fabrication. WYKO is 
located at 2650 East Elvira Rd. , Tucson, AZ 85706-7123; (520) 
741-1044; fax: (520) 294-1799. 

Vee co Instruments is a worldwide manufacturer of precision 
ion-beam systems, vapor deposition systems, and surface 
metrology equipment for microelectronic markets. 

The Air Force's Pbillips Laboratory, at Kirtland AFB, NM, 
awarded Black & Veatch Special Projects Corp. of Overland 
Park, KS, a contract to build an advanced laser research facili
ty. The 29,600- quare-foot facility will be used for research and 
development of chemical, electrical, and hybrid lasers for use 
in air-, ground-, and pace-based systems. A two-story structure 
with offices for more than 50, the facility is to include six labo
ratories, four of them Clas 10,000 clean room and two Class 
100,000. There will also be a chemistry lab, machine shop, 
electronics lab, and conference room. Two labs will be dedi
cated to chemical laser work, such as the chemical oxygen
iodine laser developed by Phillip and used in the Airborne 
Laser program that envi ion laser-carrying aircraft for destroy
ing theater ballistic missiles. 
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A Suite of Codes for Laser Weld Scheduling 
A model-based approach to devising optimal laser weld schedules has been developed. 
Sandia National Lahoratories, Albuquerque, New Mexico 

A suite of 1ATIAB-based optimiza
tion applications has been developed at 
Sandia as aids for detennining CO2 !aser, 
pulsed d:YAC laser, and plasma-arc 
weld schedules. This brief will concen
trate on the CO2 laser, but all have a 
common user interface and code orga
nization. The raison d'etre for these 
applications has been to bring a model
based approach to some of the welding 
methods that are applied to high-relia
bility weld configurations. Advantages of 
laser welding are that it is able to achieve 
deep penetration and minimizes heat 
input, both key features when used in 
conjunction with optimization. 

A semi-empirical model blends the 
results of data fits with thennodynamic 
relations. The final model consists of a 
set of nonlinear algebraic 
relations. For CO2 welding, 
the model inputs, or "weld 
schedule," consist of the con
stant power delivered from 
the laser (qo) , the constant 
part travel speed (v), and a 
fixed lens, focused or defo
cused, as characterized by 
the beam spot diameter (D). 
The model responses to 
these inputs characterize the 
"weld pool" and consist of 1) 
Energy Transfer Efficiency 
(fit), which is the ratio of 
heat absorbed by the work
piece to the incident laser 
energy, 2) Melting Efficiency 
(11m), the ratio of heat to melt 
the fusion zone to that 
absorbed by the workpiece, 
3) Penetration Depth (P), 
the deepest extent of the 
weld below the metal sur
face, and 4) Weld Width (\IV), 
which is the width at the sur
face based on a parabolic 
cross-sectional shape approx
imation. In summary, (11" 11 ... 
P, W) = f-( q .. v, D). The quan
tities q .. v vary continuously 
between bounds, while D is 
confined to four di crete 
lens sizes for the focused lens 
case. This will result in a dis
crete variable optimization 
problem. For a defocu ed 
lens, a continuous variable 
fonnulation is used. 

The model equation for P 
was empirical using the 
ratio of q.l vD as a kernel. 1/, 

energy absorption model as a function 
of P. Both P and 11, were augmented 
with additional parameters which were 
computed via nonlinear least-squares 
fitting of experimental data from over 
100 welds on 304 stainless, 1018 steel, 
and tin. Scaling of the P, 11, equations 
was necessary due to the span in vari
able orders of magnitude. 11 .. and W 
were based on thennodynamic rela
tions employing dimensionless para
meters (Ry, Ch) [see Fuerschbach, 
P.W., "Measurement and Prediction of 
Energy Transfer Efficiency in Laser 
Beam Welding," WeldingJournal, 75(1): 
24(s)-34(s), 1996]. Ry and Ch have 
embedded material constants for ther
mal diffusivity and enthalpy of melting 
which permitted applicability of the 

\\'llS derived from a Fresnel Figure 1. Optimization Software Graphical Display. 
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model materials not used in experi
mentation. 

From the derived model, (11" 11 ... P, W) 
= f-(q~, v, D), the following optimization 
problem combinations could be stated: 
Find a q .. v, D triplet to: maximize a fig
ure of merit: 11, or 1/ .. or 11,*11 ... and con
strain dimen ions: P and W or P to 
desired values for a given material. 

A two-part optimization procedure 
was developed. A steady-state genetic 
algorithm (ideal for discrete variable 
problems, but slow to converge) was 
used to "scan" the available q., v, D 
"space" and arrive at a triplet that 
would be "close" to solving the prob
lem of choice as stated above. This 
solution was then used in the focus 
problem as an initial guess to solve two 

types of faster, gradient
based subproblems corre
sponding to the aforemen
tioned constraint combina
tions . In the first subprob
lem type, the user seeks a q., 
v combination at each of 
the n values of D that gen
erates the desired con
straint values on both Pand 
W. Each of these subprob
lem solutions requires a 
nonlinear algebraic solver. 
The algorithm then sorts 
on the n or less acceptable 
constraint solutions accord
ing to the figure of merit 
chosen. For the second sub
problem, the user seeks a 
qo, '\) combination for a 
desired P value only. Each 
of the n subproblems uses a 
nonlinear optimization 
algorithm. Again, a orting 
is done on each of the ub
problem solution . In the 
defocus problem, D is 
bounded, but continuous, 
and once found is matched 
via an optics relation to the 
appropriate lens(es). 

The MATIAB-based code 
is packaged with a graphical 
user interface (CUI) , analy
sis graphics, and weld cross-
ection display update . The 

CUI is divided into a "best" 
weld chedule listing, plot 
selection, and weld specifica
tiODS. The best output Ii t 

contains the computed weld 
schedule and associated 

responses (or process vari-
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Figure 2. Weld Shape Zoom Display. 

abies) from the previous optimization. 
The plot selection provides four types of 
analysis plots (both 2-D and 3-D) for 
each process variable. In addition, a fifth 
type of plot guides the user in selecting 
feasible P, W combinations. The weld 
specification accepts inputs for material, 
opumlZation combination, desired 
depth, and width. Computation is 
launched via push-button. A HELP win
dow is provided to explain code con
tents and feature layout. 

A "status" bar informs the user of code 
activity. 

Completion of the weld schedule 
computation results in updated weld 
shape and analysis graphics displays. 
The shape display shows fits of a 
parabola to the computed depth and 

width, which for 
the experimental 
data is a good 
approximation. 

2-D and 3-D 
analysis plots dis
play the entire Figure 3. Analysis Display of Penetration Depth Contour. 

penetration 
depth contour of which the compute 
weld schedule is but one point. This 
allows the weld engineer to do trade
off's if a neighboring suboptimal solu
tion is sufficient. The engineer can 
"flip" between the available plot types 
without recomputing. 

When 1/, is not maximized, more 
expensive and powerful lasers are need
ed to compensate for lost energy and 
higher production rates cannot be 

achieved. When 1/", is maximized, it 
assures that heat input to the part is as 
low as possible. The use of this software 
could lead to substantial time and cost 
savings to laser weld producers. 

This work was done by C. Richard Eisler 
and PhiUip Fuerschbach of Sandia National 
Laboratories. For further information, con
tact Rick Eisler at Dept. 9234, Albuquerque, 
NM 87185-0439, (505) 844-4838; E-mail: 
greisle@sandia.gov. 

One-Grid-Pair Fourier Telescope for Imaging 
X and Gamma Rays 
This telescope design provides better imaging at a significantly lower cost. 
Marshall Space Flight Center, Alabama 

A telescope design, using only one real 
and imaginary set of grid pairs, provides 
superior performance at a greatly 
reduced cost. Previous Fourier telescope 
designs required many fine grid pairs 
constructed from material such as tung
sten. These multiple-grid telescopes were 
extremely large in order to provide a rea
sonable collecting area and required 
unreasonably long focal lengths. 

The Fourier-transform design elimi
nates all but one set of grid pairs by 
incorporating rotation of the grid pairs 
and movement of the mass separating 
the two grids. This telescope has a set of 
subcollimators that feed discrete detec
tors. A measurement of the amplitude 
and the phase at selected points in the 
visual plane provides the real and imagi
nary parts of the Fourier component 
measured by a given subcollimator. A 
spatial modulation collimator (SMC) 
uses slight differences in the geometry of 
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Variable 
Separation 

1 BO° Rotation 
for each delta 

_ Detectors 

A One-Grid-Pair Fourier Telescope provides better imaging through rotation of the instrument and 
separation of the grid pair during operation. 
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I e 21st Century Depend 
o r off Corporation 

Sarnoff Corporation offers the capability to design and 
fabricate customized optoelectronic devices to give 
your system a competitive edge. For the first time, 
proprietary state-of-the-art optoelectronic devices are 
available to system developers and manufacturers 
without the need for expensive in-house facilities. 

Custom Wavelenglll DFB Diode L ••• 
Sarnoff Corporation has developed distributed fee<b 
back diode lasers to meet the needs of a va:rtety of 
applications requiring a highly-stable single 
frequency diode laser source at unique wave~ 
These lasers can be developed for operation at 
wavelength between 780 and 1700 nm We 
also develop proprietary customized oenoesJ~;rt:;~ 

specific client needs. 



the grids of an aligned pair to modulate 
the incoming hard x-ray wave front, 
enabling the Fourier component to be 
measured. A rotating modulation colli
mator (RMC) u es the rotation of the 
in trument itself about its line of sight to 
provide modulation. The RMC integra
tion time for a single frame is now linked 
to the rotation time of the satellite upon 
which the telescope is mounted. 
Therefore, integration time for the RMC 
can be significantly longer than the 
detection time that constrains the SMC. 

Since the visibility function in the 
ob ervational plane is directly related to 
the brightness distribution in the object 
plane via a Fourier transform, an image 
is obtained from the inverse Fourier 
transformation of the visibility function. 
A complete, well-defined image requires 
the measurement of the visibility func
tion at a sufficiently dense set of points in 
the plane. Simulation is the best way to 
determine whether enough points are to 

be measured for a given ource to pro
vide an acceptable image. 

E entially, the Fourier concept 
involves ampling elected Fourier com
ponents from a wave front emitted by the 
ource. Each component rna be vi uaI

ized by a single point on a common com
plex urface. By measuring a number of 
components over a significantly large 
spatial frequency spectrum, the Fourier 
surface may be approximated. An 
inverse Fourier transform of the urface 
function yields an approximate or "dirty" 
image. When viewing a typical dirty 
image, the processing artifacts can make 
the picture very difficult for the eye to 
see. 

The Astronomical Image Processing 
System (AIPS), a oftware operating sys
tem widely used by radio astronomers, 
was incorporated into the simulations for 
the Fourier-transform telescope to clean 
the dirty images. This software package, 
which uses optional algorithms, also dis-

played the imulation images in a num
ber of different ways. 

Sub tantial progress has been made in 
studying x-ray and gamma-ray imaging 
instruments and associated support 
pacecraft platforms, such as the pace 

station, the space shuttle, and Earth-Qrbit 
satellites. Through de ign simulations, a 
less-costly telescope, requiring only one 
et of real and imaginary grid pairs to 

provide better images of hard x-ray and 
gamma ray sources, has been developed. 

This work was done by Jonathan Wesley 
Campbell of Marshall Space Flight Center. 
For further infonnation, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Physical 
Sciences categury, or circle no. 194 on the TSP 
Order Card in this issue to receive a copy by 
mail ($5 charge). 

Inquiries concerning righL5 for the commer
cial use of this invention should be addressed to 
the Patent Counsel, Marshall Space Flight 
Center; (205) 544-0021. Refer to MFS-31176. 

Diode-Laser Devices for Aiming and Ranging an X-Ray Source 
Other sources of invisible radiation (microwaves, infrared , ultrasound) could also be aimed. 

Marshall Space Flight Center, Alabama 

Two diode-laser devices have been 
developed to facilitate the correct posi
tioning and orienting of an x-ray source 
with respect to an object to be inspect
ed. The first of these devices is used to 
aim the x-ray beam toward a designated 
point on the object. This device is also 
used to measure, to within a fraction of 
a degree, the angle between the x-ray 
beam and the object surface on which 
the designated point lies. It i necessary 
to measure this angle because angular 
errors as small as 10 have been known 
to lead to incorrect interpretation of x
radiographs. The second diode-laser 
device is used in conjunction with the 
first device to measure the distance 
between the x-ray source and the desig
nated point on the object. Knowledge 
of this distance is necessary for extract
ing three-dimensional position infor
mation from x-radiographs. 

Laser devices have been used previ
ously for aiming x-ray sources. The 
advantage of the present laser devices is 
relative simplicity; they contain fewer 
parts and are easier to use. The present 
aiming device (see Figure 1) comprise 
a diode-laser gunsight mounted on a 
plastic or aluminum base that has been 
machined to mate with the port flange 
of an x-ray tube. An essential part of the 
fabrication of this device is a prealign-
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X-Ray Tube 

Laser Beam 

Base 

Diode-Laser Gun Sight 

~~~;>>>>-" Object To Be 
Inspected 

Figure 1. The Diode-Laser Aiming Device is attached temporarily to an x-ray tube and used to visibly 
mark the path that will later be followed by x-rays. 
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• TECH BRIEFS 

• 

01 ay Gift Ideas 
Shuttle Liftoft'T-Shirt 

Dramatic, colorful graphic on 
back of black cotton shirt 
Adult sizes: M, L. XL. XXL; 
Children's sizes: 2-4. 6-8, 
10-12, 14-1 6. $14.95 

Mars Pathfinder T-Shirt 
Full-color mission logo on front, 
Sojourner illustration on back 

Black or white cotton shirt Adult 
sizes: M. L. XL XXL $14.95 

NASA Logo T-Shirt or Sweatshirt 
NASA on front of black 

or T-shirt or sweat-
shirt M. L. XL XXL; 

Space Coloring Book Children's sizes: 2-4. 6-8. 10-12. 
A great stocking-stufferl 
Easy-to-understand descriptions 
of spacecraft and missions, with 
drawings for young artists to color. 

pp. $3.50 

NASA Vector Cap 
Striking red, white, and 
blue NASA logo on 
white poplin cap. 
Size-adjustable. 
$9.95 

14-16. T-shirt $12.95; 
sweatshirt $21 .95 

r----------------------------------------------------- ---------------------------------------------~ 

Rush me the following: (list quantity) 

_ Mars Pathfinder 0 Black Q White T-shirt ($14.95) _ NASA Logo 0 Black 0 WhireT-shirt ($12.95) 
size(s): ____________ _ size(s): ___________ _ 

_ Shuttle UftoffT-Shirt ($14.95) _ NASA Logo 0 Black 0 White Sweatshirt ($21.95) 
size(s): ____________ _ size(s): ___________ _ 

_ NASA Vector Cap ($9.95) _ Spacecaps ($3.50 per pack) 

_ Space Coloring Book ($3.50) 

:) Check here for your free package of Spacecaps (orders of $25.00 or more) 

Add $5.00 to order for postagelhandling. NY residents add sales taX. Total: $ ___ _ 

o Check enclosed (payable to Associated Business Publications) 

o Charge my: 0 VISA 0 Mastercard 0 AmEx 

Account No.: 

Nam~ _____________________________________ __ 

Company (if bus. delivery): _____________ _ 

Addr6s: ___________________________________ __ 

: Expire Date: __________________ _ Ciry/StlZip: _________________ _ 

I 
I 
I 

Phone No.: _________________ _ 

: Signature: ___________________ _ Fax No.: 
I 
I 
I 
I , 
I 

Mail to: Associated Business Publications. Dept. F, 317 Madison Ave .• #1 900. New¥ork, NY 10017. 
Fax: (212) 986-7864. Questions? Call (212) 490-3999. 

L _________________________________________________________________________________________________ _ 



ment procedure in which a pedal 
optomechanical alignment jig that 
hold a piece of x-ray film is u ed to 
position and orient the diode-laser gun-
ight to make the laser beam coincide 

with the x-ray beam. The aiming device 
is held on the x-ray tube by an elastic 
strap and can thu be installed and 
removed quickly and easily. 

During aiming, the x-ray tube is 
turned off. The beam of vi ible light 
emitted by the diode laser marks the 
path of the x-ray beam. The position 
and orientation of the x-ray tube 
and/or the object to be inspected are 
adjusted until the laser-illuminated spot 
is centered at the designated point on 
the object. The angle between the 
beam and the surface of the object is 
measured by use of a protractor posi
tioned to be grazed by the edge of the 
beam. 

The second (distance-measuring) 
diode-laser device comprises another 
diode-laser gunsight mounted on a 
vernier-caliper positioning mechanism. 
The positioning mechanism is attached 
to the aiming device and used to posi
tion the second laser-beam source at a 
known lateral distance from the first 
laser-beam source. In another prealign
ment procedure, the second laser beam 
is aimed to intersect the first laser beam 
at a known fixed angle, regardless of 
the lateral-distance setting. In use, the 
lateral distance is adjusted until the two 
beams intersect at the designated point 
on the object to be inspected. Then the 
distance between the x-ray rube and the 
object to be inspected can be calculated 
from the known lateral distance and 
the known angle of intersection by sim
ple trigonometry. This device could be 
assembled to allow I-in. (2.54-cm) of 
caliper movement to equal a 10-in. 
(25.4-cm) change in x-ray path length . 

Modified versions of these diode
laser devices could be used to aim 
sources of other types of invisible radi
ation (microwaves, infrared, and ultra-
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Figure 2. Two Laser Beams that originate from known locations intersect at known angle a. The dis
tance from the axis of the x-ray tube to the object to be inspected is given by d = h + I cot a. 

sound). Of course, the prealignment 
procedure for the aiming device 
would be different for different types 
of radiation. 

This work was done by Glenn Cotty, Craig 
Clauss, and David Olson of Lockheed 
Martin for Marshall Space Flight Center. 

For further information, access the 
Technical Support Package (TSP) free on
line at www.nasatech.com under the 
Physical Sciences category, or circle no. 195 
on the TSP Order Card in this issue to 
receive a copy by mail ($5 charge). 
MFS-31170 

Image-Warping Coherent Fiber-Optic Bundles 
Images could be warped away from nonfunctional areas of retinas to restore some vision. 

Lyndon B. Johnson Space Center; Houston, Texas 

Tapered coherent fiber-optic bundles 
of a proposed type would be designed 
to warp images according to predeter
mined mappings. In one important 
potential application, an optical device 
of this type would be used to compen
sate partly for the loss of vision in the 
central part of a retina. The device 

lOa 

would warp the image onto the remain
ing sensitive outer part of the retina, in 
such a way that a distorted but partly 
usable version of the central part of the 
image could be seen. 

The distortion of an image onto the 
remaining functional part of a retina 
was mentioned as one of the potential 

www.nasatech.com 

applications of a developmental digi
tal/analog image-processing system 
described in "Programmable Remap
per" (MSC-21350), NASA Tech Briefs, 
Vol. 14, 0.6 Uune, 1990), page 46. Of 
course, an image-warping coherent 
fiber-optic device would lack the pro
grammability of an electronic image-
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processing system, but in return it 
would offer ruggedness and essentially 
unlimited processing speed. 

Tapered coherent fiber-optic bundles 
that magnify or minify have been pro
duced by heating and stretching solid, 
originally cylindrical coherent fiber
optic bundles. A device of the propo ed 
type would also be made by heating and 
stretching a cylindrical coherent fiber
optic bundle, but in this case, the bun
dle would start out as a hollow cylinder; 
that is, it would have a central hole run
ning along its length. The bundle 
would be stretched and heated while a 
vacuum was applied to the central hole 
(see figure). The atmospheric pressure 
on the side of the bundle would thus 
force the sides inward, causing the hole 
to taper down to a smaller diameter 
and eventually to close as stretching 
proceeded. Once the stretched bundle 
had cooled, a transverse cut would be 
made at or near the midlength to 
expose a cross section in which the cen
tral hole was closed. 

An image focused on the circular sur
face at the narrow end of the bundle 
would travel along the optical fibers 
and would become warped as desired 
because it would emerge from the cor
responding fiber redistributed on the 

Optima Precision Inc. 
775 SW Long Fann Road 
West Unn. Oregon 97068 
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Output Image on 
Wide, Hollow End 

A Coherent Fiber-Optic Bundle would be made to taper from a hollow wide end to a solid narrow 
end. An image focused on the solid narrow end would emerge from the wider end magnified and 
warped away from the central region. 

ring surface at the wide end (see fig
ure). 0 image would be formed in the 
hollow interior region at the wide end. 

This work was done by Richard D. Juday 
of Johnson Space Center. For further 
information, access the Technical Support 

Package (TSP) free on-line at www. 
nasatech.com under the Physical Sciences 
category, or circle no. 196 on the TSP Order 
Card in this issue to receive a copy by mail 
($5 charge). 
MSC-22435 

For more information, pleaSe call for a ~or 

Phone: (800) 544-4118 
(503) 638-2525 

Fax: (503) 638-4545 

W;it 0lI' website 1Dday ... 

Website: www.optima-prec.com 
email: optima--prec@wor1dnet.att.net 

For More Information Circle No. 451 lla 



A Photonic True Time-Delay System for Phased-Array Antennas 
Using a fiber chirp grating and acousto-optic beam deflectors, the system promises to reduce 
the size, weight, and complexity of such antennas. 
National Institute of Standards & Technology, Gaithersburg, Maryland 

Conventional high-frequency ignal 
steering is accomplished by mechanically 
or electronically pointing an antenna 
dish. Such conventional rotodome and 
mechanically canned antenna technol~ 
gie for early-warning urveillance air
craft, though proven, have everallimita
tions. Each target of intere t is illuminat
ed for only a brief period of the anten
na's can pattern, 0 dwell time remain 
low. Mechanically scanned antenna tech
nology al 0 has limited mechanical relia
bility and the limitation of a long delay in 
redirecting the antenna beam. 

High-frequency ignal teering tech
nology has evolved with phased-array 
antennas, which eliminate the mechani
cal steering with fast electronic beam 
steering. Phased-array antennas can be 
u ed for radar imaging, target illumina
tion, and communication devices. 

Electronic canning via an arra of thi 
type allows the antenna to concentrate 
its power on ectors and targets of inter
e t. Electronic beam teering in a 
phased-array antenna require multiple 
antenna elements, each of which radi
ate radio frequencie in a ynchronized 
pattern, re ulting in the interference 
that directs the beam. 

While a phased-array antenna is an 
improvement over mechanically teered 
beam, technical challenges remain. For 
conventional two-dimen ional beam 
steering, at least 100 antenna elements 
are required, and each element require 
multiple fibers of varying length to pr~ 
duce various time delays for it. 

As a result, various conventional fiber 
optic approache to 2-D beam steering 
have the limitation of high complexity, 
requiring between 10,000 and 10 million 

optical fibers. Becau e phased-array 
antenna beam teering is ba ed on 
time delay, multiple-direction steering 
require multiple time dela , ranging 
from 0.05 pico econd to 100 nano ec
onds. 

In conventional phased-array anten
nas, such time delay i accompli hed by 
sending light ignal through long bun
dle of fiber optic cable. The time 
required for ligh t to travel the length of 
the fiber re ults in the required delay: a 
100-n delay require approximately a 20-
km fiber, u ing conventional technol~ 

gies. AI 0 conventional time-delay sys
tems must utilize either multiple laser 
diode (Hughe) or a fast laser frequen
cy-tunable over a broad range ( aval 
Re earch Laboratory). Finally, conven
tional pha ed-array technologie u e 
photon-t~lectron converters. This con-
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Free catalogs and literature for Laser Tech Briefs readers. 
To order, circle the corresponding number on the Reader 
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SPECIALTY 
OPTICAL FIBERS 
AND BRAGG 
GRATINGS 
16-page brochure provides an 
overview of the fiber Bragg 
gratings, specialty fibers, and 
components available from 3M 

Specialty Optical Fibers. Specialty fibers include 
polarization-maintaining. polarizing. and low-wave
length single-mode; multimode fibers and assem
blies in core sizes up to 1.5 mm. including poly
imide<oated and hard·dad silica. 3M Specialty 
Optical Fibers. 420 Frontage Rd .• Wesl Haven. cr 
06516; (203) 9.'147961; Fax: (203) 932-3883; E-mail: 
sgambino@mmm.com 

3M Specialty Optical Fibers 
For More Information Circle No. 46S 

OPTOELECTRONICS 
FOUNDRY AND 
DESIGN 
The Sarnoff Corporation's opto
electronics foundry supplies 
Fabry Perol and DFB laser devices 
LO many of the world's leading 

aero pace and medical lechnology finns. For the 
first time CUSlom state-of-the-an optoelectronic 
devices are available to S) tern developers and man
ufacturers without the need for expensive in-house 
facilities. Sarnoff can supply design. material syn
thesis. wafer proce ing. and device testing for cus
tom devices ranging in wavelengths from 7 0 to 
2000 nm. Sarnoff Corporation. 201 Washington 
Rd .• PrinceLOn.l'!)' 08540-6449; (609) 734-2000; fax: 
(609) 734-2221; www.sarnoff.com. 

Sarnoff Corporation 
For More Information Circle No. 463 
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SOLID-STATE LASER 
OPTICS CATALOG 
VLO. ew Port Richey. FL. a 
ubsidiary of ll-VJ Inc .• is offer

ing manufacturers and users of 
solid-state lasers a new and com
prehensive 72-page catalog fea
turing complete information 

and specifications on polarization optics. laser cavi
ty flow tubes. lens ducts. etalons. monolithic crystal 
assemblies. oxide and fluoride laser gain crystals. 
nonlinear crystals. and a full complement of antire
flective. highly reflective, and dichroic coatings. 
VLOC Inc .• 7826 Photonics Dr. . ew Port Richey. 
FL 34655; 813-375-VLOC ( 562); Fax: (813) 845-
5!1OO; http://www.vloc.com. 

VLOC Inc. 

For More Information Circle No. 466 

LIGHT 
MEASUREMENT 
CATALOG 
Internalional Lighl offers 
their late t "ersion full-line 
catalog del>Cribing light mea
suremenl in trumentation , 
applications. and basic con

cepts of Radiometry/Photometry. Many new prod
ucts are introduced covering a wide range ofUV-VJS
IR application . All technical detail such as spectral 
and patial responses. measurement ranges. and 
descriptions have been either updated. enlarged. or 
expanded in scope. International Light, Inc .• 17 
Craf Rd .• Newburyport. MA 01950-1092; (508) 465-
5983; Fax (508) 462-0759; E·mail: ils"le @ 
intllighl.com; Internet: hup:/ /www.il1ll·lighl.com 

International Light 
For More Information Circle No. 464 

www.na.~a l e(.h .('om 

LASER TEST 22 
LASER DIODE 
CONTROLLER 
The LaUT 'I'r.sl 22 laser diode 
controller offers drive power 
and versatility. The laser 
diode is desib'1led to simulla-

exFO neously power an internal 
'--_____ -' TEC (10 VA) and an exter-
nal. high-power TEC (90 VA). The Lam Tl'S1 22 
provides low noise. safe operation. and two pho
todelector inputs fur internal or external APc. 
EXFO Electro-Optical Engineering Inc .• 465 Codin 
Ave .• Vanier. P.Q. elM 3C7. Canada; (418) 683-
0211 ; 80().663-3936; Fax: 418-683-2170: E-mail: 
info@exfo.com; Imp:/ / www.exfo.com. 

EXFO E.O. Engineering Inc. 

For More Information Circle No. 462 

SPACE STATION T-SHIRT 

Colorful rendition of orbiting tation superimposed 
dramatica1ly on back of black hirt; image of Earth 

on front left side. 100% cotton_ Adult L or XL 

$12.95 Add $5.00 for handling and shipping charges 

Mail payment to: NASA Tech Briefs. Depl F 
317 Madison Ave. ew York, NY 10017 

For credit card orders call (212)490-3999 
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Light Source 
Broad Llnewidth 

FCG 
(FIber ChIrp 

Grating) 

Single Fiber 

RFCGs 

AOS 
(Acouato-Optlc 
Spectrometar) 

Encoding of Time Delay 
by Wavelengths 

KEY COMPONENTS 

Time-Delayed 
1-D Grating by 
Dispersion (x) 
Stretching (y) 

AODP 
(Acouato-Optlc 

Dove "".",) 

Ultrafast 
2-D Image 

Rotation 

NXN 
Optical to m-wave 

Converters 

• FCG - Encoding of linear chirp time delays by wavelengths 

• AOS + Window - Decoding (Selection of desired time delays) and stretching 

• AODP - Ultrafast image rotation 

Schematic showing the NIST design approach to the Photonic True Time-Delay System for phased-array radars. 

version step results in a speed bottleneck 
and additional component cost. Also, 
use of the converter means that the array 
cannot receive a signal at the same time 
it is transmitting a signal. 

In contrast, the NIST true dme-deJay 
device reduces the multiple optical fiber 
complexity to one fiber. The system uses 
an inexpensive broad-linewidth LED 
light source, a single fiber chirp gradient 
for encoding of linear chirp time delays 
by wavelengths, an acousto-optic spec
trometer, and an acousto-optic Dove 
prism for ultrafast «10 ).IS) image rota
tion. Th is system eliminates the need for 
long, bulky bundles of fiber optic cable. 

The invention also uses an inexpensive 
light-emitting diode as its light ouree, 
eliminating the need for splitters, com
biners, and switches required in conven
tional phased-array technologies. Finally, 
tlle system is ~optically transparent," in 
that it permits the simultaneous bidirec
tional travel of transmitted and received 
signals-there is no photon-to-electron 
conversion. 

Applications of the improved anten
na system include military terminal 
guidance munitions, self-protection 
sen ors, ballistic mis ile interceptors, 
landing guidance radar, and colli ion 
or obstacle-avoidance ensors, all of 
which need good acquisition range and 
high angular accuracy. In commercial 
markets, the system may enable com
munications u ers to receive broad
band, high-data-rate, duplex voice 
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information from moving platforms. 
Further development of this inven

tions should reduce the cost of phased 
arrays so that they can be used on com
mercial systems such as personal naviga
tion devices, paging, and airborne 
phones, faxes, and other services. This 
invention could reduce the cost of cellu
lar base-station antenna systems: they 
could generate multiple spot beams, 
each of which could track cellular users 
moving through their area of coverage at 
lower transmission power than current 
cell ular broadcast technologies. Also, the 
sim.u1taneou bidirectional feature of the 
invention would be particularly suitable 
for communications ervices. Another 
potential commercial application is 
between a moving communications 
device and a low-<>rbit satellite. Today, 
several manufacturers offer a satellite 
phone for 3000-5000. The ability to gen
erate a small beam that can be scanned 
makes it po ible to radiate Ie power for 
the same received signal levels, and ince 
the amount of radiated power dictate 
the ize of the solar-cell array on satellites 
and the size of the batteries that are 
required in handheld transceivers, 
reduction in the requirements for radi
ated power can lead to reductions in cost 
and weighL 

This wurk was done bJI Dr. Eung-Gi Paek at 
th.e InforrTUllitm Technology Lahuratory of lM 
National Institute of Standards & 
Technology. Fur more inforrTUllion on 1M 
commercial tlSe of this and other NIST tech-

www.nasat.ech.com 

nologiJ!S, contact Randy Smith, Technology 
Licensing Officer; at (301) 975-4651; fax 
(301) 869-2751; E-mail: wrsmith@nist.gov. 

OvernIght Dellveryl No extra chargel 
Pay the freight, and It's yours ... tomorrow! 

PI~ 
428 Waverly Avenue. P.O. Box 586 
Mamaroneck, NY 10543·0320 USA 

Tel: 800-698-8151 
914·698·8111 

Fax! 800-69&3629/914-69&3629 
MastetCarri and VISA accepted. 

For More Information Circle No. 454 



NEW PRODUCTS 

PRODUCT OF THE MONTH 
High-Power Excimer lasers 
Lambda Physik, Ft. Lauderdale, FL, introduces the 
NovaLine 100, the Mt in a new eries of high-power 
excimer lasers. With 100 W of stabilized output power, the 
KrF laser is ideal for such industrial microstructuring taSks 
as high-speed circuit-board via drilling, inkjet printer noz
zle drilling, and wire stripping, the company says. 
NovaTubeN metal<eramic laser tube con truction extends 
tube and gas lifetimes without the need for a cryogenic puri
fier, according to Lambda Physik. Other features are lide 
ValveN tube window mounting for fast cleaning or replace
ment, and an internal HaloSafe- solid-state halogen gener-

ator. Pulse energy is 400 mJ and repetition rate is 250 Hz at 248 nm. All utilities are supplied from 
below, and all maintenance access is from one side of the laser only. 

For M,,", Information Circle No. 796 

Varied Line of 
Silicon Detectors 
Edmund Scientific 
Co. Industrial Op
tics Division , Bar
rington, r-u, says its 
silicon detector line 
is designed for a 

wide variety of applications ranging from the ultravi
olet to the near infrared. Edmund Scientific offers 
detectors of varying characteristics such as break
down voltage, dark current, noise equivalent power, 
quantum efficiency, responsivity, and rise time. 
Edmund's application engineers are available to 
assist the customer in selecting the proper detector 
for an application. 

For More Information Circle No. 798 

Connectorized laser 
Diodes 
Polaroid Laser Diode, 

orwood, MA, offers its 
connectorized laser di
odes in three standard 

connector terminations: ST, FC, and SMA Coupling 
efficiency of better than 65 percent is guaranteed 
using 2()O.micron<ore step index fiber. The compa
ny says that, taking advantage of its custom low-ther
mal-impedance 9-mm package, advanced microlens
ing capability, and precision manufacruring technol
ogy, it can economically deliver hundreds of milli
watts of power into multimode fibers of l()O.micron 
and larger core diameters at wavelengths from 660 
nm to 980 nm. Diodes from 200 mW to 2 W of out
put power can be incorporated in this package. 

For More Information Orcle No. 801 

Advanced 
Beam Pointing 
and Control 
The BeamLok ac
cessory from Spec

tra Physics Lasers, Mountain View, CA, designed for 
use with its Quanta-Ray Pro Series d:YAC lasers, 
offers advanced beam pointing with active control 
and divergence reduction. Consisting of a far-field 
detector, corrective mirror, and J).Lok sensors, the 
device integrates them into a dedicated micro
processor-based controller to provide complete feed
back control. The company says the resulting system 
has faster warm-up times, typically under 15 minutes, 
and longer flashlamp lifetimes. RS-232/ lEEE com
patibility enables BeamLok to be incorporated into 
existing automated systems. 

For More Information Orcl" No. 804 
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Megaresolution 
CCD Digital 
Camera 
Eastman Kodak Mo
tion Analysis Systems 
Division, San Diego, 

CA, announces the Megaplus Model 16.8i, a full
frame digital camera based on a 4096-x-4096 charge
coupled device (CCD) array. The company designed 
the 16.8-million-pixel camera for demanding appli
cations such as megaresolution document imaging, 
aerial film digitization, and high-end photogramme
try. Each pixel is 9 microns square, providing a I ()O. 
percent fill factor. Compatible with commercially 
available framegrabbers, the camera can be operated 
remotely via a bidirectional serial communications 
port. Dynamic range is better than 48 dB. 

For More Infonnation Circle No. 799 

UV-VIS 
Spectrophotometer with 
Single Source 
Varian Associates, Palo Alto, 
CA, says that the key to the 
performance of its new Cary 
50 UV-visible spectrophotome
ter is the use of a single xenon 
pulsed lamp source. Unlike 

other UV-VlS instruments that use two light sources 
that are always on, the Cary 50's single source is only 
on when the instrument is taking a reading. Varian 
calls the Cary 50 the fastest scanning instrument on 
the market for the 2QO.4()O.nanometer range, the 
most commonly made UV-VlS measurements: the 
xenon £IashJamp allows scan speeds of up to 24,000 
nm/ min. 

For More Information Orcl" No. 802 

Digital laser-Beam 
Analyzer 
Merchantek Electro
Optics, Carlsbad, CA, 
announces Vi ion 1024, 
a new laser-beam analyz

er that incorporates digital camera technology. The 
IO-bit digital CCD has four times the dynamic range 
of the standard analyzer, the company says, for 
greater measurement accuracy. The high signal-to
noise ratio enables the device to detect Airy's disks, 
fringes, and details that escape S-bit systems. Fuzzy
logic triggering measures continuous-wave and 
pulsed beams from 1 Hz to 1 kHz. The palm-sized 
controller is microprocessor-based, works with or 
without a computer, and plugs directly into a moni
tor, printer, or other peripheral. 

For More Infonna1lon Circle No. 805 

www.nasatech.com 

Advanced Desktop Scanner 
System 

nsor Products Inc., East Hanover, a, 
introduces the TOPAQ" Advanced 

Imaging ·tem, based on a desktop scanner that 
reads and interprets Fuji" Prescale and Pressurex" 
pressure-indicating fUm . These films permanently 
and irreversibly cltange color in proportion to the 
pressure that is applied to them. TOPAQ, a PC 
\\"mdows-based tern, scans and interprets thi 
expo ed film and produces images and statistical 
reports. Among the capabilities of the large-format 
densitometer are hi tograms of pre ure levels, line 
scans, and zoom up to 800 percenL The user can 
analyze multiple regions or single regions of interest, 
and can convert on a pixel-by-pixel basis from color 
intensity to a corresponding level of pre ure (psi). 

For More Information Circle No. 797 

High-Frequency Laser 
Diode Mount 
ILX Lightwave Corp. , 
Bozeman, MT, introduces 
the LDM4984RF high-fre
quency laser diode mount, 

which it says combines the demanding performance 
of2.5 Cb/ s modulation with the convenient butterfly 
mounL The company suggests using its laser diode 
connectors for current and temperature control, 
impedance-matched 50-0hm SMA modulation input, 
and clamping mechanism with the mount, providing 
everything needed to quickly mount, control, and 
modulate the most popular RF telecom laser diodes 
in the butterfly mounL Like other mounts in the 
LDM4980 series, the device has standard connector 
formats and case temperature control options. 

For More Infonnation Circle No. 800 
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Optical Reimaging 
Unit for 
Industrial Use 
Opto Power Corp. (OPC), 
Tucson , AZ, introduces 
the OPCORU-C2M, a 

CCJ).based optical reimaging unit (ORU) that focus
es light from laser modules into smaller or larger 
spot sizes. Equipped with a small color CCD camera, 
which provides on-axis real-time views of laser spots 
focused on target areas, the unit can be used with 
OPC's high-power fiber<oupled diode lasers. 
Capable of enlarging spot sizes by twofold, the device 
is available with working distances up to 42 rom. OPC 
says the unit promises to expand the use of high
power diode lasers in applications including solder
ing, marking, heat treating, sintering, and welding. 

For More Information Circle No. 803 

Dense Wavelength 
Division Multiplexer 
The new dense wave
length division multiplex
er (DWDM) from E-TEK 
Dynamics Inc., San Jose, 

CA, is described as an 8- or 16-channel module for 
increasing fiber capacity in a wavelength division 
multiplexing network. The ITU channels of the 
DWDM (patent pending) are narrowly spaced at 200 
CHz apart with a typical insertion loss 5:4.5 dB and 
typical adjacent channel isolation ~ dB. The com
pany guarantees polarization dependent loss at less 
than 0.1 dB. Optical power is 250 mW maximum. In 
addition to multiplexing, E-TEK Dynamics recom
mends the device for optical fiber amplifiers and 
CATV applications. 

For More Infonna1lon O rcle No. 806 
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GMR Is SEWP II Vendor 

W e upply ASA with the be t value, 
from de ktop , to UNIX worksta

tions, to upercomputers and profe ion-
al ervices, too! We've been AS 
Langley's Minority Contractor of the Year 
for the past three years. 

When it come to Government Micro 
Resource, there' nothing "micro· about 
us. ince 1981, GMR has been an award
winning busines providing co t-effective 
technical olutions to ASA and its con
tractor community. In fact, according to 
the 1996 ASA Annual Procurement 
Report, GMR ranked #49 of the 
top 100 ASA contractors. 
Through a variety of ASA 
agency-specific vehicles and gov
ernment-wide acqui ition con
tracts, GMR can support a wide 
array of information technology 
requirements. In addition to 
SEWP II, we currently hold IDIQ 
contracts with Goddard, Langley, 
Ames, Headquarters, Lewi , and 
Marshall. 

GMR's expertise lie in enter
prise-<lriented solutions and ser
vice in the areas of Software Engi
neering, Groupware, Internet/ Intranet, 
lAN/WAN, omputer Telephony Inte
gration (CTI) , Video Teleconferencing, 
and Calendar Year 2000. Our trong tech
nical resources and experience make us 
the global integrator to take your organi
zation into the 21st century. 

In our Software Development 
Division, project-<lriented offerings 
include life cycle oftware engineering 
de ign and development, architectural 
and technical systems integration con
sul ting, as well as busine proce s analy-
is and reengineering. We offer database 

de ign and development, information 
technology consulting, legacy to 

2H 

client/ erver database conversion, and 
implementation upport. 

Our Internet/ Groupware Division can 
recommend, de ign, build, and deplo 
complete bu ine solutions which pro
vide workflow, database, me aging, and 
tate-<lf-the-an imaging and document 

management capabilities. These olu
tions incorporate both Internet and 
Groupware components, and enable us 
to build a eamle s environment 0 you 
can effectively communicate, collabo
rate, and coordinate information. 

GMR's expert network de ign team i 
hand-picked for complex engineering 
projects. Comprehensive network design, 
installation, management, admini tra
tion, configuration support, and help 
desk are available in a variety of environ
ments. Services include Remote, On-Call, 
Onsite, and Depot programs. Our techni
cal experts maintain the late t certifica
tions and continuing education require
ments to tay at the forefront of the infor
mation indu try. 

Our Integrated Computer Telephony 
(CTl) Division marries the power of your 
computer with the communication 
capabilities of your telephone. 

tellarVoice™ and StellarVideo™ are 
two products that can enable you to 
acces your database via your phone line, 
or have call processing and video tele
conferencing capabilitie at your finger-

tips. Services include auto attendant/call 
routing, name/ addre capture, publica
tion reque ts, demographic number cap
ture, interactive voice re ponse, multi
ho t/protocol applications, fax process
ing, voice mail, audio text, peech recog
nition, and more. 

GMRTI, a sub idiary of GMR, offer a 
comprehensive solution to solve the 
Calendar Year 2000 date crisi. Our 
products and services offer a complete 
methodology, which provides a consi -
tent approach to the busine and tech-

nological is ue . Our ervice include 
focu ed, experienced project manage
ment and technical resources to ensure 
your ystem enters the 21st century 
smoothly. 

This decade is bringing fast global 
competition, historic advances in tech
nology, and revolutionary changes in the 
way we must operate. Your organization 
depends on its ability to gather, analyze, 
manipulate, communicate, store, and 
u e data. To maintain your success or to 
be the best in your field, reliance on 
technology will not only continue to 
grow, but \vill be absolutely imperative. 
Government Micro Re ource can be 
your total solutions provider. To learn 
how GMR can meet your continuing 
information technology needs, call any 
member of our ASA Team at: 1-800-
232-4671. 

Circle No. 691 
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Dolch: The Rugged Edge 

Dolch Computer Systems, Inc. special
izes in the development of rugged, 

environmentally hardened computer 
and display products for indusmal, aero
space, and faCtory automation applica
tions. Founded 10 years ago, Dolch has 
developed a family of configurable sys
tems using off-the-shelf components 
innovatively packaged to offer survivabil
ity from the knocks, drops, and drips of 
daily real-world use. 

Configurable Portable 
Computers 

Long ago, Dolch learned that its cus
tomers wanted to take applications that 
ran on the desktop and port them to 
field-portable platforms. This meant that 
we had to retain the flexibility and 
expandability of the desktop system 
while dramatically shrinking the pack
age. Each application required the plat
form to host some number of add-in ISA 
or PCI function cards and have great 
flexibility in the choice of peripherals, 
and to be rugged enough to survive field 
handling. To serve these needs, 
Dolch developed three portable 
systems: the LPAC, PAC, and 
MegaPAC. The LPAC has two 
add-in slots and weighs 15 
pounds, the PAC has 
five slots and weighs 
20 pounds, and the 
MegaPAC has nine 
lots and weighs 25 

pounds. Each has 
been optimized to 
provide the maximum 
of configuration flexibility in 
the minimum package pace. 

To keep co ts down. we chose to base 
our systems on commercially available 
components tailored for our use. For 
example, com pUler motherboards for 
Dolch are produced with controlled con
figurations for fabrication revision levels, 
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as embly revision levels and BIOS revi
sion level. Unlike common components 
purchased at the local com pUler mart, 
Dolch's component engineering 
group does not allow our vendors 
to change anything without a thor
ough evaluation of the new config
uration. This process allows us to 
provide cost-effective solutions to 
our customers while provid-
ing a higb-quality, config
uration-controlled prod
uct that is consisten t over 
the life span of our cus
tomers' projects. 

Rugged Flat-Panel 
Display Systems 

In 1990, Dolch was the first company 
to put a full-color TIT screen in a 
portable computer. Since then, we have 
been the leaders in providing new tech
nology displays to our customers in 
rugged packages that survive in harsh 
environments. Based on this experience, 
Dolch has pioneered implementation of 

high-clarity TIT displays into 
unfriendly environments like 
the factory floor, loading 

docks, spindrift whipped 
bridges of coastal cut
ters, and the like. 

Dolch has tackled the 
key problems facing 

information dis
play in ho tile 
environments, 
protection from 
shock and vibra

tion, sealing from 
the intrusion of dust and 

liquids, viewing clarity in high ambient 
light, and display information tran mis
sion over long distances. 

First, all Dolch monitors are construct
ed of aircraft aluminum or stainless teel. 
Critical components are sbock-mounted 
using IsoGuard isolators or are hard
mounted to sub tantial structure. This 
provides resistance to the shock and 
vibration of factory machinery or moving 
vehicles. 

Second, multiple o-ring seals are used 
to provide sealing from spray, hose-down 
or, in some cases, immersion. Our prod
ucts carry U.S. ratings of NEMA 4, 4X, 

and 12, and international ratings ofIP54, 
66, and 67. This sealing provide protec
tion from dust as fine as that found in 

paper mills and from full 
water hosedown. 

Third, Dolch has de
veloped a series of high
bright and upeT high
bright backlighting sys-

tems that improve our 
monitors ' lumi-
nance and con
trast ratios to the 
point that these 
displays are visi
ble with great 

darity in direct 
sunlight 

Lastly, our DynaLink extension series 
provides long-distance remote transmis
sion of the display data from a simple 
25' to 500' analog extension to a 100-
mile digital fiber optic transmission sys
tem that provides complete display clar
ity at the remote site while providing 
remote operation of a keyboard, mouse 
or printer. 

All of these design features are direct
ed to upplying a complete information 
display olution for applications in out
of-the~rdinary environments. 

Worldwide Support and 
Systems Engineering 

Dolch is established in over 30 coun
mes throughout the world with direct 
company~wned locations in California, 
Maryland, Germany, and the United 
Kingdom. Each primary location can 
assist in specifying the exacl configura
tion required to satisfy a customer's 
application. whether a tandard product 
or a custom configuration. Twenty-four
hour upport is provided through a tech
nical support page at www.dolch.com. 
along with an FTP site and a problem
reporting feedback sy tem. 

Dolch believes in focusing on its 
niche, providing the mo t refined solu
tions fOT tough application in portable 
computing and information display. This 
is all we do and we m\'e to be the best at 
what we do. 
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Since 19 2, Microway' products and 
technical upport have helped users 

get more done for Ie money. Starting 
with the concept Lhat PCS could use more 
numeric power, we built a product line 
and customer base that i now worldwide. 
The motherboards and workstations we 
design today use Alpha proce sors that 
deliver 20,000 times the throughput of 
the 8087s we started with in 1982. The 
600 MHz DEC Alpha that powers our cur
rent product line delivers lA-gigaflops by 
itself1 If you have an application that is a 
big-time number-cruncher or a DSP 
application which needs 64 bits of preci
ion, you should consider our solutions. 

One of the problems wiLh getting more 
done for less is tech support. Our service 
starts with the use of the telephone: when 
you call us you talk to a competent per
son. Because we appreciate the critical 
nature of your work, every one of our 
products comes with free tech support for 
two years. This means we charge a little 
more for our production-grade compilers, 
but they still cost much Ie s than the mini 
or mainframe tools of the past. Our excel
lent tech upport makes it po ible for us 
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to quote your favorite 
DEC UNIX and 
OpenVMS ystem , 
yet also deliver NT 
and Linux. And we 
know how to take 
care of special i tua
tions, including rack
mounted industrial
grade ystems and 
RAID-controlled hard 
disk farm. 

Microway's current 
software product line 
i anchored by NDP 
Fortran, which is 

® 

available for Pentiums and generates 
Alpha code for DEC UNIX, NT, and 
Linux. Digital and Intel 's ten-year agree
ment insures Lhat the Alpha 21164 
processor and its successors (21264 and 
21364) will continue to be performance 
leaders in the high-speed numeric mar
ket for years to come. Intel will manufac
ture the Alpha, which Digital engineers 
will design and market. This mean that 
you can count on Microway to continue 
our tradition of designing stat~f-the-art 
moLherboards, workstations, and add-in 
cards based on the Alpha and other RI C 
processors. 

Our customer for Alpha systems 
include most of Lhe major universities 
and government labs. Typical applica
tions run as fast on a 300 MHz 21164 as 
they do on a Cray Y/ MP. Our current 600 
MHz product employs faster caches, 
which help its speed scale with frequency. 

It delivers 343 Linpack 
megaflops and dot prod
ucts that hit 1.2 gigaflop. 

To take advantage of 
the Alpha' enormous 
power, we have developed 
a cheduler that nOl only 
makes it po ible to issue 
four instruction per 
clock, but to lead loads 
ahead of their use . This 
help to reduce the laten
cy of caches and memory. 

Microway hardware 
products have always 
been popular with gov
ernment, industry, and 
university researcher. 
Our i860 powered cards 
were used to search for 
oil, improve MRI re olu
tion, do air flow studies 
on jet engines, and help 
the ASA SETI project 

search for extraterrestrial life. An NT
powered Alpha Screamer currently is 
being evaluated by NASA to control shut
tle mis ions, while a government agency is 
now using Screamers to run, in minute , 
neutron scattering simulations that used 
to take days. 

Company History 
Microwaywas founded in 1982 to help 

dentists and engineers take advantage 
of the IBM-PC. Our first product was a 
library, which made it pos ible to use an 
8087 in a PC. We bundled our libraries 
with 087s and became one of Intel 's 
largest cu tomers. 

Our hardware products included PC 
accelerators, coproce sor cards, and 
motherboards. In 1986, we introduced 
the first 32-bit Fortran to run on an Intel 
PC. The first PC to hit a megaflop used a 
Microway/Weitek coprocessor driven by 

DP Fortran. Over the years, NDP 
Fortran has been used to port hundreds 
of popular mainframe applications, 
including MATIAB and ASPEN, to Intel
based PCS. 

Microway's workstations have been 
purchased by university and ASA labo
ratories since 1989. PC Computing Mag
azine, in July 1997, named our Alpha "the 
fuste L Windows NT workstation on the 
planet. .. the performance leader." 
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Finite element analysis in engineering 
product design is now well estab

lished. Commonly, organizations use 
various computer program for specific 
wks of finite elemem analysis, and 
these individual programs are to various 
degrees integrated in the computer
aided design process. For example, one 
finite element program is used for linear 
static and dynamic structural analysis, 
another program is used for acoustic 
analysis, and yet another program is 
used for nonlinear structural analysis. 
For nonlinear dynamic analysis, fre
quently also different explicit and 
implicit codes are employed. In addi
tion, finite volume-based programs may 
be used for fluid flow analyses, and vir
tually no capability is available to analyze 
complex fluid flows with structural 
interactions. 

The mission of ADINA R&D is to pro
vide one effective finite element pro
gram system- the ADINA System- that 
can be used to perform comprehensive 
finite element analyses of structures, flu
ids, and fluid-structure interactions. 

Time=10.00 

tions, or transient analysis using mode 
superpo ition, explicit or implicit time 
integration can be performed. Restan 
from one type of analysis to another is 

directly po sible. Fluids can be modeled 
as acoustic fluids, or incompressible or 
compressible fluids governed by the full 

avier-Stokes equations. In fluid flows 
with structural interactions, completely 
different mesh discretizations can be 
employed for the slruC(uTe and the 
fluid. The solvers of the program system 
are fully supported by in-house devel
oped pre- and post-processing, indud
ing automatic meshing, and the system 
also can be employed directly with CAD 
programs such as Pro/ENGINEER by 
accessing the geometry and I-DEAS or 
PATRAN by using their databases. 

The generality, effectiveness and reli
ability of the ADINA System are due to 
the specific finite element procedures, 
the sparse matrix solution techniques, 
and parallel processing used. Many of 
the techniques are described in the text
book, Finite E/cment Procedures, by KJ. 
Bathe (Prentice-Hall, 1996). 

TIf1le=34.10 
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Rollover analysis of a minivan produced by the ADINA System. The simulation shows the result of a rigid surface (representing a road) being 
pushed against the van at a very slow speed. 
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The use of one program system that is 
fully imegrated for struccural and fluid 
flow analyses, and that therefore can be 
used instead of a series of other analysis 
codes, provides for a tighter integration 
of the complete analysis process in the 
CAE environment, less COSl, and higher 
reliability and effectiveness. 

The ADINA System is unique becau e 
of its wide range of analysis capabilities. 
Structures can be modeled as linear or 
highly nonlinear, including material 
nonlinearities, large deformations and 
contact. Static analysis, frequency solu-

Company History 
ADINA R&D, Inc. was founded in 

1986. However, a graphical user inter
face for pre- and post-processing and 
effective CAE connection was Jacking 
until 1996. 

The new emphasis on ease of use of 
the ADINA System has rendered the 
System a very attractive analysis tool in 
many industries. 

More information on ADI A R&D is 
given on the Web at www.adina.com 
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A lgor, Inc. produces finite element 
analysis and event simulation soft

ware for Windows NT/95, UNIX, and 
DEC Alpha running Windows NT operat
ing systems. More than 16,000 engineers 
in more than 60 countries use Algor soft
ware. As a service to the mechanical engi
neering community, Algor presents this 
paper on event simulation. 

Introduction 
Event simulation is vastly different 

from what we learned in college about 
linear stress analysis. We were taught that 
stress, deformation, and displacement 
are functions of force. In event simula
tion, we assume that forces result from 
some type of action or motion, which 
produces deformation, displacement, 
and force. 

Contrasting Event Simulation 
with Classical Methods 

Classical Methods 
As an example, let's use a cantilever 

beam subjected to a force at the free end, 
shown in the accompanying diagram. 
The maximum stress (at A) is given by: 

a=Mc 
I 

[l] 

M is the moment generated by the force 
F (M=FL) , c is the distance from the neu
tral axis to the edge of the beam (c=t/2), 
and I is the area moment of inertia 
(l=wt3/12). This result is based on 
Hooke's law (IFI=kldl): force is a linear 
function of displacement. 

In finite element analysis, the matrix 
equation IF} = [K] Id} is solved for the 
displacement vector, Idl, from the force 
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A cantilever beam subjected to a force at the unconstrained end. 

vector IF}, and the stiffnes matrix, [K]. 
Subsequently, the stresse are calculat
ed from the equation {al =E {e}, where 
{E} is the strain vector. E is Young's mod
ulus, which corresponds to Hooke 's 
constant, k. 

All would be well if the beam were 
always at rest which is the only time 
when equation [l] is valid. However. the 
engineer must consider the "worst case 
scenario." which occurs when the beam 
is in motion. 

Event Simulation 
According to Newton's second law, 

F=ma [2] 

or force equals mass multiplied by accel
eration. This law quantifies that mass 
causes resistance to changes in motion. 
Note that under the influence of gravity, 
a body at rest generates a force (mg). 
where g is the acceleration due to gravity. 

In special cases of constant accelera
tion (i.e., gravity field near earth's sur
face) and short-lived events (say of length 
6t), Equation [2] can be rewritten as 

F = m1} or F6l = m6V [3] 

where 6v is the amount by which the 
velocity changes during 6t time. Thus a 
force of 1,000,000 lbs. acting over 

0.000001 seconds produces the same 
impulse (or change in momentum) as a 
force of 1 lb. over 1 second. 

Event simulation relie on the combi
nation of Newton's second law and 
Hooke's law as follows: 

F = ma = -kd or rna + kd = 0 [4] 

The force is in the opposite direction 
of the displacement, requiring a negative 
sign in front ofk. Also, note that the neb
ulous quantity force can be eliminated, 
and that the concept of time has been 
introduced through the acceleration. To 
simulate real world problems. we can 
also take damping or friction into 
account by: 

F =-cv [5] 

where v is the velocity and c is a constant. 
Combining equations [4] and [5] and 
eliminating force (F), we obtain: 

ma + cv + kd = 0 [6] 

or in matrix form: 

[M] la} + [C]lvl + [K] Id} = 0 [7] 

This is the basic equation of event sim
ulation; note how it models the combi
nation of motion, damping, and 
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mechanical deformation. If stresse are 
ofinteresl, they can be calculated during 
the analysis by applying the formula {a} = 

E/s}, where Is} (the strain vector) is easi
ly obtained from the displacement vec
tor Id}. In event simulation, the concept 
of force is superfluous. 

Numerical Example 
Imagine a cube of mass m impacting 

a rigid surface along a face. We are 
interested in the maximum deforma
tion experienced by tbe cube. We first 
perform a hand calculation for the 
maximum compression length. Then 
we use event simulation to solve the 
same problem more quickly and com
pare results. 

top of the cube during the impact inter
val, At. the factor of 1/2 in equation [8] 
is needed because we are applying equa
tion [3] at the centroid. We expect the 
top of the cube to move twice as fast as its 
centroid once contact is made. The con
stant acceleration assumption combined 
with basic kinematics allows us to obtain 
an expression for the amount by which 
the cube deforms during impact: 

at2 
&=- or 

2 
AL = _ AvAt or 

2 

[9] 

where Vimpaa is the velocity of the top face 
of the cube, at the moment that contact is 

AL 

-~- --------- , -,-, I , , 

~/ 
Cube just prior to contact (left side). Cube at time of maximum deformation (right side). 

By Newton's second law, the impact 
force is given by equation (3). We assume 
that the cube's entire mass is located at its 
centroid and that for any particular loca
tion on the cube, the acceleration is con
tant throughout the impact. Equation 

[3J takes the form: 

F __ 1_ m./J.:'L 
- 2 At [8] 

made. We need the negative sign in equa
tion [9] because Av is negative and we 
seek a positive value for AL. ote how Av 
is repJaced by just Vlmpa<' because at the 
time of greatest deformation, the top of 
the cube is not moving. 

By Hooke's law, the force on the cube is 
given by 

F =-ktoL [10] 

Combining equations [8] through 
where Av is the change in \'eJocity of the [10], yields: 
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Putting k in terms of E (k=EL for a 
cube length L deforming along an axis 
perpendicular to a face), one obtains: 

Using Algor software, we simulate the 
same impact problem using these val
ues: cube length (L) = 1.0 in., mass (m) 
= 0.000253 Ibm, material Young's modu
lus (E) = 10'lb/in.2

, starting elevation = 

100 in., and gravity field = 386.4 in/sec2
• 

The software predicts a maximum 
deformation (AL) of 0.000694 in. which 
compares closely with the value of 
0.000699 in. given by equation [12). 
Note that we did not need the impact 
force or velocity. 

Conclusions 
This example demonstrates the diffi

culty of analyzing a simple impact prob
lem without using Algor's event simula
tion software. Imagine how involved, or 
even impossible, the hand calculation 
for force would be for a typical part -
not a cube. And, without the force, a 
static finite element analysis would have 
little meaning. On the other hand, 
event simulation software can handle a 
model of any complexity. Furthermore, 
event simulation has the useful by-prod
uct of generating a "frame-by-frame" 
record of the event. 
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ANSOFr 

The rules have changed. Since the early 
1970s, design engineers have used 

EDA software to assist in electronic design 
and development. EDA software auto
mates the previously manual, time-con
suming, error-prone design process, re
sulting in dramatic increases in productiv
ity and efficiency. To date, the best EDA 
technology has relied upon circuit theory 
and automating traditional design rule 
to reduce the design cycle. However, as 
design and manufacturing technology has 
focused on increased performance, mini
aturization, and yield, the applications for 
EDA software have 
expanded from 
computers to com
munication, semi
conductor, auto
motive, aerospace, 
and consumer elec
tronic products. 

The need to 
model accurately 
the electromagnet-
ic interaction inherent in these electronic 
components and systems has increased. 
Ansoft Corporation offers leading-edge 
technology based on electromagnetic 
principles to meet these high-perfor
mance needs. Traditional EDA tools that 
are not based on electromagnetic princi
ples and therefore only approximate elec
tromagnetic interaction, cannot model 
such systems with requisite degree of accu
racy for the design of today's products. 

Performance, measured principally by 
the clock speeds of high-speed circuits, 
has increased dramatically in the past 
decade. Frequencies today are in the 100-
500 MHz range, and leading-edge rise 
times are typically several hundred pico
seconds. High-performance systems with 
frequencies of approximately 100 MHz 
and beyond exhibit a high level of elec
tromagnetic interaction causing the 
degradation of the quality of electrical 
signals. In addition, the electromagnetic 

8H 

, \1I,oj7 CmFom/ioll 
filllr Sfatiol/ Square 
Sf, '. (i(,() 

Pittsll/l1~h. 1'0' \ 15211J- lllfJ 
/i-': -IIY~61-nO() 

/-'(1\: ./l ! .-/ 71-9 J 27 
," ma if: 1'11/ i IIjll@al1.'oj1.com 
:1';1':1': Wa';I'.0I1 \ (!/7.nl111 

radiation emitted by electronic products 
is regulated by the Federal Com
munications Commi sion as well as equiv
alent bodies in Europe and Japan. 
Commercialization of these products is 
contingem upon meeting governmem
specified electromagnetic compatibility 
requirements. 

The commercialization of electronic 
products from portable computers to 
handheld digital phones depends upon 
reduced size. In the semiconductor 
industry, the demands for miniaturiza
tion have led to the creation of deep-

submicron 
integrated 
circuits that 
are smaller 
and perform at increased speeds. In the 
automotive and aerospace industries, the 
ability to miniaturize components has led 
to a variety of economic and safety bene
fits through the creation of products such 
as electronic fuel injectors, micro-motors, 
and variably deployed airbags. 

Yield is the measure of the manufac
turability, reliability, and cost-effective
ness of a design. A high yield implies 
that the component or system can be 
produced in large volumes and that a 
high percentage of manufactured units 
will perform within the design specifica
tions. As levels of electromagnetic inter
action increase, the need to accurately 
estimate the variation on electrical per· 
formance correlated to manufacturing 
tolerances is crucial. 

Amoft Products 
Ansoft's software tools, available world

wide, address the limitations of tradition
al EDA software by providing design engi
neers with easy-to-use tools to model 
accurately electromagnetic interaction . 
Ansoft's solutions decrease the time 
required to complete the design process 
by providing accurate estimates of the 
critical design characteristics as perfor. 

mance, miniaturization, and yield during 
the design process. 

Ansoft's solutions are offered for the 
three dominant segments of the EDA 
market: High Frequency, Signal Integrity, 
and Electromechanical. 

• High Frequency: Enables the 
design of radio frequency integrat· 
ed circuits, antenna and radar sys
tems, and microwave components 
by accurately solving the effects of 
electromagnetic radiation from 
electronic systems. Products 
include Ansoft HFSS, Strata, 
Serenade, and Clementine. 

• Signal Integrity: Target to the design of 
computer imerconnects, IC packaging 
structures, and electronic systems by 
accurately capturing the degradation in 
signal quality due to higher clock speeds 
and smaller physical dimensions. 
Products include Eminence, Spicelink, 
and Extractor. 

• Electromechanical: Analyzes the electri
cal performance of product designs to 
increase yields and applied in the 
design of sensors, solenoids, motors, 
and transformers. Analysis capabilities 
include electromagnetic, system and 
coupled electromagnetic thermal! 
structural. Products include EMSS, 
Maxwell 3D, Maxwell 2D, and EMAS. 
Are traditional EDA tools obsolete? 

ot a chance! They provide the big pic
ture of the component within its intend
ed system. However, the need to incorpo
rate electromagnetic interaction within 
this big picture analysis is apparent. 
Ansoft's products seemlessly integrate to 
system simulation tools such as SPICE, 
allowing the system design to incorporate 
the electromagnetic effects. 
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DesignWor s 
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Motion, Structure & Thermal Analysis 
Embedded in SolidWorks 

CADSI is a recognized leader in devel
oping software for the simulation and 

analysis of mechanical assemblies and 
components. Our suite of Simulation 
Driven Design~ software is used to realisti
cally simulate the dynamic motion of 3D 
mechanical systerflS, improve the structur
al and thermal integrity of 
pans, and reduce the time 
and cost associated with 
physical prototyping. To 
successfully implement 
Simulation Driven Design~, 

our simulation software 
must be embedded in the 
CAD environment. it needs 
to be easy to use, and the 
results must be accurate 
and fast. 

An additional benefit of design simula
tion in SolidWorks is the identification of 
critical design parameters early in the 
development process. VISual review of 
design performance through graphs, ani
mation, and color contours in Solid
Works, assures design engineers that the 

be built and tested . ABA's johnson 
Space Center reponed eliminating at 
least 10 physical test cycles in the weight 
reduction of seats for the Space Shuttle. 
Ebonite International saved a full year of 
physical tests on the production of a new 
bowling ball by using dynamic motion 
simulation embedded with the CAD sys
tem. In a world where time is money, 
manufacturers are beginning to reap the 
financial benefits of computer-based 
design simulation. 

CADSI is the only SolidWorks Gold 
Partner that develops and markets 
motion, structure, and thermal analysis 
embedded in SolidWorks. The benefits of 
DesignWorks can be implemented today, 
quickly and cost-effectively. Simulation 

Our strategy for Simu
lation Driven Design is to 
deliver highly-capable simu
lation technology to the 
design engineer. To achieve 
this, we are embedding our 

DesignWorks/Motion embedded in 
SolidWorks automat ically calculates reaction 

loads, positions, velocit ies, and 
accelerations. 

proven mechanical simulation technology 
in CAD prograrrlS such as SolidWorks 
(Concord, MA). Our newest, most-afford
able, and easiest-to-use suite of simulation 
soitwa(e, DesignWorks, is fully embedded 
in SolidWorks. Robert McGill, SolidWorks 
Solution Panner Manager, states, 
"CADSl's 'single window' application in 
SolidWorks benefits design engineers by 
enabling them to perform motion, struc
ture, and thennal analysis directly on their 
SolidWorks model. There is no need for 

product will meet the 
physical demands of the 
real world. During the 
design and optimization 
of a tractor chassis, Brent 
Backhaus, a design engi
neer, commented, "Design
Works is one of the fastest, 
most robust, and most 
efficien t design simula
tion packages I have ever 
used." Reliable simulation 

DesignWorksfStructure automatically uses the loads predicted 
In DeslgnWorksfMotion to perform stress, displacement, and 
natural frequency studies directly on the SolidWorks part. 

the designer to transfer the data to anoth- results inside of SolidWorks allow the Driven Design delivers improved product 
quality, reduced engineering costs, and 
faster time to market. Discover Design
Works and the reality of Simulation 
Driven Design---<ontact CADSI today. 

er program or to learn another user inter
nee." By completely embedding Design
Works simulation in SolidWorks, it elimi
nates errors in data translation and repeti
tive modeling, thereby speeding the 
design and analysis process. 

C.ADS] 
26;/ Cro.'\pnrk Rond 
Comh'ille. L\ 52241 
Td: )]9-626-6700 
Fa.\: 319-626-3-188 
c-mnil: markctillg@cad.,i.com 
U'U'1L.'.cadsi.colII 
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designer to intelligently make change , 
then quickly rerun the analysis to validate 
the design improvement. 

CADSI's customers have documented 
that accurate design analysis reduces the 
number of physical prototypes that must 

OISCOVEI tHE REAllT' OF 

SIMULATION DRIVEN DESIGN'" 

°11:'·5;.1. 
Circle No. 655 
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Finite Element Analysis Using Scalable Parallel 
Processing on UNIX and NT 

M ARC Anal is Research Corporation 
has released its advanced nonlinear 

analysis system, MARC K6.3, on a variety 
of UNIX and NT parallel proce ing plat
fonns. This include MPP platforms from 
companies such as Digital, GI, un , IBM, 
HP, and Compaq. 

The need for accurate simulations of 
products and manufacturing proce e has 
increased both the size and the complexi
ty of nonlinear finite element simulations 
necessary for companies to remain com
petitive in the global marketplace. New 
algorithms uti lizing parallel processing 
have been developed which make possible 

Nonlinear analysis showing the comparison of a 
computer simulation with a full-scale test helps 

linear scalability of lIch simulations acro 
multiple CPU . For example, on the un 
platfonn, this algOlithm has shown scala
bility of 9.4 using 8 CPU . 

The implications for designers and 
structural engineers are dramatic. In one 
typical benchmark, a customer per
formed an analysis of a manufacturing 
simulation on an HP-735 and then per
formed the same analysi on an 8-CP 
Digital parallel proce sing system. The 
analysis time went from 16 hours down to 
16 minutes for the arne results. This dra
matically changes the role that analysis 
can play in opti-

engineers to understand product performance in real
world environments. In this image. the deformation of a 
car seat when subjected to a large load as in a car crash is 
simulated using MARC. Model courtesy of Keiper GmbH. & Company. 
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MARC Alla~\'sis Research 
Corporatiol/ 

260 Sherida1/ Avenue 
Suite 309 
Palo Alto. CA 9-/306 
Tel: 800-548--1665 or 
415-329-6818 

WWW.1IIUIT.e01ll 

mization and verification of a design. 
MARC lead the way in this field and is 

the on ly major finite elemem } tem 
which hows this kind of scalability. 
According to LotLis M. Crain, Pre idem 
and CEO of MARC, "This kind of dra
matic scalability is no accident. It is the 
resulL of a four-year project to reinvem 
our methods and algorithms for the par
allel processing revolution that is now 
upon us ." 

The latest parallel platfonn to be up
ported by MARC K6.3 is the four-CPU 

Compaq computer using Intel 
Pentium Pro 200 MHz proces
ors running under Windows 

NT 4.0. Although the re ults are 
preliminary, scalability is typical

ly near and sometimes above 4.0 
on four CPUs. 

In the future, MARC is commit
ted to continuing its leadership in this 

field through a project called "load bal-
ancing." Using this approach , the 

amount of work assigned to each CPU will 
be dynamically adjusted during the analy
sis to compensate for differences in per
fonnance, load, and analysis conditions, 
uch as contact and adaptivity. With this 

approach, MARC expects to be able to 
scale performance to large numbers of 
CPUs, even on a network of non-homoge
neous computers. MARC is working now 
,,~th hardware vendors to test these algo
rithms on up to 128 CP MPP systems, 
networks of workstations, and NT clusters. 

For more information on the latest par
allel proce ing benchmark results, visit 
the MARC web ite at www.marc.com. 
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Charles J. Digate. Chairman. President & CEO 

MathSoft is the leading provider of the 
broadest line of quantitative and analyti
cal software for business and academia. 
Founded in 1984. it has more than one 
million users of its Mathcad·, Study
Worksl , S-PLUS· , StatServer'" and Axum· 
software worldwide. Users include techni
cal professionals worldwide at more than 
90% of the Fortune 1000 companies and 
over 500 government in tallations, and 
student and faculty at over 2,000 colleges 
and universities. 

MathSoft distributes its products 
through third-party resellers, including 
retail and software stores, catalogs, col
lege bookstores. value-added resellers, 
and publishers. All MathSoft products are 
available by contacting MathSoft directly. 

Additionally, MathSoft has an on-line 
math, science and engineering web store. 
The MathSoft WebStore (http://www. 
mathsofLcom/ webstore/ ). Here you can 
find detailed information on Math Soft's 
products using an on-line catalog. 
Consumers are able to download the soft
ware directly or test the products before 
purchasing. 

MathSoft is publicly traded on the 
ASDAQ Small Cap System under the 

symbol MATH. 

MllIIzSoJt. JI/(:. 
IOJ Main Sireel 
Cambrid£:e, MA 02].12-/521 
Te/: 6J7-57i-1017 
Fa\; 617-577-8829 
www.lI1alhs0Jt.col/I 
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MathSoft 
+ = 

Products and Applications 
• Technical Professional Suite 7 

x 

The Technical Professional Suite is a 
compilation of integrated. intelligent, 
market-leading tools to service all of the 
needs of today's technical professional at 
cwo-thirds the price if sold separately. The 
Suite consists of Mathcad 7 Professional, 
Axum 5. Mathcad 7 Treasury, et-It Now! 
Starter Edition, and Microsoft Internet 
Explorer. It is designed to assist engineers, 
scientists, statisticians and other technical 
professionals to create and manage tech
nical documents from start to finish . 

The Technical Professional Suite is 
available for single users and workgroups 
(5-seat, 10-seat) as well as through 
MathSoft's Open licensing plan, which 
allows for variable quantity licensing of 
any combination of MathSoft products at 
and above 25 seats. Single-user licenses 
are available for $599.95. 

System requirements include Windows 
95, Windows NT 3.51 or higher, recom
mended hardware of 486/ 66 (co-proces
sor strongly recommended) with 24 MB 
RAM for concurrent use of bundled 
applications, or 16 MB RAM for individ
ual use; a CD-ROM drive; uper VGA or 
higher graphics card and monitor; and 
mouse or other compatible pointing 
device. Users may install sub ets of tlle 
suile on their hard drive; full installation 
requires at least 35 MB hard disk space 
(a maximum of 132 MB hard disk space 
for installation of all content). 

• Mathcad 7 
MathSoft's flagship product, ?1athcad, 

is the mo t widely used technical calcula
tion software worldwide with more than 
one million users. 

Mathcad 7 Professional is an integrated 
environment for performing, document
ing, and communicating technical calcu
lations. It enables users to enter, edit and 

I + 

solve equations, to visualize the results 
with sophisticated graphs, and to docu
ment and communicate their analysis. 

Mathcad 7 Professional takes full advan
tage of OLE 2 to work witl1 otber applica
tions, supporting drag and drop and in
place activation as both diem and server. A 
built-in version of Microsoft Internet 
Explorer powers a unique content window 
tl1at provides access to Mathcad and 
HI'Ml.rbased resources anywhere on the 
Internet. A new visual language called 
MathConnex manages data flow between 
Mathcad and other numerical applications. 
Mathcad 7 is available in Professional, 
Standard and Student editions for Wm

dows 95 and NT 3.51 or higher. 

........... -", ..... 

-..,.,.......--.... ~ 
C ••• ~ .. .. "-

- Axum 5 
Award-winning Axum is a powerful 

and flexible technical charting and data 
visualization package. There are over 
10,000 registered users ofAxum world
wide. Axum 5 is available for Windows 95, 
NT, and Windows 3.lx. Axum combines 
the ease of use of the best-selling PC busi
ness graphics package with powerful fea
tures such as 31 2D and 3D technical plot 
types, 3D contour plotting, linear and 
nonlinear curve-fitting, and new multi
panel plots to help reveal data patterns 
you can't see using traditional tech
niques. Fully interactive, elements from 
Axum 5 can be embedded in Mathcad 
worksheets, providing users with an inte
grated backdrop for the creation of pub
lication-quality projects . 

• Mathcad 7 Treasury 
The Mathcad 7 Treasury's interactive, 

intuitive explanations and background 
information on the algorithms used in 
Mathcad make it the perfect add-{)n vehi
cle for for users of all levels to learn about 

MathCad. 
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SOlidWorks Corporation offers Solid
Works 97Plus, the fourth release of 

the company's award-winning Wmdows
native 3D mechanical design software. 
SolidWorks 97Plus solid modeling soft
ware feature over 160 customer-driven 
enhancements including performance 
optimization for large assemblies, en
hanced sweeping and lofting, interactive 
customizable exploded views, improve
ments in detailing, and expanded 
Internet capabilities. 

SolidWorks is the first Windows-native 
3D mechanical design software devel
oped for mainstream engineers. Today, 
SolidWorks is the fastest-growing compa
ny in the history of the CAD/ CAM 
industry and the software has received 
13 indu try awards. With this latest 
release of its software, SolidWorks con
tinues its commitment to customers, 
partners, and resellers in bringing pro
duction solid modeling to the main
stream engineer. 

Assemblies" Performance 
SolidWorks 97Plus performance im

provements include optimization for 
large assemblies. Configuration support 
has been extended to include enhanced 
sub-assembly interaction . With Solid
Works 97Plus software, multiple configu
rations can be defined beyond the assem
bly level down to multiple configurations 
for sub-assemblies. SolidWorks 97Plus 
also incorporates: 
• Customized exploded views, allowing 

users to better communicate the assem
bly nature of a design 

• A Weld Wizard - easy-to-use, step-by-step 
guide to mating multiple parts 

• Support for multi-user environments 
including part locking 

Part Modeling 
SolidWorks continues to add even 

more powerful part modeling improve
ments including enhanced sweeping and 
lofting using guide curves, enabling users 
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to create free-form highly tylized parts. 
Additional part modeling enhancements 
include: 

• The ability to add 3D annotations to 
parts and assemblies for improved com
munication 

• The selection of ilhouette edges to ref
erence geometry 

• Automatic creation of bend reliefs for 
sheet metal de ign 

• The ability to create a rounded face 
using the "dome" function 

• A Feature Toolbar to facilitate user 
interaction in creating features quickly 
and easily 

• Shrinkage control for mold makers 
• Face filleting 
• Patterning of patterns and mirror of 

pattern 

Dr wings 
With more than 65 enhancements in 

detailing capabilities, users now have 
additional control over drawings. Key fea
tures include: 

• The FeatureManager design tree now 
available in drawings 

• A new detailing toolbar for easy access 
to commonly used features 

• Import of 3D annotations from the 
model or assembly 

• The ability to create hyperlinks to notes, 
other files, or Internet-related materials 

• Selection of multiple shapes for bal
loons 

• Creation of rotated text 
• Multi-sheet support; cut and paste views 

between sheets 

Ease-of-Use Enhancements 
With each release of its mechanical 

design system, SolidWorks continues to 
improve its ease of use, In SolidWorks 
97Plus, the user interface has been fur-

ther implified to include enhancements 
to the FeatureManager design tree; a 
modeling and detailing toolbar; and a 
rollback bar that allows users to investi
gate the de ign equence by dragging the 
bar tep by step. Enhanced viewer diag
nostics, such as the "what's wrong" option 
in the FeatureManager, allow users to bet
ter understand and evaluate design 
intent. SolidWorks 97Plus also features a 
concurrent usage option that allows mul
tiple users to work on an assembly at the 
same time. 

Internet Support 
Designed with the Internet in mind, 

SolidWorks 97Plus software makes it easy 
for users to share designs, in native 
SolidWorks format, within and across 
engineering organizations. With Solid 
Works 97Plus, users can add hyperlinks 
directly to parts, drawings or assemblies, 
allowing users to link automatically to the 
Internet or externally referenced files to 
view design-related information. Solid 
Works has also introduced a free Internet 
plug-in product, the Solid Works 97Plus 
Viewer, concurrent witb the release of 
SolidWorks 97Plus, to allow non
SolidWorks users to review native design 
data. By using native data, users can be 
sure they are reviewing the most current 
version of the design without having to 
worry about intermediate file transfer 
formats. 

About SolidWorks 
SolidWorks Corporation, a corpora

tion of Dassault Systemes SA. (Nasdaq: 
DASTY), develops and markets mechani
cal design software products for 
Windows. SolidWorks was founded in 
1993 with the mission to bring produc
tion solid modeling to the desktop of 
every engineer. SolidWorks has offices 
worldwide and distributes its products 
through a network of 160 resellers in 43 
countries. For more information and a 
product demonstration, contact your 
local SolidWorks distributor or reseller 
today. Look for new information available 
on the SolidWorks Web site (http://www. 
solidworks.com) . 

SolidWorb is a registered trademark of SolidWorb 
Corporation~ Other brand O J'" product names are trade
fllMb or registered trademMb of the respective bolders. 
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What is Mathematica? 
Mathematica is the world' only fully 

integrated technical computing tern, 
combining interactive calculation (both 
numeric and symbolic). visualization 
tools, and a complete programming envi
ronment. 

Mathematica contains the world's 
largest collection of built-in special func
tions, designed to work both symbolically 
and numerically. Its unique automatic 
arbitrary-precision control tracks numeri
cal uncertainty within calculation and 
adjusts numeric precision as needed. 
Standard abilities include Fourier and 
Laplace transforms, a powerful collection 
of matrix and tensor operations, opti
mization, root finding, and advanced 
curve fitting. Symbolic algebra capabili
ties allow you to perform integration, dif
ferentiation, and power series expansion, 
polynomial factorization and manipula
tion, equation solving, and closed-form 
solution of ODEs and many PDEs. 

'Vith Mathematica you can produce 
2D, conwur, density, and 3D graphics, 
animations, and even sounds. 

Mathematica notebooks are platform 
independem, combining into a single 
electronic documem format typeset math
ematical expressions, formatted text, 
hypenex.t, and graphics, and cusLOmiz
able buttons and palettes. Typeset expres
sions in Mathematica notebooks are not 
frozen; they remain "live" and can be eval
uated or used as input to a function. 

An extensive help browser lets users 
find what they need qUickly. The Help 
Browser includes the complete text of the 
late t edition of The Mathematica Book, 

tephen Wolfram's definitive reference to 
the Mathematica 51 tern. 

Mathematica is available for Window .. 95, MacO, UNIX, 

Wolji"{(/Il RC!i('ard,. / I/c. 
IOU hade Cel/fer D,il'£, 
ClWIII/wigll. II. 61820·7237 
7i-/: 800-WOLFRAM 

(965-3726) or 21 7-398-0700 
Fa.\: 217-398-0747 
c-I//ail: ill!O@wlJlji'(lIll,fllIIl 
II If p:/ I Wtl'tI}. wolJra 11/. co IIlI 
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WOLFRAM 
RES EA RC H 
An Extraordinarily Powerful, 
Unified Environment for 
Technical Computing 

W hen on the hum for a solution, 
which is the better approach w 

technical computing: numeric or symbol
ic? The answer, of course, depends entire
lyon the purpose of the calculation. 
A numeric calculation can pro
vide valuable quantitative 
information, while a sym
bolic calculation can 
offer deeper insight inw 
the meaning of the solu
tion. The ideal techni
cal computing environ
ment, then, would allow 
the user to move quickly 
from one kind of calcula
tion to the other, or even com
bine the two when necessary. 

Mathematica- provides just such an 
integrated environment, but offers even 
more: powerful visualization tools; a flexi
ble, intuitive programming language; and 
a complete technical publishing environ
ment. The Mathematica user can create 
and optimize a model in symbolic form, 
and then use it to calculate numeric 
results of arbitrary precision. The Cassini 
mission, for example, has benefited from 
Mathematica, which was used for both 
simulation programs and probabilities 
calculations necessary for risk as es ment 

Mathemauca can manipulate expres
sions, scalars, vectors, matrices, and ten
sors of arbitrary dimen ion; and it oper
ates in a consistent way, whether you are 
working with numeric data, symbolic 
expressions, or even a mixture of the two. 
The extraordinary set of built-in mathe
matical functions ranges from the ele
mentary transcendentals to such special
ized functions as tho e related to the 
Mathieu equation, the Legendre equa
tion , and the hypergeometncs. 

Mathemauca's power to integrate both 
symbolically and numerically is simply 
unbeatable. Mathematica takes calcula
tions that previously were prohibitively dif
ficult, and makes them not only feasible 
but easy. DSolve and NDSolve can quickly 

I 
solve a huge variety of differential equa
tions, either symbolically or numerically to 
arbitrary precision. DSolve can solve all 

linear ODEs of any order with constant 
coefficients, and many linear equations 
with nonconstant coefficients, as well as a 
large fraction of the nonlinear ODEs. 

NDSolve can olve any ODE, stiff or 
nonstiff'; specifying initial and 

boundary conditions is 
easy. DSolve can provide 

general solutions for 
linear and weakly non
linear PDEs; NDSolve 
can do the same for 
linear and weakly non

linear PDEs of the form 

Track 
of Asteroid 

3753 as it moves 
through the sky of the 
southern hemisphere. 

1 +1 dimension. 
Mathematica's 

programming 
language gives 
users the best of 
all paradigms, 

whether they are accustomed to proce
dural programming, functional program
ming, or list-based programming. Users 
can define function to perform symbolic 
operations, numerical computation, 2D 
or 3D graphing, or to communicate with 
other processes or computers via the 
MathUnk- protocol. 

Wolfram Research's Mathematica 
Applications Ubrary offers add-<>n pack
ages extending Mathematica's capabili
ties. Each contains a coordinated suite of 
functions and data types designed to pro
vide tools valuable to a particular field. 
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Waterloo Maple Inc. 

Beyond Numerical Solvers: 
Application of Symbolic Mathematical 
Software in Modeling and Simulation 

Traditionally, the role of computers in 
modeling and simulation has been 

that of solver . Sophisticated numerical 
algorithms have been developed to solve 
models consisting of a wide range of 
mathematical constructs. Any numerical 
approach, however, has three fundamen
tal disadvan tages: 
• All parameters must be known for olu

tion, resulting in guess-work and exces
sive simulation runs to identify optimal 
parameter values. 

• They have inherent errors due to the 
substitution of exact model information 
with approximations. 

• They address only the solution phase. 

14H 

Modeling is a more complex task and 
often the most time is spent on the for
mulation of models and interrogation 
of results . 

Wa/erloo Jlaple /IIC. 
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MapJe V, an inte
grated symbolic math
ematical proce sing 
system, addresses the 
shortcoming of con
ventional software by 
providing computing 
SUppOI·t for all phases 
of modeling and im
ulation. 

Define system and c.ompute ' . 'I'~:::"'_ 

Model Formula
tion: Maple V's sym
bolic manipulation 
replaces the error
prone manual devel
opment of models . 

~L_Sys_ .. m_...J 

Its functions in calculus, algebra, tensors, 
statistics, and others allow users to auto
mate many formulation methods. De
rivation of equations of motion through 

Lagrangian formulation, or control sys
tem transfer functions, are examples 
where Maple can save days over conven
tional work. In addition, optimized FOR
TRAN and C code generation offer the 
easiest way to link modern symbolic mod
eling techniques to legacy code and 
solvers. 

Model Solution: Maple V can compute 
exact, closed-form solutions that main
tain symbolic forms of parameters. You 

also can apply emi-numerical algorithms 
that are approximations of solutions but 
maintain the parameters in variable form. 
Examples include perturbation tech
niques and Galerkin method for partial 
differential equations. 

Model Optimization: The mathemati
cal facilities offers facilities to compute 
necessary components of formal opti
mization (e.g., computation of symbolic 
]acobians). Maple V's unique interface 
for interactive problem- olving and math
ematical visualization provides a conven
ient environment to fully analyze model 
solutions. 

Application Development: A true pro
gramming language streamlined for 
mathematical applications supports the 
above facilities. Advanced mathematical 
applications can be programmed in a 
fraction of the time that it would take 
,,~th other languages. You can quickly 
develop an array of customized tools that 
can effectively deal with difficult model 
constructs such as non-linearities or sto
chastic elements. Con equently, Maple V 
provides an extremely cost-effective alter
native to expensive simulation and design 
sofovare. 

For more complete discussion on the 
application of Maple V in advanced tech
nical modeling, contact Waterloo Maple 
Inc. and request a copy of" urpassing the 
Limits of Technical Computation." 
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Automated Curve Fitting 
Solves Design Issues 

Every re earcher looks for the clearest 
pathway to more compelling and accu
rate results. When facing challenges such 
as calibrating sensors, estimating thermal 
or tre s re ponses, optimizing de ign 
parameters and refining system perfor
mance, engineers often employ curve fit
ting to find the best mathematical model 
for their data. 

Finding the right model for two
dimensional and threcxlimensional em
pirical data is among the more difficult 
tasks faced by scientists and engineers in 
their work due to the element of the un
known. While the output or dependent 
variable is clearly related to one or two 
independent variables, the relationship is 
not known in advance of the analysis. 
This often entails a time<onsuming trial 
and error process and a strong statistical 
background. 

Automation Takes the Trial &. 
Error Out of Curve Fitting 

Now, engineers have access to sofuvare 
that completely automates the curve fit
ting process. The design philosophy of 
TableCurve 2D curve fitting software, 
and TableCurve 3D surface fitting soft
ware, both from SPSS Inc., suggests that 
curve and surface fitting are no longer 
complicated and tedious processes. The 
software automatically fits thousands of 
equations in a single step, ranking them 
in the order of best fit. The visual selec
tion paradigms allow users to view each 
choice and avoid the traditional one
model-at-a-time approach. Using this 
method, the focus of the analysis is on 
which model is most appropriate to the 
task. Users ave time by avoiding an 
extensive search for a olution. 

TableCurve 2D fits more than 3,600 
built-in linear and non-linear equations 
in a ingle automated tep that requires 
no user input. sing TableCurve's exten
sive library of linear equations, engineers 

SPSS Illc. 
444 North ,\1ichigolllh'ellll£' 
Chicago, IL 60611 
Tel: 800-841-00570" 
312-329-2-100 

Fa."\: 312-329-3668 
http://wurw.sjJss.com 
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can find an approximating function for 
virtually any empirical data set. For para
metric modeling, the collection of non
linear equations includes 74 different 
peak equations, 29 tran ition functions 
and 58 kinetic models. The product also 
includes the key waveform models and 
Fourier procedures that can be used to 

i olate overlapping waveforms. 
As challenging as the task of automat

ed curve fitting is, the degree of difficulty 

This drug reaction data was surface-fit with 
the optima. equation in less than two minutes 
by a novice TableCurve 30 user. 

increases dramatically when fitting 3D 
surfaces. TableCurve 3D 3.0 employs 
analogous methods to TableCurve 2D for 
discovering viable 3D models for empiri
cal data. Including a built-in function set 
of more than 450 mi ll ion equations, 
TableCurve 3D uses an innovative selec
tive subset procedure to fit more than 
37,000 of the most likely equations from 
this greater set. 

Both products offer state of the art 
smoothing and non-parametric e tima
tion procedures. When a model is not 
included in the built-in set, the 
TableCun'e products each offer versatile 
user functions that are simple to set up 
and which are automatically compiled 
for exceptionalJy fast fitting. 

Applications of Technology 
PACT95, the coalition that de igned 

the faste l American yacht in the 1995 
America's Cup race, Young America, 
chose TableCurve 2D to help optimize 

their design because it is the only pro
gram that searches through thousands of 
equations to describe difficult-to-model 
empirical data in econds. Taking data 
samples from numerous sources, includ
ing wind tunnel tests, tank testing, and 
data from many other types of experi
ments, the software was able to convert 
vast amounts of empirical data into sim
plified curve fits. These algorithms were 
then input into a velocity prediction pro

gram that balances the equa
tions of motion while looking 
for the fastest boat. 

In electrical engineering, 
calibration curves and surfaces 
are obvious examples of curve 
fitting and surface fitting. If a 
linear response was present, the 
curve would be a straight line 
or the surface would be a sim
ple p lane. Non-idealities in 
sensing apparatus and electron
ics often assure some deviation 
from these simple models. 
Clearly, the models need to be 
more complex to deal with the 
nonlinearity of the device. SPSS 

Residual graphs can be shown as either a 
separate window or Included, as in this case, 
on the same Y axis as the main graph. 

Science offers a comprehen ive array of 
award-winning oftware specifically 
designed for cientific and engineering 
re earch. Users can develop more mean
ingful conclusions and present clear, 
compelling results with PSS' tatis tical , 
graphing and curve fitting packages. 
SPS Science products include 
SigmaPlot, a program that creates tech
nical graphs for research results, and 
SYSTAT, integrated desktop tatistics and 
graphics software. 
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Analytical Graphics, Inc. (AGI) is the 
producer of Satellite Tool Kit 

(STK) , the leading cornrnercial-off-the
shelf (COTS) analysis software tools for 
the aerospace industry. The STK oft
ware suite is a complete line of produc
tivity tools that support end-to-end satel
lite mission processes. Spanning govern
ment agencies, academic institution 
and commercial industries, STK users 
span all major organizations involved in 
aerospace. 

AGI was found
ed in 1989 by 
three aerospace 

STK 4.0's basic functions-propagation 
of vehicles, determination of acce areas 
and times, and computation of sen or 
pointing angles-are critical to all mis-
ion types. In addition to the conven

ience of cro s-platform compatibility, 
STK offers a cost-effective olution. 
Because it can be re-used for multiple 
missions, STK breaks the costly cycle of 
software redevelopment. 

STK's screens quickly transform raw 
data into intuitive results. Vivid graphics 

... 
engineers who set 
out to create a 
comprehensive 
sui te of software 
that would revolu-

Satelll.o · So'01ll.03 · 24 Sop 199715:28:14 

tionize satellite sys
tems analysis by 
increasing produc
tivity and cost
effectiveness while 
reducing risk and 
redundancy. Eight 
years later, AGI 
remains dedicated 
to serving the 
global aerospace industry. 

, Jan 1997 00:00:00.00 

Today, AGI has over 115 employees 
throughout seven offices in the U.S. and 
abroad, supplemented by a network of 
business partners and international 
resellers. AGI's ingenuity has received 
attention from publications such as Inc. 
magazine, which recently included AGI 
in its annual Inc. 500 listing. 

Satellite Tool Kit (STK) is the core 
module in a suite of interactive software 
products designed for complete satellite 
mission planning and analysis. STK 4.0, 
the latest full-powered release, can be 
downloaded free of charge via the AGI 
web site. 

STK provides a flexible tool for all mis

sion phases, from policy development 
and design, to launch and operations. 
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325 Technology Driz'e 
Ma/z'erJI, PA 19355-1317 
Tel: 800-220--IST]( or 
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and numerical tables allow users to quick
ly understand the complex relationships 
involving space- and ground-based 
objects. 

STK Professional 
For industry experts with the most 

complex needs, AGI offers STK Pro
fessional (STK Pro). The most advanced 
tool set of its kind, STKPro comprises the 
sophisticated features most desired by 
those who use STK every day. The e fea-

tures, ranging from expanded coordinate 
system inputs and spacecraft attitudes to 
three-dimensional terrain elevation data 
and long-term propagator , allow the 
mo t demanding users to address a wide 
range of pecialized problems. 

STK Pro con i ts of ix seamlessly inte
grated modules, including five complete
ly new offerings. The e modules include: 

• Advanced Analysis Module~ 
• High Precision Orbit Propagator 
(HPOP)~ 

• Long-term Orbit Predictor™ 
• Lifetime~ 

• Terrain
m 

• High Resolution Maps~ 

The STK Software Suite 
The STK name encompasses a suite of 

products that supports the specialized 
needs of a diverse customer base. AGI 
offers add-on modules and third-party 
products that extend STK's core func
tionality to addre s in-depth questions 
ranging from communication systems 
and network relationships to proximity 
concerns and coverage questions. 
Current offerings include: 

• Programmer's 
Library 
(STK/PL)~ 

• Visualization 
Option 
(STK/VO)~ 

• Chains~ 
• Connect~ 

• Coverage 
Module~ 

• Comm~ 

• Close Approach 
Tool (CAT)~ 

• Distributed 
Interactive 
Simulation (DIS) 

• STK/VO Earth 
Imagery 

• STK Geographic Information System 
(STK/GIS) 

• PODS (Precision Orbit Determination 
System) ~ 

• Missile Flight Tool (MFT) ~ from SAlC 
• Generic Resource Event Activity 

Scheduler (GREAS) from Pacific-Sierra 
Research 
avigator~ from esc 

Circle No. 692 

NASA Tech Briefs Hot Technology File 



David Stern, President 

Research Systems is dedicated to creat
ing the best analysis, visualization and 
application development tools to help sci
entists and engineers minimize program
ming and gain deeper insight into their 
data. The company has grown steadily to 
more than 90 employees, witll an emphasis 
on building a team who e expertise com
plements me work of its users. The original 
development group is intact and President 
David Stem maintains a significant role in 
producing and refining product code and 
direction. By hiring seasoned professionals 
for key management positions, Stem has 
enabled Research Systems to sustain strong 
revenue growm, maintain profitability and 
expand worldwi.de operations. 

Research Systems' product line in
cludes: IDL-, a complete, integrated soft
ware environmen t for data analysis, visual
ization and application development; 
ENVI-, an image processing application 
written in IDL, allowing access and analysis 
of remotely sensed data; and Research 
Systems' Visible Human CD~ Collection, 
the first complete, digital photographic ref
erence set for exploring male and female 
human anatomy, containing more than 
20,000 images of tlle human body. 

Long-term success requires superior 
suppon after me sale. Research Systems' 
Professional Services Group and 
Technical Suppon staff offer everything 
from "hands-on" training course and on-
ite consulting to prompt. helpful 

answers .,ia telephone and email. To fur
ther personalize its service, Research 
System has partners mroughout the 
world. Distributors in Soum America, 
Asia, Europe and me Pacific Rim provide 
an active link between Research Systems 
and customers outside me United States. 

Research Systems 
2995 Wilderlless Place 
BOlildel; CO 80301 
Tel: 303-786-9900 
Fa.\: 303-786-9909 
e-mail: illfo@rsiIlC.COI1l 
wu.rw.rsillc.com 
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Research Systems 

Products and Applications 
IDL, the Interactive Data Language, is 

the ideal software for data analysis, visual
ization, and application development. 
IDL' features include: advanced image 
processing, interactive 
20 and 3D graphics, 
i ruigh tful volume visual
ization, a high-level pro
gramming language, 
integrated mathematics 
and statistics, flexible 
data I/O, a cross-plat
form GUI toolkit, and 
ver atile program link
ing tools. IDL is a pow
erful, co t-effective soft
ware package that has all 
the tools you need for 
any type of project -
from "quick-look" inter
active analysis and dis
play, to large-scale com-

mercial programming projects. The latest 
version of IDL. IDL 5.0, includes object
oriented programming, OpenGL acceler
ated graphics. an easy to use GUI visual
ization environment, Linking to ODBC
compliant databases and the JDL 
Development Environment, the ideal 
place to write, run and modify IDL pro
grams. 

Available early in 1998, 10 ,IDL On 
the et, will allow users to Lake advan tage 
of me late t Internet andJa\'a capabilities 
to integrate efficient data anal) is and 
,isualization into web-client applications. 
10 software is ideal for sharing data, 
analyses and graphics mat need to be 
acces ed by a wide \'llriety of u ers, 
whether they are next door or on the 
other side of the world. And, all you need 
to connect with 10 is a web browser. 

ENVI, the Environment for VISualizing 

Images, me most interactive, powerful 
and easy-to-use remote sensing image 
processing package available. Wim ENVI, 
you can examine even me mo t complex 
image . You can import spectral libraries 

and perform sub-pixel analysis to discov
information with ENVI's 

advanced set of hyperspecLral tools. 
Improve identification with ENVI's inte
grated radar Lools by selecting polariza
tions, analyzing cattering patterns and 
extracting textural infornlation. Due to 
ENVI' powerful underlying language, 
IDL, you can aI 0 customize all or pan of 
E II to suit your individual needs. The 
latest version of ENVI includes an 
enhanced suite of GI tools including 
"heads-up" vector digitizing, vector 
attribute editing and querying, ortll0rec
tification of airphotos and some satellite 
data and the ability to build new data lay
ers or edit vector layers imported from 
other sources. 

Research S terns' VISible Human CD 
Collection is me first complete, digital 
photographic reference for exploring 
human anatomy, equipping medical 
researchers, practitioners and educators 
wim a simple, yet powerful tool for edu
cation and exploration. fore man 20,000 
image slices from a human male and 
female are compressed for convenient 
access onto two CD-ROMs. Version 2.0 of 
the Vi ible Human Male CD includes 
more than 70.000 labels describing three 
major }'Slerns of me body. 
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Flat Panel Display! 
Computer Mounting 
Solutions 
Ergotron's family of Computer 
WorkCenters and Flat Panel 
Mounting Solution bring com
puter access to the "point of 
need." tilizing a patented Sus
pen ion Technology, Ergotron 
products offer a unique combi

nation of ergonomic adjustability; rugged construction; 
modular, space-saving de ign; and computer accessibility. 
Carts, wall-mounts, pole-mounts, and free- tanding 
WorkCenters are available in multiple de ign . 

Contact Information: 
Ergotron, Inc., 1181 Trapp Rnad, St. Pau~ MN 55121; TeL· 

612-681-7600; Fax: 612-681-7715; http://www.ergotron.com 

• Visualization: 
IRIS Explorer 
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Numerical Algorithms Group 
Inc. (NAG) 

25 years of experience providing state-of
the-an products: 

FORTRAN 90 

• Compiler 
F90 Compiler 

• Numerical Libraries: • Statistical software: 
C 
SMP 
Parallel 
FORTRAN 

GLIM 
Genstat 

• Simulation: 
Faslflo 

Contact Information: 
Numerical Algorithms Group Inc. (NAG); Tel: 630-971-

2337; e-mail: irifrrntb@nag.com; www.nag.com 

Circle No. 664 

Electromagnetic Design & 
Analysis Software 

Vector Fields is a leading indepen
dent specialist company dedicated to 
the development and application of 
computer software for the design of 

electromagnetic devices and systems. Leading corpora
tions in the USA are using Vector Fields software for the 
design of products as diverse as magnetic recording heads, 
electrical machines, loudspeakers, MRl body scanner, x
ray rube , and CRTs. The software is available on most 
computer systems, including PCS and workstations, and is 

accompanied by extensive technical upport. 

Contact Information: 
Vector Fields Inc., 1700 . Farnsworth Ave., Aurora, IL 

60505; Tel: 630-851-1734; Fax: 630-851-2106; e-mail: 
infortliuectmfields.com; www.vectqrjields.com 
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Airplane Design & 
Analysis Software 
AAA and GA.-CAD are 
integrated airplane de
ign and anal} is stem , 

taking users from weights 
to tability and control 
within the arne environ

ment. AAA include military and commercial airplane 
de ign. GA.-CAD is for general aviation airplane and 
includes Aero-CAD, a 3D drafting tool with aeronautical 
design tools built in. Also Consulting Service and Ro kam 
textbooks. 

Contact Information: 
DARcorporation, 120 E. 9th, Ste. 2, Lawrence, KS 66044; 

TeL· 800-327-7144 or 785-832-0434; Fax: 785-832-0524; 
e-mail: info@darcorp.com; http://www.darcorp.com 
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CARD· Design of 
Experiments Software for 
Windows· 

With CARD, all you need to know are 
the variable you want to rudy, and the 
tests you plan to run. CARD is com

pletely expert- ystem structured and Wizard-driven. 
Design Wizard guides you to the right experiment design; 
Analysis Wizard has automated or user-interactive data 
analysi ; Graph Wizard creates 2D and 3D graphs; and 
Optimizer Wizard optimizes variables for measured prop
erties, including cost. Call today for your free demo disk. 

Contact Information: 
S-Matrix Corporation, 835 Third St., Eureka, CA 95501; Tel: 

800-336-8428 or 707-441-0404; Fax: 707-441-0410; e-mail: 
smatrix@ibm.net; www.s-matrix-corp.com 
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Hollow Shaft Units 
SHF-2UH 

HD Systems has introduced a 
new zero-backlash, high-accura
cy hannoruc drive peed reduc
er, which fearures a large hollow 
haft. The new SHF-2UH offers a 

compact design with an integral 
cross roller output bearing and hollow shaft through the 
gear. The design is both axially shorter and lower in weight, 
yet provides significantly increased torque capacity when 
compared to conventional harmonic drive gearing. This is 
accomplished by using their patented OS" tooth profile. 

Contact Information: 
HD Systems, Inc., 89 Cabot Court, Hauppauge, NY 11788; 

Tel: 800-23I-HDSI or 516-231-6630; Fax: 516-231-6803; 
http://www.hdsystemsinc.com 
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MITSUBISHI 
MR-J2 

Mitsubishi' MR:J2 is a high-perfor
mance digital servo that [earures an 
ab olute encoder; world,,~de certification 
(UL, cUL, CE) ; position, speed and 
torque modes; zero speed oscillation func
tion; industry-standard digital command 
pulse input; and an ultra-compact physi
cal footprint design. Its automatic motor 
identification reduces set-up time and the 
hlgh-frequency response (250+ Hz band
width) reduces machine cycle times. 

The MR:J2 includes tlle world's first 
Real-Time Adaptive Tuning, offering 
bands-free gain adju onents, and bas an 
RS232C serial communication interface. 
Installation is simplified with optional 
Windows-based set-up software. 

075 
The Single-slot D75 coprocessor 

motion control module by Mitsubishi 
saves a slot in the A/ AnS backplane, 
allowing users to put more functionality 
into the modular A/ ADS Series PLCs. 
Using a 32-bit Intel-based Reduced 
Instruction Set Computing (RISC) 
processor. the D75 controls up to 192 
axes of motion. Storing up to 600 motion 
profiles for each axis. the D75 provides 15 
different motion control methods. 

An open collector command pulse out
put and differential command pulse out
put with a 400 kHz maximum output fre,. 
quency. enables the D75 to work with any 
ervo or stepper applications. The D75 

also works with the SWOIVD-AD75P soft
ware programming package. 

MR-C 
Users looking for a competitively 

priced and real-time wned servo will 
need to look no further. Mitsubishl has 
recently released the MR-C brushle s 
servo system. It is an easy-to-use package 

Milsllbi.~"i Electric 
Alltomatioll, Illc. 

500 Corporate Woods ParhwaJ' 
'+1'11011 Hills, IL 60061 
Td: 800-44;--1496 or 
8.Ji-4 78-2100 

Fa,: 847-478-2253 
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that has a remarkably low price lag and 
is extremely compact, yet offers 
advanced servo functions that tradi
tional stepper drives will never be able 
to offer. The hardware platform of the 
MR-C servo y tern i the same power
ful 32-bit reduced instruccion set 

By incorporating a new miniaturized 
intelligent power module with a single 
micro-chip processing unit (CP ). Mit
subishi bas produced its mallest size servo 
amplifier yeL The two amplifiers - 100 
and 200 Watts - are available in single,. 
phase. 110. and 230 VAC versions and have 
100% torque from 0 to almost 4.500 RPM. 
Measuring only 1.57-in. wide. 5.l2-in. hlgh. 
and 3.94-in. deep. users can mount these 
units in the smallest of spaces. 
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Cybernetics Speeds Data Acquisition 
and Processing 
The Digital Data Recorder interface 

from Cybernetics provide a fast 
transfer of data to tape at a lower cost 
than other lecimologies. The CY-DDR 
enables researchers to write digitized data 
streams from analog-to-digi tal converters 
or other instrument recorders to 
Cybernetic ' CY-9000LP DTF tape drive 
at peed of up to 36 MB per second. 

"The combination of our CY-DDR 
interface and CY-9000LP digital tape 
drive creates a custom high-speed record
ing solution at an unbeatable price," said 

ick Harper, Vice President of 
Marketing. "It loosens the budgetary 
restraints on designing experiments thal 
require high-speed, frequent sampling of 
data. ow, for under $40,000, you can 
reach performance that can cost over 

150,000 with other solutions." 

The CY-9000LP digital tape drive. 

The CY-DDR interface features up to 

128 MB of variable rate buffer to ensure a 
smooth transfer regardless of fluctuations 
in the data source, upports true bi-direc
tional data flow for record and playback, 
and provides fast access to collected sam
ples for post-processing. The CY-9000LP 

20H 

Cyhel"lletics 
III Cybernetics Hay 
}'Orhtowll. PA 23693 
Tel: 757-833-9100 
Fax: 757-8J3-9300 

The XP Series hard d isk arrays. 

DTF tape drive can record 42 GB of data to 
each tape, greatly reducing the number of 
tapes required, as well as the costs and 
labor associated with purchasing, swap
ping, shipping, and storing them. Data can 
be striped to multiple drive for extremely 
high-speed samples, or cascaded back and 
forth for long duration data collection. 

Once data has been stored to tape, XP 

mic proce sing while a large buffer 
en ures a smooth flow of data between 
host and disk. By striping data to everal 
drive in the array, these solutions 
increase speed and prevent the CPU bot
tleneck so frequently as ociated with 
data-in ten ive procedures. 

Cybernetics has been providing busi
nesses world\vide with advanced tape and 
disk storage olutions since 1978. The 
complete family of products includes a 
variety of high-performance DTF, 8mm, 
4mm, and DLT tape solutions; magneto
optical disk drive ; hard disk arrays; and 
RAID subsystems that are compatible with 
virtually all computer systems. With exclu
ive options like Data Compre ion, Data 

Encryption, and Multi-Ho t capability, 
Cybernetics provides total data manage
ment solutions. A commitment to field
tested technologies and engineering 
expertise have made Cybernetics an indus
try leader, and the same focus on engi
neering enables the company to provide 
urtrivaled technical support and service. 

Series disk arrays and 
RAID sub ystems can 
boost the execution 
speed of host comput
ers in data processing 
centers, improving 
productivity in disk
intensive applications. 
The high-performance 
disk arrays allow data 
to be transferred to 

and from tape more 
efficiently. Extremely 
high capacity - 51.2 
GB, 25.6 GB, or 10.2 
GB - provides suffi
cient online storage 
for complex algorith- Tape and disk storage so lutions. 
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GOULD 
Instrument Systems 

Gould Introduces Two Load & Go 
Data Acquisition Systems with Seamless, 
Integrated Analysis Software 

Gould Instrument Sy terns' new 
ACQuire Data Acquisition System 

features both portable and lab configura
tions, each with built-in, ready-to-use 
acquisition and analysis software. 
ACQuire allows for 16 channel inputs, 
dual sample rates, external sample rate, 
real-time continuous hard copy, and the 
ability to mark multiple events. 

The ACQuire ystem in
cludes integrated data acquisi
tion, analysis, and data manipu
lation software. It runs at 
50,000 samples per second 
aggregate (continuOIl$ LO disk), 
with real-time hard copy run
ning at 100mm per second, 
and offers completely integrat-

ACQuire LAB data acquisition system for crit ical component-level testing . 

"What really distinguishes ACQuire is 
the powerful data display," states tan 

Tofil, Data Acquisition Product Manager 
for Gould. "Because you can configure 
the system to show four different displays 
of data in real time on one screen, a plant 
engineer can see more of what's going on 
and make adjustments quicker. In test 
environments, re earchers can see imme
diate effects and adju l their tests 'on the 
POL' without having to run the whole test 

and then. wade through data.' 

Gouie[ JllstrulIIl'lIt .~)'\tellls 

8131 Rochside Road 
Valley View, ()JJ II125 
'Ii-!: 2 J 6->2S-7000 
Fa.\: 2/6-128-7400 
U'lt'w. gOlild i~. ClJIIl 
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ed playback for re\iew and measuremen t 
Two different configurations are avail

able. ACQuire AP is a portable unit 
weighing under 20 lbs. with carrying case 
and laptop. Priced at $2,495, it features 
5B isolated signal conditioning on a 
channel-to-channel basis and is ideal for 
collecting field data in ,'3rious locations. 
The lab configuration features high per
formance, pecialty signal conditioning 
for measuring temperature, strain, pres
sure, voltage, current, and other units. 
ACQuire LAB is priced at 3,995 and is 
an excellent solution for critical compo
nent-level testing. 

• ACQuire was de\'eloped to be a total
ly self-contained system, requiring no 
integration with complicated external 
analysis package." continued Tofil. 

"There is no need for lengthy training. 
Everything you need to begin acquiring 
and analyzing data is built into the sys
tem. Just load and go." 

To assure the system will meet cus
tomer needs, Gould offers a free demo 
CD and an evaluation purchase program 
that will allow users to run the system in 
the actual application sight ·We've heard 
so many data acquisition stories about sys
tems that don't fit the app]jcation or are 
imply too hard to get up and running, we 

thought we would take the risk out of 
ACQuire by letting the customer evaluate 
it for 30 days before £ina1izing the pur
chase,' said Tofil. 

Gould Instrument ystems is a leading 
upplier of data recorders, signal condi

tioning, and digital storage oscilloscopes. 
·Our core techn1)logies offer a real 
advantage to users looking for reliable, 
functional data acquisition. 'While other 
companies emphasize the hardware or 
the software, we take an integrated 
approach of combining a truly represen
tative measurement signal. acquisition 
capability, creen display, anal is soft
ware, and if desired, output to paper: 
stated Tofil. "ACQuire i the first of a 
number of integrated olutions from 
Gould designed to be 'good application 
fits' for the market.· 
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Real-Time 
Multichannel 
Analog Signal 
Processor 

The P 6000 Signal 
Proce ing tern can 
handle up to 32 analog 

inputs, including train gages, LVDTs, and pul e/ frequen
cy. Output from each channel is a scaleable ±lOV dc ignal, 
accurate to ±0.02% of fuJI cale. ignaI proce ing func
tion include sum/ difference, peak capture, auto zero, and 
sample/ hold. Programmable filters also are provided. 

Contact Information: 
Daytronic Corporation, 2589 Crnporate Place, Miamisburg, 

OR 45342-3694; TeL· 80()"668-4745; Fax: 937-866-3327; 
WlIIW. daytronic.com 
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FREE 199810tech catalog 

Put the latest data acquisition solutions 
at your fingertips! IOtech's 1998 cata
log is now available, offering you a wide 
election of PC-based data acquisition 

system and IEEE 488 communications 
products. This 280-page, easily-navigat

ed catalog make a valuable addition to your personal ref
erence library. This year's catalog features more than 25 
new products, including first-to-market and new-technolo
gy data acquisition systems that are not available from any 
other company. Reque t your free copy today! 

Contact Information: 
!Otech, Inc., 25971 Cannon Rnad, Cleveland, OR 44146-

1833; Tel: 440-439-4091; e-mail: sales@iotech.com; http: 
/ /WlIIW. iotech. com 
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Full-color brochure describes 
BTM's patented Tog-L-Loc 
sheet metal joining ystem. 
Tog-L-Loc easily joins plain, 
coated, or dissimilar metals 
without fasteners. 0 sparks, 
fumes, or oot are produced, 
and protective coatings are 
not burned or pierced. Tog-L
Loc joints have been dem
onstrated to retain 90% of 
their ultimate monotonic 

strength beyond 1,000,000 cycles in fatigue testing. 
Strong, consistent, and leakproof Tog-L-Loc joints can be 
non destructively checked with a simple gage. 

Contact Information: 
BTM Urrp., 300 Davis Rd., Marysville, M148040; Tel: 81 ().. 

364-4567; Fax: 81()"364-6178. 
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GaGC! 
Gage Applied iences, lead
ers in ultra-fast data acquisi
tion products for PCI and ISA 
bus, offers the world' fastest 
16-bit AID cards ampling up 

to 10 M P ,12-bit D cards up to 100 M P , and 8-bit 
A/ D cards up to 500 M PS. Gage al 0 offers the world' 
first In trumentation Grade PC de igned for PC-based 
instrumentation with front access to all connectors and a 
built-in color monitor, providing a complete turnkey solu
tion. Extensive oftware driver pacakges also are available. 

Contact Information: 
Gage Applied Scie1lces, [nc., 1233 Shelburne Rd., Su. 400, 

South Burlington, VI' 05403; Tel: 80().. 567-GA GE; Fax: 80().. 78()" 
8411; e-maiL·prrx1injo@gage-applied.com;WlIIW.gage-applied.com 
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~ CELLSTACK 
Cell-5tack is a rugged, self-contained controller that can 
remotely operate the SoMat 2100 Field Computer System. 
Fully compatible with Windows, Cell-5tack can manage 
communication with the host PC and the data acquisition 
systems, control data acquisition systems, perform analysis, 
and archive and transfer data. Calibrate transducers, 
reconfigure te t parameters, view data in real time, transfer 
data from Cell-5tack to you, and analyze and view results. 

Company Information: 
SoMat Corporation, PO Box 2998, Champaign, IL 61825-

2998; Tel: 217-328-5359; Fax: 217-328-6576; e-mail: 
injo@somal.com; http://WlIIW.somat.com/ 
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New Metallic Seal Profile 
Provides Exceptional 
·Spring Back" 
The Wills Rings- C is a new seal that 
features a C profile and exhibits 

performance characteristics for operation in the most 
demanding static sealing applications. It also provides a 
pring-back ability to absorb and counter deformations in 

hardware up to three times greater than conventional metal
lic o-rings. WtlLs Rings C has a low seating load, is available 
in a range of coatings, and includes system pre ure-actuat
ed, hollow rings, solid rings, and gas pressure-filled rings. 
Temperature tolerances range from cryogenic to 850·C, and 
pr ure tolerances from ultra-high vacuum to 145 psi. 

Contact Information: 
Busak+Shamhan, 2531 Bremer Dr., Ft. Wayne, IN 46801; 

Tel: 80()..767-3257. 
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Kingston Flexible Storage 
V ingston Technology is a 
~ationally recognized lead
ing manufacturer of storage 
enclosures_ The Storage Prod
ucts Division of Kingston was 
established in 1989, offering 
storage upgrades to its cus
tOmers emphasizing the same 
philosophy that made King
ston's memory division so suc
cessful. Kingston Storage instal
lations include Fortune 1000 
companies, educational institu
tions, and countless govern
ment agencies worldwide. 

The Data Silo family 

Developing quality products 
i a Kingston trademark. King
ston storage products are sold 
worldwide through a select 
group of strategic partners in
cluding national and regional 
distributors. 

Mix Match For 
Kingston flexible storage products. 

Flexibl Storage Solutions 
Kingston's storage products provide 

solutions specifically designed to reliably 
support increased storage capacity and 
system flexibility. Use the Kingston 
rugged Data Silo expansion chassis, avail
able with up to 9 bays, to accommodate 
fixed storage needs. Utilize the reliable 
Data Express removable drive trays for sys
tem internal removable storage. Combine 
Kingston's Data Silo and Data Express 
units for a variety of custom external 
removable solutions. 

About Our Products 

mount or Tower) Our Data Silo DS500 is a 

teel rackmount or tower, RAID or ]BOD 
(Just a Bunch of Disks) external expansion 
chassis designed to reliably house any com
bination of up to 9 half-height (or 4 full
height and 1 half-height) deo.ices. Used in 
conjunction with our Data Express remo\'-
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able device enclosures, the DS500 can 
house up to 12 removable devices. 

The Kingston DS500 can support up to 
4 host systems. This enclosure comes stan
dard with a power-on LED indicator, 1 or 
more 300-watt, highly-rated, load-sharing, 
hot-swappable power supply(ies), and 2 
quick-release, hot~ppable cooling fans. 
The DS5OO's front operator display panel 
provides a visual and audible warning 
alarm system that reports dangerous oper
ating conditions. 

Each D 500 unit is designed to upport 
a variety of torage applications, from daisy 
chain configurations to high-performance 
RAID solutions. Pfewired and custom wired 
configurations are available. The DS500 is 
compatible with all popular platforms. 
• Data Silo DSIOO Chassis (1, 2 &: 4-bay) 

The Kingston DSI00 family of expansion 
chassis can house up to (4) 3.5" or 5.25" 
half-height, or (2) 5.25" full-height SCSI 
peripherals. Each DSI00 is constructed of 
rugged steel and is designed to easily with
stand the high temperatures generated by 
today's high-performance devices. These 
chassis are equipped with internal wiring, 
blank filler panel(s), and highly-rated, 
aUlO-ranging. enhanced power supply(ies) 
and fanes). 

Various available versions of the Data Silo 
provide flexible options for storage expan-

sion, making our Data Silo 
enclosures ideal for desktop, 
]BOD and RAID, single and 
dual port disk arrays. Combine 
our Data Silo DSloo chassis with 
our Dam Express removable 
subsystem units and eryoy the 
convenience of up to 6 remo\'
able devices in a small footprint, 
desktop storage enclosure. 
• Data Express (Removable 
Device Enclosure) The King
ston Dam Express line of 
removable device enclosures 
can house any 3.5" drives or 
3.5" front-load type devices. 
Data Express subsystems are 
mountable into any internal or 
external 5.25" half- or full
height peripheral expansion 
bay (model dependent). 

Kingston Data Express units 
are solidly constructed and em-
ploy highly reliable mating 

connectOrs that are rated as high as 
25,000 insertion cycles for most models. 
An ill select indicator, device carrier key 
lock, device activity indicator light, and 
an tistatic insertion guide rails are stan
dard features on most models. Hot~p 
capability and solenoid device locks are 
available options on orne models. 

Our Data Express modular subsystems 
are ideal for applications that require 
cold, warm, or hot swapping of devices. In 
addition, the Data Express is perfect for 
data transfer or transportation, dam secu
rity, archiving large files,]BOD, and RAID 
applications. "Mix and match" ow' Data 
Silo standalone expansion chassis with the 
Data Express for a custom, external 
removable solution . 

Warranty & Testing 
Info ation 

All Kingston Storage Products carry a 
7-year warranty, the longest in our indus
try, and a 3Ck:1ay. no-questions-asked, 
money-back guarantee. 

Every Kingston storage product is 100% 
tested and burned-in for 24 hours prior to 
shipment All of our products are UL, 
esA. and TuV approved and are designed 
to meet FCC class B and CE specifications. 
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Francis J. Kramer, President & Chief Operating 
Officer 

For the past two years, our advertise
ments, literature, and annual reports have 
included the phrase "Combining Excel
lence Across the Spectrum." At II-VI 
Incorporated, we feel that these words 
help convey the attitude and business phi
lo ophy of our growing organization. The 
word "Excellence" is basic to our goals, 
and expresses our dedication to quality in 
design, in manufacturing, and in service 
to our ever-growing customer base. 
"Across the Spectrum" helps describe the 
expansion of our product lines. 

From our inaugural year of 1971 
through 1994, II-VI Incorporated was 

dedicated primarily to infrared technolo
gy with products and ervices for industri
al , commercial, military, and medical 
lasers covering the 2.0 to 20 micron wave
length range. Today, through internal 
product development, mergers and 
acquisitions, the breadth of the II-VI 
Incorporated product offerings now 
includes products to serve the rapidly 
expanding solid-state laser markets 
through our VLOC subsidiary. Using our 
knowledge of CdTe-based compounds, 
we have seen our eV PRODUCTS 
Division expand rapidly as it brings new 
technology to market in the field of 
ga=a ray detector devices. 

At II-VI Incorporated, special empha
sis is being placed on research and new 
product development in the areas of elec
tro-optical devices for use across a broad 
spectrum. We are providing high-end, 
high-specification components that meet 
our customers' requirements for optics 
and electro-optical devices from gamma 
ray to far infrared wavelength . 
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ll-V/ lllc01j)Orated 
375 So.\ollburg BOil/evaI'd 
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Tel: 412-352-/504 
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INCORPORATED 

Material Growth Capabilities 
Optics and optical components which 

meet or exceed specifications begin with 
the highest quality substrate materials. 
Complete understanding of the unique 
properties, preparation, and process con
trol of these materials is critical. II-VI 
Incorporated is recognized worldwide as 
the leader in infrared crystal growth tech
nology and the design and development 
of thin film optical coatings. 

Infrared Materials 
• Zinc Selenide (ZnSe) - A fine-grained 
polycrystalline material, produced by 
chemical vapor deposition, superior for 
transmission for wavelengths of 0.5 to 14 
microns. ZnSe offers excellent qualities 
for imaging due to its homogeneous and 
uniform crystalline structure. 

Zinc Sellenide and Zinc Sulfide materials. 

• Zinc Sulfide (ZnS) - Regular Grade - A 
mechanically strong, small-grained material 
has useful transmission in the wavelength 
range of 4 to 12 microns and offers excep
tional hardness and flexural strength. This 
material is used exclusively in lR missile 
dome and FUR applications. 
• Zinc Sulfide (ZnS) - MultiSpectral 
Grade - Exhibits a high and uniform level 
of transmission from the visible through 
the infrared, making it particularly useful 
in FLlR systems requiring transmission at 
shorter wavelengths. 
• Cadmium Telluride (CdTe) - An ideal 
substrate in the 2 to 25 micron region 
where many materials have reduced or 
variable transmission due to the presence 
of absorption bands. Oriented single 
crystals of this compound also possess 
electro-optical properties, which in turn 
make them useful in application of elec
tro-optical modulation of lR light. 
• Cadmium Zinc Telluride (CdZnTe) -
Used as a substrate for Epitaxial MCf 

(Mercury Cadmium Telluride) in the 
manufacture of IR focal-plane arrays. 
Using Horizontal and Vertical Bridgman 
techniques, ingots of up to 8Kg are pro
duced, yielding high-purity, single-crystal 
substrates up to 6 em x 8 cm. In addition, 
our eV Products Division utilizes high
pressure Bridgman growth for production 
of CdTe/ CdZnTe solid-state room-tem
perature radiation detectors. 

Diamond machined optics. 

Gain Materials 
II-VI Incorporated, through our VLOC 

subsidiary, offers a broad range of stan
dard and custom laser gain and nonlin
ear materials including ruby, Nd:YAG 
and d:YLF, and optical components for 
industrial, scientific, and research lasers. 
Produced to stringent specifications, 
these materials are precisely fabricated 
and coated per customer requirements. 
In addition, VLOC is a producer of 
Cr:LISAF and Cr:LICAF crystals for tun

able solid-state lasers. 
The VLOC subsidiary develops and pro

duces nonlinear materials such as potassi
um niobate (Knb03) and potassium titanyl 
phosphate (KTP) used for the generation 
of laser light throughout the visible and 
near-infrared spectrum. Potassium nio
bate is particularly well-suited for efficient 
conversion of infrared laser light into the 
blue-green spectral region via second har
monic generation (SHG). 

For information on visible and near-lR 
products or materials, contact VLOC at 
813-375-8562 or fax 813-375-5300. For 
information on middle lR products or 
materials, contact the fI-VI Sales De
parttnent at the numbers listed at left. 
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VeSper 
VespelGD from DuPont Meets Needs of the 
Semiconductor Industry 

Vespel parts and shapes are made from 
a unique polymeric material that has 

become the "gold standard" for a multi
tude of semiconductor applications. The 
largest current consumer ofVespel in the 
semiconductor industry is the etch seg
ment, wbere Vespel is used in the process 
chamber for applications such as wafer 
clamping rings, insulator rings. edge 
rings. confinement rings. and lift pin com
ponents. Vespel is also used in PVD. CVD. 
ion implant, and other processes. 

Among the benefits of 
Vespe) for semiconductor appli
cations are: improved die yield 
through reduced edge effect in 
many processes, reduced con
tamination and superior ma
chinability compared to quartz 
and ceramic. excellent insula
tive and dielectric properties, 
and material purity in cham
ber use. 

ufacturing, with improved 
performance and added 
value in etching cbambers 
and other demanding wafer 
processing environments. SCP-
5000 provides improved part life and 
reduced cost of ownership in current 
etch systems and next-generation, high
density plasma systems. 

Compared with the current industry 
standard, Vespel SP-l , Vespel SCP-5000 
offers better retention of strength and 

Vespel Keeps Pace 
with Shift to 
Larger Wafers 

With the advent of 300-
mm wafers, semiconductor 

equipment manufacturers are in need of 
larger-size parts. To meet the need for 
these larger parts that can stand up to 
aggressive chamber conditions and pro
tect process purity, DuPont is now offer
ing Vespel in diameters up to 16 inches. 
Tbese larger parts are ideal for larger 

confinement rings, shield rings, 
focus rings, and various other uses. 
By year-end, DuPont will also begin 
offering lS-incb-diameter Vespel 
rings. Even larger diameters can be 
made available. 

Capacity to Meet Growth 
Needs & Introduce 
Additional Offerings 

Because of its unique combi
nation of properties, Vespel 
has been the polymer of choice 
for in-chamber applications. 
Engineers will often consider 
quartz. ceramic, and Vespel 
first for evaluation when cham-

In wafer manufacturing, Vespel parts contribute to 
increased yields by reducing contamination and edge effect. 

In 1997, DuPont Vespel has dou
bled both its resin capacity and 
Shapes-manufacturing capacity to 
meet the growing need for polyimide 
parts and shapes in the semiconduc
tor industry. As the leading supplier 
of high-performance polymers to the 
industry, Vespel will also offer an 

bers are being designed and tested. 
With the advent of high-density plas

ma. and with larger wafer sizes on the 
horizon, the semiconductor industry 
needs performance beyond even what 
previous generations of Vespel could 
deliver. Now, DuPont is using its capabili
ties in basic science and polymer research 
to provide advanced polymeric solutions 
for semiconductor use. 

New Grades of Vespel for 
Semiconductor Manufacturing 

DuPont introduces Vespel SCP-5000, a 
new generation of Vespel for polyimide 
parts and hapes for semiconductor man-

DuPollt Vespe'~ 
Tel: 800-972-7252 
lUWIll. d uPoll/.com/ 

ellgf.{pol)'11Iers/ americas! 
prod/lcts/Vt~s/J(!l.htllll 
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toughness in prolonged service at elevat
ed temperatures (up to 550°F or more). 
In addition, SCP-5000 delivers more 
chemical resistance. and longer life in 
oxygen-rich and plasma environments. 
With lower moisture absorption and a 
lower coefficient of thermal expansion. 
SCP-5000 can improve the fit to alu
minum parts, reduce the risk of wafer 
damage, create fewer particulates, and 
reduce outgassing. 

Vespel SCP-5000 will offer a polymeric 
alternative for engineers developing cham
bers using high-density plasma, with advan
tages including more uptime. reduced 
maintenance, and increased yields. SCP-
5000 will be available byyear-end 1997. 

increased range of semiconductor 
equipment and material solutions. For 
example, Zymaxx-, primarily targeted at 
the CMP segment, has recently been 
introduced. Zymaxx offers the cbemical 
resistance of Teflon- in a structural 
material. Zymaxx improves the perfor
mance of CMP machines being used for 
parts such as wafer retaining rings 
(where it allows the use of one ring for 
all polishing needs, and can improve 
ring life dramatically), and bell housings 
(where it increases durability over alu
minum, which pits in the presence of 
aggressive slurries). 
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The Sarnoff Corporation is a leader in 
developing ensing technologies for a 

wide range of applications, including 
measurement, identification, data collec
tion, and communications. We have 
made major advances in imaging, com
munications, RF identification, optical 
detection, and short-range data transfer. 

In microwave sensors, Sarnoff applie 
its long experience to such things as true
ground-speed sensors for locomotives, 
which increase load-pulling ability while 
saving fuel. Optical sources under devel
opment include ones with the ability to 
detect gas levels in the parts-per-billion 
range without interference. With more 
than 15 years of experience in RF identifi-

Visible Back-Illuminated CCD 

cation and data-transfer systems, Sarnoff 
has developed products ranging from sim
ple, inexpensive passive identifiers to 
sophisticated active remote transponders. 
An example is a credit-card-sized tag with 
more than 56 billion reprogrammable 
codes that can be remotely read or written 
to at ranges up to six meters. With three 
decades of experience in focal-plane-array 
development, Sarnoff has applied CCD 
technology to everything from security sys
tems to high-speed (1,000 frames/ second) 
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Samo!! C0/11Omtion 
Business De1.lelo/J1l1ent 
CN 5300 
Princetoll, NJ 08543 
Tel: 609-734-2553 
Fax: 609-734-2443 

320 x 244 ptSi IRCCD 

640 x 480 IR Mult iplexer 

missile-tracking S) tems and a 
variety of visible and infrared 
cameras. 

In IR and visible imaging 
systems, arnoff' expertise 
includes thinned-back, illumi
nated CCO in a variety of ou t
put amplifier designs, vacu
um-UV imagers, a monolithic 
platinum/ silicon process, and 
a CMOS cryogenic multiplex
er process. Sarnoff also manu
factures its own high-frame
rate visible and IR CCO cam
era sy terns. 

Sarnoff has two decades of 
experience in advanced sili
con imager design, process 

technology development, imager design 
optimization, and product fabrication. 
We offer an extraordinary combination 
of foundry service flexibility and technol
ogy performance that includes full-ser
vice design and fabrication of final prod
ucts . 

History 
Established in 1942 as the RCA 

Laboratories and a wholly-owned sub
sidiary of SRI International since 1987, 
Sarnoff is one of the world's leading 
research and development organizations 
in solid-state electronics. President and 
CEO James E. Carnes heads a growing 
staff of 830. 
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WATLOW 

The Total Therma System Approach 

A t Wallow, we supply thermal system 
solutions better than anyone else. 

Because, unlike companies thatjUSl make 
heaters, or sensors, or controls, we design 
and manufacture all of these thermal sys
tem components to work together. As 
your single source supplier, we have to 
understand every aspect of the thermal 
system, and that yields advantages for you: 
• Longer heater life 
• More precise control 
• Faster response time 
• Higher productivity 
• Optimal energy management 

The people of Wallow have been solv
ing demanding heater applications for 
over 70 years, and in response to cus
wmer needs, we have developed a large 
heater product line to meet temperature 
requirements to 2300°F (l260°C). Our 
temperature sensor line can handle any
thing from cryogenic -32soF (-200·C) to 
4200·F (231S·C). Watlow temperature 
controls, from simple ON/OFF, non-indi
cating devices to microprocessor-based 
ramping controls, are built to withstand 
hostile environments: heat, electrical 
noise, static discharge, humidity, and 
vibration. Power controls range from 
l\ffiRs to sophisticated SCRs. Many of our 
control products can be networked 
together, or connected to other industri
al control devices, using serial communi
cation protocols such as Modbus™. 

Our experience is reflected in our 
design of over a million different heaters, 
sensors, and controls for such industries 
as plastic processing, food equipment, 
packaging, medical equipment, aero
space, cientific equipment, and nuclear 
power generation. So when you have an 
application problem, we can draw upon 
our dh'erse experience for a better olu
tion instead of being confwed to the stan
dard answers of one industry. 

Hatlow Electric 
Mamifacillrillg Co. 

12001 Ladllmu{ Road 
St. LOllis. JlO 63146 
Tel: 314-8784600 
Fax: 314-878-6814 
http://www.watfoU..colll 
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WatJow 
high-performance 
thermCKouples. 

High-Performance 
Thermocouple Technology 

Technological advances in industry 
have created a demand for thermocouple 
materials with unusually high perfor
mance characteristics and superior quali
ty. WaLlow Gordon has kept the pace with 
lllese demands. A long-time leader in the 
field of temperature measurement, 
Watlow has the modem facilities neces
sary to comply with today's complex spec
ifications, standards, and industrial or 
governmental regulatory requirements. 
Watlow Gordon also provides testing and 
certification ervices to document com
pliance with agency standards. Watlow's 
products are proof that the cl1allenge of 
reliability and high performance is met. 

Performance Capabilities 
• Compliance with recognized agency 

tolerances and pecificarions 
• Temperature ranges up to 4200°F 

(231S°C) 
• NlST-traceable calibration certificates 
• Thermocouple limits set LO ITS-90 ref

erence standards 

Features 
• Type B, R, S, C*, E,J, ,T and K ther

mocouple conductors for all tempera
lure applications 

• Wide selection of sheath materials to 
meet specific application requirements 

• Insulation materials to meet demand
ing application temperatures 

• Grounded and ungrounded junctions 
to meet electrical configurations 

• Multipoint temperature sensor assem
blies measure temperature gradients 
willl0ut muJtiple, individual sensors 

• Hybrid thermocouples withstand 
extreme vibration and humidity 

• Testing and certification services for 
demanding applications 

°Nol an ANSI symbol, 

Applications 
• Semiconductor manufacturing 
• Diesel engines 
• Jet engines 
• Laboratory research 
• Nuclear environments 
• Power stations and stearn generators 
• Rocket engines 
• Turbines 
• Vacuum furnaces 
• Exhaust gas sensing 

ModbusT" is a trademark of AEG Schneid« 
AulOmatio'D 
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tion, orders are selectivel diverted to 
each potentially relevant picking zone. 

Once the order is filled, it goe to pack
ing, where it is checked for accuracy and 
properly packaged. Then on to hipping, 
where the customer has more than 4{) 

tandard delivery options from which to 
choo e. 

This highly automated approach to 
order fulfillment allow orders to be 
proce ed - from order entry to ship
ping - in as little as 30 minutes! The end 
result of this kind of turnaround time is 
that orders placed by 5:00 p.m. Central 
time are shipped the same dayl To ensure 
tlle customer of the ab olute highe HIual
ity standards, this entire proce s - from 
order entry to shipping - is ISO 9002 cer-
tified. 

It tarted in 1972 - an idea, a new con- Digi-Key' certification is comprehen
cept in distribution. Today, Digi-Key sive, covering "the purchasing, warehous

Corporation i one of the fastest-growing ing, and distribution of electronic compo
electronic component distributors 
in the United States. The concept 
that fueled this growth was to pro
vide the highe t level of ervice 
possible to Digi-Key's customers. 

It all begins with the Digi-Key 
catalog. This 500-page technical 
resource, with more than 180 
manufacturers represented, i 
updated and expanded every 60 
days, reaching proven and 
prospective customers across the 
entire United States and Canada. 

Once the phone rings, Digi
Key's leading-edge operational 
efficiencies go into effect. It con
tinue with a computer system able 
to perfonn 24 million instructions 
per second and uppon 600 active. 
The customer is provided with 
real-time stock status and order 
entry, and instant access to hun
dreds of thousands of transactions. 

From there, an intelligent con
veyor ystem flawlessly routes 
orders through more than a mile 
of conveyor. From point of induc-
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nents, computer products, and acces
sories, including value-added assembly 
processes." This covers all facilitie . 

"1 0 9002 certification assure Digi
Key's customers that we have tems in 
place to provide them with a consistently 
high level of ervice," aid Digi-Key 
President Mark Larson. "With audits 
required every ix months to retain certi
fication, it requires a ustained commit
ment to quality. To our customers, ISO 
9002 certification means they will contin
ue to get quality they can count on." 

This commitment to quality service is 

confirmed by independent industry tud
ies. Based on independent re earch con
ducted each year, Digi-Key rate: 
• # 1 for delivery 
• #1 for availability of product 
• # 1 for pricing 
• #1 for responsiveness 
• # 1 for overall performance 

In this qualitative industry 
repon card, Digi-Key has earned 
the highest rating in all five cate
gorie , five years (1992-1996) in a 
row! When evaluated head-to
head with other distributors, Digi
Key is clearly the leader when it 
comes to service I 

The word "service" is an easy 
one to throw around. In electron
ic distribution, everyone claims to 
be dedicated to ervice. But Digi
Key supports it with measurable 
performance that i confirmed 
time after time by simply asking 
our customers. 

"We believe Digi-Key provide 
the best service in the industry," 
says Larson. "Our growth rate 
over the past 20 years and the 
industry studies are perhap the 
stronge t testimony to that fact." 

Service is what differentiates 
one di tributor from another. 
Service i what differen tiate Digi
Key from other electronic compo
nent distributors. 
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DRS 
T ECHN OLOGIE S 

DRS Laurel Technologies, a division of 
DRS Technologies, is a world-class 

electronics contract manufacturer serv
ing the needs of commercial OEMs and 
defense sector prime contractors. Our 
client list includes AlliedSignal, onhrop 
Grumman, Boeing Company, Lockheed 

Martin, United Defense, and many other 
respected names. They know us for on
time manufacture and delivery of a wide 
range of value-added, quality products, 
including wire harness and cable assem
blies, printed circuit boards, complex 
electromechanical subassemblies, and 
COTS technology display systems. A tech
nically astute company, we offer a full 
range of assembly, integration, and test 
solutions for electromechanical and elec
tronic systems. This "total turnkey' 
approach allows us to lake a product 
from concept through design, prototype 
validation, and full-scale production. 

lnJanuary 1997, we received ISO 9002 
certification. In addition, we are fully 
compliant with AN I:J-Std~OlB, Mil-Q-
9858A, ANSI:J/ IPC-A-610B, and other 
well-recognized commercial and military 

standards and practices. 
We are an industry leader today, in no 

small measure because of our preference 
to forge long-term partnering relation-

DRS Laurel Techllologies 
423 Walters AllI'lIIlf' 

johnstowlI, PA 15904 
Tel: 814-269-4141 
Fax: 8H-269-4661 
c-lIlail: rc/m-h@lrllech.com 
httjJ:/ /W7.tJw.lrlfech . COlli 
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ships with our customers. At bean, we 
are a problem- olving company, one 
which knows that our customers' success 
is our success. Accordingly, we don't just 
manufacture products. Our quality assur
ance staff evaluates each customer's man
ufacturing needs in much the arne way it 

evaluates our own, with an eye 
towards making every product 
better. We've learned that any 
manufacturer can build products 
inexpensively. Drawing upon our 
key technical strengths, we 
believe we provide each customer 
with the very best value manufac
turing solution_ 

A fine example of this "build it 
better" philosophy is our newly 
available PCS Plus solid-state 
power conditioner. Far ligh ter 
and more compact than compet
ing power conditioners, this ver
satile unit is less expensive and 
more efficient, too. It will allow 

our customers to improve upon the wide 
array of power-<lemanding applications in 
which it may be used, including main
frame computers, air- and ship
board control consoles, and 
more. 

Typical power supplies found 
in today's electronic systems 
transmi thigh-frequency elecuical 
noise back onto the AC utility 
input. These emissions can inter
fere with the operation of other 
equipment sharing the utility. 
They can also induce over-cur
rents that may not be detected by 
conventional circuit breakers. In 
addition, these traditional power 
supplies and conditioners gener
ate multiple harmonic load CUf

renrs, which in. turn propagate 
unnecessary circulating currents. 
These currents do nothing to sat
isfY the actual load requirements, 
and must instead be dissipated as 

waste heat, a serious problem for many 
applications. 

The Pes Plus practically eliminates all 
harmonic distortion, allowing a near-per
fect Power Factor of 0.99. And by stop
ping EMl/RFI problems at the AC 
source, the unit also obviates the need for 
external EMl/RFI filtering solutions. 

Unlike other power conditioning sys
tems, which require separate assemblies 
for DC to DC conversion or multiple out
put DC supply, the Pes Plus is completely 
versatile. Using a single part number, it 
accepts unfiltered single-phase or three
phase AC line voltage anywhere in the 
world, conditions it, and converts it to 
multi-Qutput DC power. An integral charg
ing system provides an uninterrupted 
source of power for dependent systems. 

By replacing up to three separate 
assemblies in a single housing, the Pes 
Plus reduces final manufacturing cost in 
typical installations. Weighing nearly 80 
Ibs. less than competing designs, the Pes 
Plus offers considerable flexibility any
where that size and weight represent crit
ical design issues. 
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Applying Technology for 
Advanced Control Solutions 

Omron Corporation is one of the 
world ' premier manufacturer of 
automation components, equipment, 
and tern with advanced computer, 
communications, and control technolcr 
gies. tringent international quality tan
dards are our mandate. Ornron offers 
one of the world' widest and most tech
nically advanced selections of products 
for u e in factory automation, office, 
healthcare, telecom, banking, and retail 
ystems. Our "Quality First" motto i 

reflected in all of our products, from ini
tial product planning and de ign through 
production, quality te ting, and warranty 
documentation. 0 other automation 
supplier i as focused on providing the 
total automation and electronic package 
for the 21st century and beyond. 

Omron provides multi-location and national 
account coordination from U.S. headquarters, 
exclusive inventory arrangements, 
customized testing reports to eliminate 
incoming inspections, custom bar coding, and 
next-flight-out emergency shipment of parts. 

Sales and Support Facilities 
The Americas headquarters for Omron 

are in Schaumburg, IT... Omron Canada in 
Scarborough, Ontario and Omron Brazil 
are ub idiaries. VISit our Technology 
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.. the U.S. and Canada. . ... are located in Schaum-

Olllnm Electrollics. IIll'. 
01lC' East COIIIIIIC'rcC' Dril 'e 

SchaulII/J/t/g. IL 60173 
Tel: 847-843-7900 
Fa.\: 847-843-7787 
WWlI'_ 0('1. 0111 rOil. COlli 

burg, Toronto, regional .. offices, and at 
certified distributors. Omron manufactureS 
relays, photoelectric seflSOrs, and other con
trols at Omron Manufacturing of America 
in t Charles, IT... Our R&D centers are 
located in Japan, ingapore, UK, Nether
lands, Germany, and the U. 

Key Data 
Omron Corporation 1996 revenues 

were $5.6 billion. Omron employs 23,000 
worldwide. There are 55 international 
sub idiaries and more than 40 factories 
worldwide, all with I 0 9000 certification. 
Omron was founded in 1933 in Kyoto, 
Japan. Omron Electronics, Inc., responsi
ble for North American marketing, was 
tarted in 1973. It employs 700 divided 

among 34 branch and regional office , 
training facilities, and application lab. 

Products 
• Relays - low signal, PCB power, general

purpo e, olid state 
• witches - basic, mechanical, optical 

DIP, pushbutton, thumbwheel 
nsors - proximity, capacitive, photcr 

electric, limit s\vitches, measurement 
and inspection 

• Magnetic tripe and IC chip card read
ers - insert, swipe, motorized 

• Radio frequency and bar code automatic 
identification and data collection systems 

• Machine vision systems 
• Programmable controllers 
• Timers, counters, panel meters, power 

supplies 
• Operator interface terminals 
• Process and temperature controllers 
• oftware for PLCs, operator interfaces, 

and proce control monitoring 

Control Components include relays, switches, 
small optical switches and sensors, and card 
readers. For a CC Standard Products Catalog, 
fax to 847-839-2280 or e-mail: 
omroninfoOomron.com 

® 

Recent Advances 
• trap-on liquid level sen or EE PX613 

detects aqueou fluids in clear and 
translucent tubing and pipe . 

• Photo 10 relay G3VM include an 
ultra-smalI 4-pin version, in urface
mount and through hole type . 

• Color mark sensor E3MC combines RGB 
light source, free angle optics, position 
sen ing diode, and fiber-<>ptic light 

Factory Automation controls and systems 
that are simple to integrate include machine 
vision, RFID and bar code data handling sys
tems; programmable controllers and operator 
interface terminals; software; DeviceNet com
ponents; process and temperature con
trollers; timers; counters; and panel meters. 
For a Short-Form FA Catalog, fax to 847-839-
2280 or e-mail: omroninfoOomron.com 

pipes to provide accurate color compari
on, regardle of luster. They perform 

reliably exposed to machine vibration. 

• Off-line circuit board irlSpection system 
Vf-WIN uses color vision to provide 3D 
views of solder joints, captures defect views, 
records date/ time LO reduce time and 
operator futigue in quality control process. 

• Micro PLC RMI uses networked 
inputs and outputs to provide high
speed proce ing for up to 256 points, 
scattered in 4-, 8-, and 16-point blocks 
over a 100-meter distance. 

• RF-based V600 automatic identification 
data collection system encodes batch 
and routing data onto industrially hard
ened tags for read/ write access to data 
at the point of use. 

• Ethernet gateway for mid ized PLCs on 
a plug-in PCMCIA card. 
See Omron ' products in action by vis

iting the Factory Automation Plaza 
Technology howroom in Schaumburg. 
Fax a visit request to 47-839-2345. 
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The Evans Hybrid ca
pacitor is half the 
weight and one-tenth 
the volume of alumi
num capacitors. It is 
made as either a pris

matic design in a polymer package (right, in photo) or a 
hermetic r.ffirtype de ign in a tantalum package (left, in 
photo). Evans Hybrid- capacitors range from ImF to 
100mF, 3V to 125V. 20g to 6Og, and 5cc to 15cc. 

Contact Information: 
Evans Capacitor Company. 33 Easlbn Ave., East PrtnJidence, 

R1 02914-2107; Tel: 401-434-5600; Fax: 401-434-6908; 
www.evanscap.c07n 

Circle No. 685 

Interconnectric.-: 
The New Name in 
Reliable 
Interconnections 

Servometer introduces the 
Interconnecuic line of minia
ture gold-plated bellows con

tlct springs for dynamic interconnections. They can be used 
individually or as pairs in critical applications. These unique 
contaCts come widl either a convex conical or concave conical 
tip. which when paired. will allow them to se1f..aJign at inter
connection. Diameters range from 0.037" O.D. to 0.125" O.D. 

Contact Information: 
Tom Guarino, Engineering Sales Mgr., Servometer 

Cmporation, 501 Little Falls Rd., Cedar Grove, Nj07009-1291; 
TeL' 973-785-4630; Fax: 973-785-0756; WWW.servometer.com 

Circle No. 687 

Have you visited the 
NEW NASA Tech Briefs 

web site? 

• Renew or start your subscription 

• Order Technical Support Packages 

• Share Ideas in Reader Forum 

• Preview upcoming issues 

• "Visit" NASA R&D centers 

• Find vendors and products 

.. . all on- line now at 

www.nasatech.com 
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Ross Engineering Corporation designs 
and manufactures HV Relays, HV 
Switches, HV Contactors & Circuit 
Breakers. HV DCI0MHz Digital 
Mulrimeters, HV Volta.ge Di~iders, Hi
Z· Voltmeters, Wideband HV 
Oscilloscope & Voltmeter Probes, 

Spark Gaps, Toroids, Spheres, Corona Nuts, Personal 
Grounding Rods, Fiber Optic transmitter systems. Typical 
applications are in HV power supplies, HV power line and 
underground cable voltage measurement and phasing, 
HV power quaHty, and disturbance monitoring for most 
industrial plants. lab. or utilities. 

Contact Information: 
Ross Engineering Cmporation, Hugh Ross, President; Tel: 

408-377-4621; Fax: 408-377-5182; http://home.navisofl.com/ 
rossengineering/index. hIm 

Circle No. 686 

RGB Spectrum develops and manu
factures products which integrate 
computer and ~deo signals for dis
play and communications. Products 
include the RGB/Videolink· ~deo 

scan converters, the ComputerWall- multi-screen proces
sor. me RGBjVie~ and SuperView" lines of real-time 
~deo windowing systems, the SynchroMaste~ computer 
signal synchronizers. and omer specialized scan conven
ers and processors. External peripherals and VME boards. 
Applications include command-and-control, simulation 
and training. remote surveillance, ~deo conferencing. 
large-screen communications. and virtual reality. 

Informatl 
RGB Spectrum, 950 Marina Vrllage Pk!lfJ., Alameda, CA 

94501; Tel: 510-814·7000; Fax: 51()..814-7026; e-mail: 
sales@rgb.com; http://UlUfW. rgb. com 

Circle No. 688 

Rolyn 1 of 

Rolyn Optics announces their 1998 cata
log, "Optics for Industry" with 140 pages 
of product data, photos, performance 
graphs. and ordering information. 

Included are simple and compound lenses, prisms, optical 
flats/flat glass, flat and concave mirrors, absorption and 
thin-film filters, beamsplitters, reticles. instruments. and 
much more. One of me largest and oldest suppliers of off
the-shelf optics, Rolyn offers 24-hour delivery on stock 
items. The firm pro~des custom Gutting. coating. edging, 
or complete fabrication. 

Rolyn optics Co., 706 Arrowgrand Circle, Covina, CA 
91722; Tel: 626-915-5707; Fax: 626-915-1379; ~mail: 

inf()@rolyn.com; http://www.rolyn.com 

Circ.le No .. 689 

31H 



M Specialty Optical Fibers 
3 Bragg Gra ing Technologies 
Optical Fibers and 
G~ tin 5 Back d 

r 99 
th 

3M Specialty Optical Fibers/ Bragg 
Grating Technologies is a vertically inte
grated manufacturer providing world
class pecialty optical fibers and gratings. 
Our capabilities in fiber preforms, coat
ing, waveguide design, and terminations 
allow us to meet virtually any need. 3M's 
fiber Bragg gratings, specialty single-

3M's fiber Bragg gratings are available with a colored acrylate polymer coating 
over the reclad region. 

mode fibers, and large-core multi-mode 
fibers represent the most complete line 
of specialty optical fiber products in the 
world. And, they're backed by the tech
nological, engineering, and manufactur
ing resources of 3M. 

We maintain active, ongoing fiber 
optics re earch and development pro
grams, and we take advantage of the vast 
resources and technolOgical information 
within 3M. Our facilities in West Haven 
and Bloomfield, Connecticut house state
of-the-art production equipment, and we 
provide to you the very latest technology 
3M has to offer. 

32H 

As a fully licensed Bragg 
grating supplier, 3M focuses 
on the design, development, 
and manufacture of fiber 
gratings for the telecommu
nications, sensor, and re
search markets. Through the 

integration of 3M's fiber and grating 
re ources, you now have commercial 
availability of gratings written in fiber 
designed specifically for gratings fabrica
tion, along with the research capabilities, 
volume manufacturing strength and 
product quality that 3M i famous for. 

3M's leadership in polarization-control 
fiber technology is based on our" haped
cladding" fiber. Our investment in this 
technology has resulted in fibers of 
unparalleled consistency and high toler
ance. Products such as our single-polar
ization fiber, polarization-maintaining 
fibers from 500 to 1550nm, and assem
blies are used for aerospace, military, and 
advanced communication applications. 
In addition to polarization-controlling 
fibers, 3M manufactures high A fibers 
and fibers operating in the visible as well 
as other non-telecommunications wave
lengths. 

This broad line of step-index Power
Core fibers and assemblie are designed 
and manufactured to meet a wide variety 
of transmission and environmental 
requirements found in the medical, 
industrial, spectroscopy, military, and 
data communication markets. Products 
include the popular TECS™ hard-clad 
fiber and high-power SMA 905 assem
blies. 

m asis on 'Ii thnical 

3M's full-service customer support 
helps you with everything from applica
tion planning to system start-up. Our 
engineers will work with you to deter
mine which fiber or fiber grating is right 
for your application. Or, we'll custom 
design a fiber or grating to provide the 
best solution for your application . 

3M has extensive experience in fiber 
optics; a dedication to research and 
development; and a commitment to work 
closely with our customers from start to 
finish. They're all good reasons to put 3M 
to work for you. 
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~ Digital Particle-Image Velocimetry Enhanced by Fuzzy Logic 
Particle velocities can be measured with high spatial resolution over a broad range of 
seeding densities. 
Lewis Research Center, Cleveland, Ohio 

A method of digital particle-image 
velocimetry (digital PlY) involves the use 
of a combination of fuzzy-logic, cross-<:or
relation, and particle-tracking techniques. 
As in other PIV method , the overall task 
is to estimate the velocity field in one 
plane of a flowing gas or liquid by (l) 
seeding the flow with small, highly reflec
tive particles, (2) illuminating the plane 

of in terest \\~th illlen e light from a pul ed 
laser or other source, (3) recording a 
sequence of image of the illuminaled 
particles ( ee figure), and (4) proce ing 
the image data to delermine local velo ity 
vectors from displacements of particle 
images. Older PIV methods describ d 
previ usly in NASA Tech Briefs involve vari
ous degrees of manual and/ or automated 

proce ing of image data by hardware 
and/ or oflware. The pre em method is a 
product of a continuing effort to develop 
a capabili ty for alIo{! Ie tronic, fully auto
mated, software-based processing of digi
tized eed-particle image to extract the 
maximum available information aboul 
velocities. 

In the pre em method, the same scene 

Figure 1. Seed Particles Entrained in Supersonic Flow from a convergent nozzle can be seen clearly when illuminated by a sheet of pulsed laser light. This 
is one of two images that are recorded a short time apart so that velocity vectors can be extracted from displacements between the first- and second
image positions of the particles. 

Figure 2. This Velocity-Vector Map was generated in the second stage (fuzzy-inference particle tracking) of processing of two consecutive images 
like that of Figure 1. 

NASA Tech BdelS, December 1997 W\\w.nasalech.com 



If you use galvanized a1\U11Jt11zed. or pre-painted metal • BTM' 
patented Tog-L-Loc joining system can simplify your production and 
improve product quality. Tog-L-Loc forms a leak proof joint from the 
parent metals without fastenen;. Protective and cosmetic coatings are 
not burned Of pierced. Tog-l-loc also joins readily through adhesive 
sandwiches. There i~ no work hardening of the parts. distortion. or 
discoloration wilh Tog-l -Loc. Without fastener inventories. feed 
mechani sms. or ~cc(lndary operations. Tog-L-Loc equipment is Ie. s 
expensive and more productive than riveting equipment. Compared 
with spot welding. Tog·L-Loc requires no transformers, cable drops. or 
cooling lines. and produces consistently good jointS over short or long 
production runs. Tog-l-Loc is al.o environmentally clean. BTM will 
design and build complete tum-key systems for Tog-L-Loc assembly. 

BTM Corporation 300 Davis Road 
Marysville, Michigan 48040 U.S.A. 
Tel: 810-364-4567 Fax 810-364-6178 

BTM 
CORPORATION 

For More Inf ormation Circle No. 430 

Encoder to do list ... 
~Find a small, optical encoder 

~Minimum 25 cycles (100 in quad) 

~Maxil'l'lul'l'l 5VDC @ SmA, TTL output 

~ GET SPECS FOR THE NEW RE2011 

Manual Optical Encoder 
• SmA max current draw! 
• 20 & 25 full cycles/revolution 
• 0.96"H x 0.76"W x 0.36"D 
• TTL, CMOS, panel, pcb 
• Lowest cost vs competition 

(actua l size) 

NC Machine Tool Pulser 
• 100 notch graduated knob 
• 02.6"/03.15" sizes 
• PC board, terminal block 
• Integral or stand-alone 
• 5-30VDC input 

Check out all the RE20 and RE45 models in our on-line catalog: 
~ www.cuistack.com 

~ 800-275-4899 
CUI STACK FAX: (503)643-6129 On top of it.1M 

For More Information Circle No_ 431 

is both illuminated by two pulsed lasers via a beam combiner and 
ob erved b two charge-coupled-device cameras via a beam split
ter. Each camera acquires a single-expo woe image. The reason 
for u ing two cameras and two lasers i impl to make it po sible 
to record the two images as clo e together or as far apart in time 
as necessary to obtain particle-image di placements in the right 
ize range for extraction of velocity data. 

The image dala are then analyzed in a two- tage proce . In 
the fir t slage, the image from tl1e two cameras are divided 
into equal- ize region cross-correlation betw'een corre pond
ing region are computed, and a fuzzy-logic inference engine 
i u ed to maximize the recovery of information from the cor
relation plane: Ideally, the peak of greatest amplitude on the 
correlation plane for each region would represent the average 
particle displacemem and thu the average particle velocity in 
the region. However, when the seed den ity is low or there is 
out-of-plane particle motion, image noise, or a velocity gradi
ent, a number of correlation peaks can arise. In an effort Lo 
elect the correlation peak that repre em the true velocity, a 

fuzzy inference operation is perfonned. The essence of this 
operation is to compare the velocity vector ' of the five highest 
correlation peaks in each region witl1 those of the five highest 
correlation peaks in each of the four urrounding regions and 
to elect, for each region, the veloci ty vector most similar to the 
velocity vectors of the selected correlation peaks of the other 
regions according to a confidence-weighting numerical criteri
on. The justification for selecting velocity vectors on tl1e basis 
of imilarity to adjacent velocity vector lies in the fundamental 
continuity of flow. Of course, because it represents velocitie 
averaged over regions, the resulting velocity map inherently 
has low spatial re olution. 

The second stage of tile image-analysi process involve parti
cle-tracking velocirnetry, in which (1) the data from each frame 
are processed independently to detennine tl1e particle-image 
centroids, (2) the centroid location are used to detennine can
didate displacement vectors, and (3) velocity vectors are calculat
ed by dividing the displacement vectors by the interexposure 
time. The major problem in electing the displacement vectors is 
to detennine which particle-image centroids in the second frame 
represent the subsequent positions of which particle-image cen
troids in the fir t frame. In the pre ent method, this problem is 
solved by invoking two schemes, the first being a fuzzy-logic 
scheme with a selection criterion that is also based on continuity 
of flow; this scheme was described in "Particle-Tracking 
Velocimetry With Fuzzy Logic" (LEW-16205), I1SA Tech Briefs, 
Vol. 20, No.8 (August 1996), page 62. 

In the second cheme, which also involves fuzzy logic, the low
resolution velocity map generated in the first tage is used as a 
further guide to selection of vectors: For each initial particle loc~ 
tion, the four first- tage nearest-neighbor velocity vectors are 
used to compute a spatially weighted mean vector called the 
"benchmark» vector, which is then used in pairwise fuzzy com
parison with all of the candidate vectors for the particle in que!.T
tion. The candidate vector most similar to the benchmark vector 
according to a confidence-weighting numerical criterion is select
ed as the velocity vector for that particle. This process is repeated 
for each initial particle location, yielding a high-resolution veloc
ity-vector map ( ee Figure 2). 

This work was dgne by Mark P. Wernet of Lewis Research 
Center. For further information, access the Technical Support 
Package (TSP) free on-line at www.nasatech.com under the 
Mechanics category, or circle no. 180 on the TSP Order Card in this 
issue to receive a copy by mail ($5 charge). 

Inquiries concerning rights for the commercial use of this invention 
should be addressed to itSA Lewis Research Center; Commercial 
Technology Office, Attn: Tech Brief Patent Status, Mail Stop 7-3, 21000 
BwokparkRoad, Cleveland, Ohio 44135. Refer to LEW,16415. 
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Mechanical Simulation for BeHer Products™ 

Build 

• :p=1 
C ID or .-leIS Pllrts and I Isse1llblics Fllllctio71illg WO/'king .Hodel !}ubu)(('y Door \lecbanis11I 

,\lode/cd ,,)' .'-;rtm 7itjJi'Tl. "',por (ill/ad" fllC , Qllfbu, Cinllldu 

Test 
Contact and friction forces 
Positional tracks and en\'eiopes 
Loads on any part 
\Vill it work? 
\[otor and actuator sizing 
Interference detection 
Forces on any joint or component 
Complete system animation 
Velocities, accelerations and energies 

Refine 

.~ 

U \'11<> l,·,k ~ 

For a demo or for your local dealer CIJ/l··~J..7~~~ 
Or cmtact us at 'llJ'lVW. 

Build your "\Yorking 
;\[odel "by putting togeth
er re,il physical components 
like motors, actuators, 
springs. and mechanical 
joints . .. TO programming is 
required. You can design 
parts and assemblies in 
\\rorlcing Model, or directl} 
in your CAD environment . 
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Our Turcon ea ls are well known as the industry's best 
proprietary engineered thermopla tic components, offering 
very low friction , excellent leakage control , and long· 
lasting service life. Available in the most popular sizes to 
fit your needs . We want to be your Sil/gle Source For 

uperior Sealing Solutiolls. 

Busak+Sham8 
Seals Division, P.O. Box 176, Fort Wayne, IN 46801 . Fax 219·749·0066 

For immediate off-the-shelf product availability 

(0111-800-767-3257 
For More Information Circle No. 432 

( ( ( ( ( ( ( ( ( 

Heating a medical device? 
We have the perfect prescription! 

Stick· on simplicity ... 
Sophisticated thermal control 

Flexible Thermofoil™ heaters are the sure cure for chron ic 
heating ailments: Easy to apply as a flexible bandage, yet 

capable of uniform, efficient heat . Proven performance in 
diagnostic devices, catheters, fluid warming, respirators 

Etched-foil element with chemical-resistant polyimide 
insulation . Drop-in-place subassemblies with integral 

sensors, connectors, metalwork, flex-circuitry . Optional 
factory mounting . Full range of temperature controllers 

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

Telephone: (612) 571-3121 . FAX: (612) 571-0927 
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o Solenoid Valve Modified To 
Prevent Leakage During 
Vibration 
An armature is redesigned, and a spring is added. 

Lewis Research Cet1.te1; Cleveland Ohio 

A olenoid valve has been modified to uppre chatler, which 
made the valve u ceptible to leakage in a vibratory environment. 
In the original de ign, an axial clearance of 0.040 in. (1 mm) 
between the armature and the pilot ( ee figure) left the arma
ture free to chatter. ometirne, the chatter knocked the pilot out 
of the valve eat, thereby cau ing leakage. Even though the pilot 
and eat were configured for pre ure-assisted eating, a differ
ential pr ure acro the valve eat of 1,800 p i (12 MPa) was 
in ufficient to prevent leakage during vibration of the valve. 

Elimination of the armature/ pilot clearance was not an option 
becau e during nonnal operation, the clearance is utilized to 
develop momentum of the armature for a hammering effect that 
assists in opening the valve; with the help of the hammering 
effecl, the valve can be opened at a differential pres ure up to 
the rated value of 2,500 p i (17 MPa). In tallation of a tiffer 
spring pu hing down on the pilot from in ide the armature was 
al 0 not an option becau e it would reduce the maximum op n
ing differential pre ure below the rated value. 

The modification that was fina lly chosen was one that elimi
nated chatter while not impairing the abi lity of the valve to open 
at the rated differential pressure. The original armature was 
replaced by a new armature containing an additional counter
bore wider than the original counterbore. The new counterbore 
accepts a pring that has a diameter greater than that of the orig
inal pring and that surrounds the original spring. The original 
spring i retained and i sti ll used to push the pilot down into the 
valve eat. The new pring pushes the armature down with ju t 
enough force to prevent chatter during vibration. 

This work was done by Michael W Henry of Aerospace Design. & 
Fabrication, Inc., for Lewis Research Center. For further information, 
access the Technical UPPOTt Package (TSP) free on-line at www. 
nasateciz.com under the Mechanic category, or circle no. 185 on the 
TSP Order Card in this issue to receive a copy by mail ( 5 charge). 

Inquiries concerning rights fOT the commercial 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, Ohw 44135. Refer to LEW-16344. 

PART OF ORIGINAL VALVE PART OF MODIAED VALVE 

The Additional Spring in the Modified Valve pushes the armature down with 
just enough force to prevent chatter within the axial clearance. This figure 
presents a simplified view to illustrate the basic principle of the modification; 
the actual design is somewhat more complex. 

A Tech Briefs, December 1997 





iii Arc-Burn-Suppression System for Manual Resistance Welding 
This monitor system prevents the formation of an arc column during weld operations. 

Marshall Space Flight Center; Alabama 

A weld-force monitor sy tern is now 
being used to prevent arcing hould 
there be a 10 of contact between a 
weld electrode and the weldment dur
ing the re i tance-welding proce . 
Previously, re i lance welding in
volved the manual application of the 
weld force. Slipping of the weldment 
during the welding operation often 
resulted in an arc, which damaged the 
weldment. Al 0, in previou welding 
proce e, the achievement of proper 
welds depended on the skill and 
endurance of technicians. 

The arc-burn-suppression y tern 
( ee figure) incorporate a pre sure 
transducer, which is mounted behind 
a low-mass collet assembly in a weld
ing gun, to measure the welding 
force. A wide-band amplifier drives a 

Being plane smart 
just got easier. 

.- ... 
• Stabd",,,,,,, ... 
• oIIrplaooSbiotl 
. ~ 

• oIIrpIaoo DosIp 
• AlPio,...ks · "'" 
IIIWSOnwW 

Airplane design and 
analysis software 

for WindowS; 
• ,...., & ~Isioo 5ysfuos 
• Got Dyoomla 
• IMrgy c-.Joo 
• IIouo Apptad..tIoos 

1IXTIOOI($ 
. oIIr,&aoo~,,,,,-,,, 

• oIIrpIaoo DosIp 
• AilpI ... fIItIot Dyoonola 

(OIlSULnIlG 51RVlas 

... and the 
21st century. 

/lARcorporation 
Design. Analysis and Research CorporatIOn 

120 E 9th. Suite 2. l.awrence. ~s 6e044 • USA 
Toll Free Fax 1..f188.224-6139. F..x C785) 832..Q624 • .m8Illt'Ifo@dwcOtpcom 
,·800-327·7144 • (7815t 832.0434 • http://www.dareorp.com 
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welding-trigger circuit and huts 
down this circuit within a brief 
re pon e time when it detect 10 
of contact. 

The ignal from the pre sure tran -
ducer is ent to a wide-band amplifier. 
This amplifier provides a low-noi e, 
high-gain input signal to a welding
force di play unit, which tl;ggers the 
welding sequence at the required 
welding force. The hutdown circuit, 
which is based on an LM311 integrat
ed circuit, compares the incoming 
voltage from the wide-band amplifier 
with a reference or threshold voltage 
repre entative of the minimum allow
able welding force. The shutdown cir
cuit terminates the weld equence 
when it detects that the force decrea -
es to less than the minimum allowable 
welding force. 

The originally specified re ponse 
time of this arc-burn- uppression ys-

tern wa 12 milli econd . However, the 
actual re ponse time ha proved to be 
les than 4 milli econd . The trigger 
thre hold of the hutdown circuit i 
adju table to minimize the re ponse 
time (normally et at 5 percent above 
the minimum weld force). 

This work was done by Francis H. 
guyen, John Geddes, Gene Vanreenen, 

and Gregg Ffolkes of Boeing orth 
American, Inc., for Marshall Space 
Flight Center. For further information, 
access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Manufacturing/Fabrication 
category, or circle no. 123 on the TSP 
Order card in this issue to receive a copy by 
mail ($5 charge). 

Inquiries concerning rights for the com
mercial use of this invention should be 
addressed to the Patent Counsel, Marshall 
SPace Flight Center; (205) 544-0021. 
Refer to MFS-30127. 

Coilet Assembly 

~r--------(( ___ p,,,,,",, """,d""" 

DP41ER 

Weld Force Displayrrrigger Unit Shut-Down Circuit 

To Welder's Ground Fault Interruption Board 

The Arc-Burn-Suppression System prevents the formation of an arc column at the tip of a weld elec
trode during the manual resistance-welding process. 

www.nasatech.com ASA Tech Briefs, December 1997 



REPLACE THAT OBSOLETE 
STEPPER WITH A MITSUBISHI 
MR-C SERVO SYSTEM 
If you're using a 5 phase or a micro stepper system, 
it's a good time to find some new uses for it, because 
the Mitsubishi MR-C Servo will make it a relic. 
Almost twice as fast, the MR-C will dramatically 
improve performance and throughput at an uncom
monly low price. No longer deal with monstrous, 
oversized motors. Realize significant savings in 
panel space and save big bucks. And if we haven't 
convinced you to put your stepper into the "Museum 
Of Motion Comrol" yet. .. how about a peak torque 
capability that provides an added boost to overcome 
changes in load fluctuations ... or real-time adaptive 
tuning control that eliminates the need for 

gain adjustments ... and full dosed loop, integral 
encoder feedback for the ultimate peace-of-mind. 
Consider the advantages of Mitsubishi's MR-C Servo 
System. And. if you're not in need of a boat anchor, 
you can always put your stepper system where you 
stored your first computer. 

J.. MITSUBISHI d~ 
C1?"ttetAV' 

I DUSTRIAL AUTOMATIO DIVISIO 

Phone: 1-(888) 244-9633· In Canada call: (905) 475-7935 

SERVO MOTORS - AMPLIFIERS - MOTION CONTROLLERS 
__ .a __ I_._-....r.--- ,.-t--L- a.t..-. r.rft 
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1m" BEAD 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. 

ISCAN, Inc. 
89 Cambridge Street 
Burlington, MA 01803 USA 

Web: www.iscaninc.com 
Email: info@iscaninc.com 
Tel: 617-273-4455 
Fax: 617-273-0076 

For More Information Circle No. 436 

is! Forming Waveguide-Cooling Jackets 
by Extrusion 
Fabrication time, cost, and difficulty would be reduced. 

'ASA~ Jet Propulsion Laboratory, Pasadena, California 

High-power waveguides with integral 
cooling jackets would be fabricated by 
extrusion, according to a proposal. At 
present, a waveguide with cooling jack
ets i fabricated by one of two alterna
tive methods ( ee figure): (1) the wave
guide and tubular cooling jackets are 
fabricated separately, then joined by 
soldering or brazing; or (2) the wave
guide and its cooling jackets are 
formed in one piece by electrodeposi
tion of metal on wax or aluminum 
mandrels with the cross sections of the 
waveguide and cooling jackets, then 
the mandrels are removed by melting 
or chemical etching. T h e first method 
is difficu lt, time-consuming, and 
expensive, and the discontin uities in 
thermal conductivity at the sold er or 
braze joints in th e cooling pa ths 
reduce cooling efficie ncy. In the sec
ond method, one obtains a single piece 
without thermal-conductivity disconti
n uities, but the second method is even 

Cooling Jacket 
/ 

more expen ive and time-con uming, 
and is limited to materials that can be 
electrodepo ited. 

Fabrication of a waveguide and cool
ing jackets in one piece by extrusion 
would be ea ier, faster, and Ie s expen
sive, in comparison with fabrication 
by the current method . Like elec
trodeposition, extrusion wou ld form 
the waveguide and cooling jackets as 
one piece, providing continui ty of 
high thermal conductivity along the 
cooling paths and thus high cooling 
efficiency. 

This work was done by Raul M. Perez 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 Manufacturing/Fabrication 
category, or circle no. 156 on the TSP 
Order card in this issue to receive a copy 
by mail ($5 charge). 
NPO-19680 

D Waveguide 

d ~~g 
PRESENT METHOD 1 

Mandrel for Cooling Jacket 

/ Electrodeposited Metal 
~ Ma/el for Waveguide (ffi~~ / ~G_==.:s:n~ 

- ----. ----. 
Electro- Melting or 

depoSItion Etching of 
Mandrels 

PRESENT METHOD 2 

Cooling Jacket 

} 

~~~:~i~:c:~ 
1b::?Fz:====*z!I Extruded in One Piece 

Waveguide 

PROPOSED METHOD 

A Waveguide With Cooling Jackets would be extruded as a single piece in the proposed method. 
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[J Computing Optimal Vibration-Sensor Configurations 
Locations of sensors are chosen with the help of optimal full control synthesis. 
Dryden Flight Research Center; Edwards, California 

Choosing effective sets of sensor 
measurements is essential for design
ing controllers to satisfy stringent 
performance and robustness require
ments. Often control requirements 
are not anticipated at the design 
stages in the developmen t of physical 
systems, and sensor configurations 
are chosen in an ad hoc manner. The 
choice of locations of vibration sen
sors for use in controlling or sup
pressing vibrations in flexible struc
tures is an especially challenging 
problem because of the large num
ber of vibration modes. Also, it is nec
essary to trade off (a) the number of 
sensors needed to observe a large 
number of closely spaced vibration 
modes against (b) the weight and 
cost of additional sensors. 

The effectiveness of a sensor config
uration can be analyzed by consider
ing closed-loop-performance mea
sures. Typically, in designing a con
troller, one uses feedback from each 
of a number of different configura
tions, seeking the configuration that 
maximizes these performance mea
sures. A typical measure is the attenu
ation of vibration-mode respon es. 
The optimal sensor configuration, 
according to this measure, is the one 
that maximizes the attenuation. 

A method of computing optimal 
sen or configurations has been formu
lated by use of a method called "full 
control synthesis." Full control com-

Performance Levels, in terms of vibrational
response levels (in g units of acceleration) as 
they would be measured in bays 3 and 4, were 
predicted for various accelerometer configura
tions. Each numerical symbol XI denotes a sensor 
on the ith plate edge in bay X. 

NASA Tech Briefs, December 1997 

pensators are the optimal 
controllers for a given 
sensor configuration, 
since each state and 
error signal can be inde
pendently affected. The 
optimal full control syn
thesis is derived as a sin
gle linear matrix inequal
ity condition, which can 
be solved by use of stan
dard convex optimiza
tion algorithms. 

Bay 1 

Sensor configurations 
are chosen with this 
method by considering a 
set of feasible configura
tions. Globally optimal 
full control compen
sators are computed for 
each member of the set 
to determine the achiev
able performance level. 
The configuration associ
ated with the highest per
formance for a full con
trol compensator is opti
mal among the members 
of the set. There is no 
guarantee that this con
figuration will also be 

A Flexible Structure instrumented with force actuators and 
accelerometers was used to demonstrate the present method 
of selecting sensor locations to optimize active attenuation 
of vibrations. 

optimal for output feedback con
trollers; however, experiments indi
cate that this method can result in the 
choice of effective configurations for a 
ph ical system. 

The method has been used to 
determine accelerometer configura
tion for attenuating vibrations in a 
four-bay flexible aluminum strUcture 
at the University of Minnesota (see 
figure). Force actuators were located 
along diagonal beams in bay 3, while 
accelerometers were considered, to 
be located, alternatively, along the 
edges of plates in bay 3 or bay 4. The 
achievable predicted vibration-atten
uation performance levels for each 
configuration with a full control com
pensator are shown in the table. 

Output feedback controllers were 
implemented for each configuration. 
Experimental results demonstrated 
that configurations in which alJ 

www.nasatech.com 

accelerometers were in either bay 3 
or bay 4 were nearly equally effective 
in attenuating vibrations, in agree
ment with the table. Also, bay-4 atten
uation in the experiments was found 
to be better when feedback was 
obtained from bay-4 sensors (either 
alone or in combination with bay-3 
sensors) than when feedback was 
obtained from bay-3 sensors only; 
this observation correlates with the 
prediction in the table. 

This work was done by Rick Lind of 
Dryden Flight Research Center and 
Gary Balas and Volkan Nalbantoglu of the 
University of Minnesota. For further infur
malion, access the Technical Suppurt 
Package (TSP) free O1-rline at WUIW. 

nasatech.com under the Mathematics and 
Information Sciences categury, ur circle no. 
187 on the TSP Order card in this issue to 
receive a ropy by mail ($5 charge). 
DRC-97-35 
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@ Facilities Project Management System 
This software provides interactive access to accurate, timely information. 
John F. Kennedy pace Center. Florida 

The Facilitie Project Management 
' tern (FPM ) compmer program 

implements an automated data-ba e
management sy tem for planning, bud
geting, overseeing, and oLherwi e man
aging the construction offacilitie under 
the NASA Facility Program. It provide a 
flexible data ba e, adaptable to all level 
of project management at ASA instal
lations and headquarters. 

FPM is a server-based, fully networked, 
interactive application program that util
izes the Microsoft FoxPro database-man
agement software system as its core. FPMS 
is capable of interacting with commercial 
application programs (e.g., MS Word and 
M Project) , using object linking and 
embedding (OLE) technology to provide 
dynamic exchange of data between the 
data base and the commercial application 
program. FPMS also incorporates the 
FoxPro repoll writer software, which pro
vide viewing and pdnting capability for 
all standard reports and forms, as well as 
an ad hoc capability for end users to 
develop custom reports. 

FPMS operates on a PC 486/ 33-com-

90 

patible (or better) server at each ASA 
center and ASA Headquarters. It can be 
configured to work with either PC or 
Macintosh-compatible workstation or 
both, and to u e everal type of network
ing software. FPMS also provides the func
tionality for electronic extraction and for
warding of information to accelerate stat
us and financial reporting to headquar
ters. FPMS incorporate a flexible data
base structure to enable tracking at a1mo t 
any level of detail de ired by each NASA 
center, and makes possible a high degree 
of access control. The ystem can be 
designed to fit the flow of business infor
mation, making it pos ible to enter 
and/ or update information as it become 
known and to view the information any
time before pIinting form . 

The pdmary functions offered on the 
FPMS main menu are denoted "plan
ning," "management," "contracts," and 
"reports." Other menu selections denot
ed "file ," "edit," "admin," "tables," and 
"help" provide maintenance capabilities 
in support of the pJimary functions. A 
navigational button screen has been 

implemented to as ist users in maneuver
ing between modules. Thi button 
creen display the primary functions 

needed by most users. Selecting an of 
the primary menu functions reveal a Ii t 
of screens applicable to that function. By 
highlighting any entry in the list, the user 
can cause the creen thus selected to be 
di played. uch functions a "edit," 
" ave," "cancel," and "new" are activated 
by electing the corre ponding button at 
the bottom of the creen. A keyboard or 
mouse can be u ed to place the cur or 
on any input field to enter or modify 
data. Any of the standard reports can be 
selected from the "reports" menu and 
viewed on the creen or pdnted by select
ing the print option. An ad hoc report
ing capability in the "reports" menu 
enables u er to develop their own 
reports and save report setups for repeti
tive use. FPMS utilizes an expoll capabil
ity where users can choose custom data 
configuration and export the data to 
spreadsheet, data-base, or text files. A 
"Data Warehouse" contortion of flat file 
provides a flatter. simpler view ofthe data 

MOdetIR-TA 
Measurement and Control System 
I 

C:H:INO 
CHINO Works America Inc. 
VICTORIA BUSINESS PARK 1SOO55O. SAVARONA WAY, CARSON, CAUFORNIAOO746 
TEl:213-321-3943/ 45 FAXo310-S32-7195 

CHINO CORPORATION 
32-8, KUMANO-CHO. rTABASHI-KU, TOKYO 173. Japan 
TEUl3-3956-2171 FAXro-3956-0915 
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Are you testing and 
analyzing mechanical 
designs? 

Do it simply with 
SoMat EASE, the System 
for Performance and 

Durability Data Analysis! 
Whether you need to perform data editing, plot your data, or do fatigue and fre

quency analysis on your test data, EASE version 2 is the single system that can handle all 
aspects of your test data analysis. Specifically designed for mechanical, structural and civil engi
neers, EASE version 2 is your key to quickly evaluating product performance and reliability of 
your mechanical designs. Plus, EASE is fully integrated with Microsoft Office for simple prepara
tion of impressive technical reports. 

Here's just some of what you can do with SoMat EASE version 2: 
- Import data sets of unlimited size from a - Seamlessly integrate your EASE fi les with 

wide variety of sources including DADiSP, Microsoft Office 
MatLab, Megadac, MTS-RPC, HP-SDF and _ Work in an easy-to--use Windows 
many others environment 

- Perform digital data filtering and frequency _ Evaluate fatigue and durability characteristics 
analysis 

- Visualize, validate, and edit your data 
- Run automated analysis using the EASE 

Procedure Language 

- and much more! 

Visit our web site at http://www.somat.com to learn more about SoMat, 
your source for data acquisition systems and data analysis software! 

EASE version 2 
The data analysis system used by engineers around the world 
in automotiv~ off-highway, aerospace and defense industries. 

For more information contact SoMat at 217-328-5359; fax: 217-328-6576; email: info@somat.com. 
In Europe contact SoMat Systems (UK), Ltd., +44(0)1582730582, info-uk@somat.com. 

web: http://www.somat.com/ 
CowJghtC> 1997 5oMatGlrpornt .... AII Rights RMwd50Mat and EASE", <<qlst<t<d _of5oMat C!r)mt .... 
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for ad hoc reporting and data exporting. 
During the development of FPMS, it 

was found nece ary to develop new 
OLE oftware for integrating the com
mercial application programs. The 
word-proce ing and scheduling docu
ments are tored in the general field of 
the FPM data base. Key fie lds in the 
word-proce sing and scheduling docu
ments are dynamically linked with data 
resident in the data base, so that updat
ing a field automatically results in a cor
responding update in an report or 
creen in which that field appears. FPMS 

software uses OLE functions to call the 
commercial application programs to 
work on the documents stored in the 
General Field in the data base. Such 
information as the scheduling date 
field is also stored in the data base. 

The "general fie ld" data type is also 
used to support a graphics notepad fea
ture. This feature allows the user to 
copy image , pictures, charts, and the 
like, into the FPM data base for specif
ic reporting functions as well as any ad 
hoc requirements. The users have the 
option of copying their own Gantt chart 
into the specific reporting field or let
ting FPMS generate one automatically. 
T he ad hoc graphics notepad field can 
be used in ad hoc reports or export 
tasks, as detennined by each of the cen
ters. FPMS and the commercial applica
tions are all accessed through selections 
from the FPMS main menu. Options on 
the FPMS menu include "start" mod
ules that handle communication with 
outside application programs. Once the 
commercial application programs are 
loaded, the transition from FPMS to 
those programs is quick and efficient. 

An Internet home page has been creat;. 
ed to keep the NASA centers up to date 
with FPMS development This home page 
contains a user-<:omments area, tips and 
tricks section, and a download-files sec
tion, where base table , release notes, and 
other documentation are retrieved as 
files. New FPMS releases are also distrib
uted using the FPMS home page. 

This wark was done by Patricia F. Hatch of 
Kennedy Space Center and Dmnis Weaver, 
Patricia N. Daniel, Lawrmce A. Geiger 
Kenneth E. McMillen, Jr., Christina L. 
Walker, Brian W. Brum.fieUi, Rosa Machado
Wilson, and Robin E. Zachas of I-NET. For 
further information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.rom under the Mathematics 
and. Information Sciences category, or circle 
7W. 130 on the TSP Order Card in this issue to 
receive a ropy by mail ( 5 charge). 

Inquiries concerning rights for the commer
cial use of this invmtion should be addressed to 
the Patent Counse~ Kennedy Space Center; 
(407) 867-2544. Refer to KSC-11779. 
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TECH BRIEFS 

Co. an
nounces their exten
sive line of MasterOex 
tubing pumps, specifi
cally designed for 

OEM requirements. Virtually maintenance-free, 
these self-priming, positive displacement pumps run 
smooth, quiet, and efficient at flow rates to 720 GPH 
and pressures to 4{) psig. Models are available in 115 
and 2SO VAC, and 12 and 24 VDC. Panel mounting 
is optional for many pump configurations. Bamant 
Co., 28W092 Commercial Ave., Barrington, IL 
60010; Tel: 800-637-3739; Fax: 847-381-7053; e-mail: 
bamant@mc.net;www.bamanLcom 

Barnant Company 

For More Information Circle No. 600 

WORLD'S 
SLIPPERIEST SOLID 
LUBRICANT 
PREVENTS WEAR 
HI-T-LUBP" dry-film lubri
cant - called the world's most 
slippery solid by the 1996 
Guinness Book of Records -

solves wear, galling, and fretting problems for gears, 
bearings, and other metal parts, even at high and 
low operating temperatures. Works under high 
compression load, in a vacuum, and in high rarna
tion environments. General Magnaplate Corp., 
1331 Rte. 1, Linden, ,U 07036; Tel: 800-852-3S01; 
Fax: 90 62-6110; e-mail: info@magnaplate.com; 
http://www.magnaplate.com 

General Magnaplate Corp. 
For More Information Circle No, 603 

WORKBENCHES & 
SYSTEMS CD-ROM 
CATALOG 
This interactive multimedia 
presentation covers Teclab's 
complete line of workbenches 

and laboratory ystems furniture. De igned for 
Windows"', the CD-ROM presentaLion features 
hundreds of benches, including complete product 
specification. Meeting the ChaUenge, Teclab's 
introductory video presentation, highlight3 unique 
features and benefits of a Teclab bench. You select 
what you "'3I1t to see by simplv clicking on the icons 
that interest ou. Teclab, 6450 Valley Industrial 
Drive, Kalamaz.oo, MI 49009; Tel: 800-832-5227; 
Fax: 616-372-6116; http:/ /,,~'W.teclal>-bench.com 

TecJab 
For More Information Circle No. 606 

Free catalogs and Ilteratute for NASA Tech Briefs' readers. To order, drcle the 
corresponding number on the Free Information Request Card following page 96. 

CUSTOM PRECISION 
POTENTIOMETERS 
FREE, all-new Betatroni" Custom 
Precision Potentiometers Catalog 
provides background on the com
pany's indu try-leading design 
and manufacturing capabilities. 

Betatronix has manufactured conductive plastic 
and wirewound potentiometers for 30 years. 
Catalog covers linear and rotary mouon, aerospace 
and missile, outer space, and robotics and anima
tronics applications; full<olor photos and mechani
cal parameters of all-inclusive product line are fea
tured. Betatronix, 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. 601 

FREE HIQ EVALUA
TION SOFTWARE 
National Instnlments offers 
Hi~ for Windows, featuring 
ActiveMath no and visualization 

tools for Microsoft Office. HiQ on Windows NT or 
Windows 95 uses ActiveX'" (OLE) for integration 
with Microsoft Office and Microsoft's OpenGL 3D 
graphics library making advanced technical calcula
tion, data visualization, and documentation solu
tions more cost-effective and simpler for technica.l 
professionals. Call for free HjQ evaluation oftware. 

aLional Instnlments, 6504 Bridge Point Pkwy., 
Austin, TX 78730; Tel: 512-794-<l100 or 800-433-
3488; Fax: 512-794-8411; e-mail: info@natinsLcom; 
http://w,,'W.natinsLcom 

National Instruments 

For More Information Circle No. 604 

(310) 783-4777 

TECH EXPO 
WWW 
EXPOSITION OF 
HI-TECH 
For buyers, sellers, re

searchers, and managers in all disciplines of engi
neering, technolog)', and science. We offer ""er 2,000 
hi-tech companies. product> &: senice. (FREE list
ings); (Wer 550 technical societies/trade associations; 
150 technical trade magazines; hot product5 show
case; 400<ategory Buyer's Guide; calendar of 3.000 
science &: teChnology conferences; technical book
fair, ~'isitor demographics. TechExpo, 4OSO pencer 

L, te. 108, Torrance. CA 90503-2442; Tel: 3]().i93-
4777; Fax: !l10-796-9300; e-mail: techexpo@techex
po.com; http://w .. w.techexpo.com 

TechExpo 
For More Information Circle No. 607 

COMPACT, 
POSITIVE 
DRIVE STAGE 
Lead screw stages 
offer zero backlash 
motion control in I, 
2, or 3 axes in a com

pact package. The stage is available with either a 
ball slide or crossed roller slide linear bearing to 
provide a smooth, friction-free interface with a 
straight line accuracy of 0.0001". The standard 
mOLOr frame size is EMA 23; other mounts and 
configurations are available. Del-Tron Precision 
Inc., 5 Trowbridge Dr., Bethel, CT 06801; Tel: 800-
245-5013; Fax: 203-778-2721; e-mail: deltron@ 
deltron.com 

Del-Tron Precision Inc. 
For More Information Circle No. 602 

1998INSTRUMENTA-
TION CATALOG 
The ational Instruments 1998 
Instrumentation Catalog fea
tures hundreds of product5 for 
computer-based measurement 
and automation. orne of the 
new products in the 1998 

Catalog include our new per line of Pel-based 
modular instrumentation products, the latest ver
sion of LabVIEW graphical programming software, 
and our IMAQ imaging and analysis software and 
hardware. ational Instruments, 6504 Bridge Point 
Pl'WV., Austin, TX 7 7SO; Tel: 800-433-3488 or 512-
794~0100; Fax: 512-794-8411; c-mail: info@ 
nadnst.com; http://www.natinsLcom 

National Instruments 

For More Information Circle No. 605 

Vektek, Inc. offers a full 
line of hydrauUc work
holding devices in their 
new 10 -page catalog. 
Rated to 5,000 psi, 
components include 
swing clamp . cylinders, 
work supports, power 
ourccs. and acccs
ories. Text highlights 

application. Vektek, Inc., PO Box 557, Elwood, 
KS 66024; Tel: 800-992-0236 or 913-365-1045; Fax: 
816-364-0471; htlP:/ www.vektek.com 

Vektek, Inc. 

For More Information Circle No. 608 



The new umitomo Metal 
Industries Product election 
Guide contains detailed chartS 
describing the basic features 
and function of a variety of 

MI image proces ing L Is. 
Whether you need convolu

tion, morphology, scan conversion, zoom and rota
tion, blob analysis, template matching, or other 
form of image proce ing, this guide helps you key 
in on the right umitomo LSI. With higher peed, 
lower co ts, and innovati\'e technology available 
either off the shelf or as a custom version, you'll 
find the MI image processor that' perfect for your 
projecl. umitomo Metals; Tel: QO.392-4447. 

Sumitomo Metals 
For More Information Circle No. 609 

FREE PC & PCM
CIA SOLUTIONS 
HANDBOOK 
Quatech's detailed hand
book covers our extensive 
line of quality communica
tion. data acquisition, and 
industrial control products 
for PCMCIA, ISA, and 
PCI. New for 1998 are 2-

and 4-port RS-232 pcr serial adapters and the 
ignalPro Series of board-level signal conditioning 

modules. Product overviews, photos, and complete 
technical specifications are provided. Quatech, 
Inc.; Tel: 8QO.553-1170; e-mail: sales@quatech.com; 
http://www.quatech.com 

Quatech, Inc. 

For More Information Circle No. 612 

NEW CAMERA 
REFERENCE 
CATALOG 
Hitachi Denshi America 
has released a new cata
log featuring its line of 
video cameras for indus
trial and scientific use . 
The catalog includes 
specifications for color, 
monochrome, progres

sive scan, line scan, and digital output cameras. 
Handy comparison charts are provided to aid in 
camera selection. Hitachi Denshi America, Ltd. , 
150 Crossways Park Dr. , Woodbury, NY 11797; Tel: 
51(:;,921-7200. 

Hitachi Denshi America, Ltd. 

For More Information Circle No. 61S 

ALGOR 
PROVIDES 
"4-WAY" INFO 
ON THE WORLD 
WIDE WEB 

A1gor's Internet place has detailed information on 
four product lines. Discover Houdini. A1gor's auto
matic CAD solid model to S-node "brick" mesh con
verter. Learn about Algor FEA and event imulation 
software for the 21st century, including case hi to
ries. Preview engineering videos, books and multi
media. See all new integrated piping/vessel/plant 
design software. Or, call for free info. Algor, Inc.: 
e-mail: info@algor.com; Internet: www.algor.com; 
Tel: 412-967-2700; Fax: 412-967-2781. 

Algor, Inc. 

For More Information Circle No. 618 

METALS & 
MATERIALS 
The all-new, 2+page Goodfellow 
Product Guide contains infor
mation on their comprehensh'e 
line of metals and materials, as 
well as details on a wide range 
of technical en;ces. Featured 
are pure metal , alloy, poly

mers, ceramic 1 composites, and honeycombs. 
Goodfellow specialize in supplying small quantities 
of metals and materials for re eaTch or prototype 
development. The company, with almost 4,000 
items in tock, also produces custom-made items. 
Goodfellow Corp., 00 Lancaster Ave., Berwyn, PA 
19312-1780; Tel: 00-821-2 70; Fax: QO.2 3-2020; e
mail: info@goo<ifellow.com; www.goodfellow.com 

Goodfellow Corporation 
For More Information Circle No. 610 

TWO BOOKS 
& CD MAKE 
LlNEARI 
NONLINEAR 
FEA EASIER! 

Finite Element 
Modeling is a text
book combining 
theory and real

world examples. CD includes search capability and 
color graphics. Linear and Nonlinear Finiu El£ment 
Analysis explores linear and nonlinear phenomena. 
APD; Tel: 800-48ALGOR; e-mail: apd@algor. 
com; www.a1gor.com/apd 

APD 

For More Information Circle No. 613 

IMAGINATION 
SYSTEMS' 
HYPERKERNEL 
Hyperkernel is the first prod
uct that enables software 
developer to implement 
real-time system applications 

that execute with Windows NT. With Hyperkemel, 
software developers can integrate highly determinis
tic real-time application programs illlo Microsoft's 
Windows NT OS. Hyperkernel enables devices such 
as robots, process controllers, and machine control 
systems to be configured as application servers on 
any standard network ystem. Imagination Systems 
Inc., 5752 Princess Anne Rd., Virginia Beach, VA 
23462; Tel: 8QO.331-2565 or 804-497 200; Fax: 804-
497-2062; http://www.imagination.com 

Imagination Systems Inc. 
For More Information Circle No. 616 

ALGOR: 
FINITE ELEMENT 
SOFTWARE 
THAT'S CAPABLE 
& EXCITING 

Algor's finite elemelll analysis and virtual engineer
ing oftware for the 21st cenrury is revolutionizing 
the way engineers solve problems. Having more 
advanced solution techniques, a friendlier inter
face, and lower cost, Algor enables you to do things 
other software can't do. To see Algor in action, ask 
for your free information. Algor; Tel: 412-967-2700; 
Fax: 412-967-2781; e-mail: info@algor.com; 
http://www.a1gor.com 

Algor 

For More Information Circle No. 619 

IMPROVED 
PNEUMATIC! 
HYDRAULIC 
PRECISION SLIDES 
Line of precision slides 
incorporating sloned hous
ings and extra mounting 
holes. ix basic izes and 
trokes to 32" available. 

Cylinder bores from 9/ 16" 
to 4". Reed & Hall switches, proximity switche , 
bumpers, cushions, and hock ab orhers. tainless 
steel, uper precision variations available; fLXed or 
movable housing configurations. Ultramation, PO 
Drawer 2042 , Waco, TX 76702; Tel: 254-772-4860; 
Fax: 254-i72-{)55 . 

Ultramation 
For More Information Circle No. 611 

AUTOMATED 
PRESSURE GAUGE 
CALIBRATION 
With full automation, pres
sure range from vacuum to 
60,000 PSI, and 0.05% accu

racy, the Automated Pressure Gauge Calibration 
System (APGCS) includes a pre sure controller 
with master pressure gauges, a manifold for easy 
connection of up to 9 slave gauges, and a fullyauto
mated data acquisition system. Windows-based soft
ware interface lets the user determine pre ure 
steps, target pressure t pressurization rales, and 
holding times. Advanced Pressure Products, 83 
Brown Rd., Ithaca, NY 14850; Tel: 8QO.APP-VALV or 
607-257-5544; www.pmiapp.com 

Advanced Pressure Products 
For More Information Circle No. 614 
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NEW KIND OF 
MULTIMEDIA 
VIDEO 
TEACHES FEA 
LESSONS 

Finite El£ment Analysis in Action! is a new kind of 
instructional video for engineers. Available on VHS 
tape or interactive, multimedia CD-ROM, the video 
packs a lot of information into a short running time 
of only 26 minutes. Live lab experiments and FEA 
analysis are conducted to show how to better use 
any YEA software. Demonstrate specific modeling 
and analysis techniques. Tel: 1-800-
482-5467; URL: http:/ / www.algor.com/apd.htrn; 
e-mail: apd@a1gor.com 

APD 

For More Information Circle No. 617 

ATACARD 
DRIVES 
Envoy Data intro
duces the ATAX 
line of ATA Card 
Drives that in
clude interfaces to 

IDE, !SA, and PCI bus. The drives come "ith a small 8 
KB software driver that installs under Windows 95 
without requiring an IRQ. A bootable unit allows 
embedded computers to boot directly from an ATA 
card. All the drives read and write to aU ATA Flash 
and Hard Drive cards. Em-oy Data; Tel: 8QO.368-6971; 
http:// envoydata.com 

Envoy Data 

For More Information Circle No. 620 
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COMPOSITE 
BEARING 
MATERIALS 
Orkot Inc. offers a full-color 
brochure on composite bear
ing materials eOl'ering a wide 
range of bearing applications 
in the marine, hydroelectric, 

and industrial industries. Our em·ironmentally 
friendly materials offer unique mechanical and 
physical properties that make it an ideal bearing 
material. Orkot* i av.Ulable in either self- or non
lubricated forms and manufactured in tube, sheet, 
and finished producL For complele specs and pric
ing, cOntaCl Orkot Inc., 2535 Prairie Rd., Eugene, 
OR 97402; Tel: 800-546-7568: Fax: 541-688-2079. 

Orkot Inc, 

For More Information Circle No, 621 

AVIONICS 
COMMUNICATIONS 
SOLUTIONS 
Request your FREE info-pack 
on Systran's complete line of 
avionics coolmlmications solu
tions. Board-level products 
include replicaled shared
memory nerwork inlerfaces, 

Fibre Channel hosl bus adapters and switches, I/O 
IP modules, and 1553 products. Suppon is a\'3ilable 
for various buses such as VMEbus, VX1bus, Sbus, 
GlO, EISA, ISA, PCI, PMC, and PCMCIA. Syst,,,n 
Corp.; Tel: 937-252-5601 or 80()'252-5601; Fax: 937-
258-2729: e-mail: info@systran.com; http://www. 
S)'Stran.com 

Systran Corp. 

For More Information Circle No. 624 

STATIC 
ELIMINATORS 
EXAIR-Ionizers improve 
static and dust removal in 
many applicalions and 
contain no radioactive ele
menL Air-delivered ions 
neutralize static and clean 
surfaces al distances to 20 
feel. Three styles, includ
ing air knife and blowgun, 

are available. Applications include web cleaning, 
pre-paint aulD body blowoff, and neutralizing plas
tic pans. EXAlR Corporation, 1250 Century Circle 

orth, Cincinnati, OH 45246: Tel: 800-903-9247; 
Fax: 513-671-3363; E-mail: techelp@exair.com; 
bttp://w'WW.exair.com 

EXAIR Corporation 

Hiram Jones Elec
tronics, Inc./ A Di
.. ision of the ea
strom Hardware 
Group manufac
tures a complete 
line of standard 
miniature and sub
miniature tenninals 
including: insulated 
test jacks, assembled 
standoffs and press
type terminals. All 
standard calalog 
items are available 

for immediate pricing and deli,·ery. Call loday for 
)'Our free 27-page catalog: 80().634-2356. 

Hiram Jones Electronics, Inc. 

For More Information Circle No. 630 

-... - MAGNETIC 
SHIELDING CABLE, 
CONDUIT 
SLEEVING & WIRE 
Free brochure details appli-

~~ cations for ~1agnetic bield's 
Imer-8 Weave Cable, Spira
Shield Flexible Conduit. CO

ETIC Braided SJeeving, 
and CO-:>IETIC AA Wire. Each product's specifica
tions are described_ All materials are in stock. 
Custom variation. are also available. Magnetic 
Shield Corporation, 740 . Thomas Dr., 
Ben em;lle, IL 60106: Tel: 63()'766-7800; Fax: 63()' 
766-2813: e-mail: shields@magnetic-shield.com; 
www.rnagnetic-shield.com 

Magnetic Shield Corporation 
For More Information Circle No. 622 

RUGGED 
MINIATURE 
SWITCH 
The Series 70 is an 
environmentally rug
ged line of lighted and 
unlighted switches. 
Wet., dusty or oily duty. 
DPDT MOM or ALT 
switch actions. Mounts 
on 0.700" cemers with 
0.880' depth. Lighted 

push buttons use T-l MFa lamps. Variety of display 
types, colors, and styles. StacoSwitch, 1139 Baker 
St., Costa Mesa, CA 92627: Tel: 714-549-3041: Fax: 
714-549-0930. 

StacoSwitch 

For More Information Circle No. 625 

REPLACEMENT 
SPECIALTY BULBS 
Bulb Direct., Inc., your one-stop 
source for specialty name-brand 
bulbs and Energizer batleries at 
competitive prices. We sell 
lamps for medical and electron
ic inslruments, A/V, photo

graphic, stage, studio, video, micrographic, and 
graphic arts. We offer. Osram, Sylvania, GE, Philips, 
Ushio, Wiko, and many olhers. NO MINIMUM 
ORDER and 2-day air delivery at no extra cost! Call 
80()'772-5267 for free catalog, technical and cross
reference information, and exceptional customer 
seT\;ce. Bulb Direct, Inc., 1 Fishers Rd., Pittsford, 
NY 14534-9511: bup:/ /www.bulbdirecl.com 

Bulb Direct, Inc. 

For More Information Circle No. 628 

FREE DRIVE 
COMPONENT 
LIBRARY 
Features over 52,400 off-the
shelf inch and metric, com
mercial and precision small 
drive components. Th~ fwe 
new catalogs include techni

cal pecifications for 0''eC 13,000 gears (0190); 7,900 
shafts, bearings, and couplings (0200); 18,300 tim
ing belt dri\'es (0210): 9,400 design components 
(0220); and Fairloc® hub fastening components 
(D24{». LOCk Dri\e Produro/ terling Instrument, 

ew Hyde Park, ;Y; Tel: 516-328-3300; Fax: 800-737-
7436; http://,,'WW.sdp-si.com 

Stock Drive Products/ 
Sterling Instrument 

For More Information Circle No. 631 

NEW 
SENSORS 
CATALOG 

'ew catalog describes 
load, force, and torque 
ensors. Gram ensoes: 

from 10 to lK grams: 
Load Cells: to 400K Ibs.; 
Load BUllons: to 50K 
Ibs.; Thru Hole Load 
Cells: to 30K Ibs.; 

'-_ ______ ---' Torque Sensors: to 50K 
in/lbs.: and Load Pins. Transducer Techniques Inc .• 
43178 Business Park Dr., Temecula, CA 92590; Tel: 
909-676-3965; Fax: 909-676-1200; e-mail; tti@uload 
cells.com; hup:/ /www.ttloadcells.com 

Transducer Techniques Inc. 

For More Information Circle No. 623 

GAS 
PERMEABILITY 
TESTER 
P1>lI's Gas Permeameter 
tests materials with per
meabilities as low as 10-10 

Darcies. The Penneameter applies a gas under 
pressure to one side of a sample. The quantity and 
rate at which the gas passes through the sample are 
calculaled from the pressure rise in the known vol
ume over a specified time. Controlled by \V'mdows· 
based software, it can operate in automated and 
manual modes; displays status of pressure \'S. time; 
and generates reports. Porous Materials. Inc., 83 
Brown Rd., Itllaca, NY 14850; Tel: 80()'TALK-PMI or 
607-257-5544: www.pmiapp.com 

Porous Materials, Inc. 
For More Information Circle No. 626 

i 
VESPEl® POLYIMIDE 

=== PARTS & SHAPES 
• DuPont Vespel® pans offer reliability 

and durability for semiconductor man-
• ufacturing. These high-performance 

components can reduce co ts through longer life 
and extended maimenance inlervals versus quartz 
and ceramics. Ve pel® pans perfonn at high tem
peratures, resist chemical attack, and exhibit supe
rior cleanliness, dimensional stability, and dielectric 
perfonnance. Applications include clamping rings 
and other "in chamber" applications, wafer han
dling and processing, and IC handling and testing. 
DuPont Engineering Polymers, Barley Mill Plaza, 
Bldg. 22, PO Box 0022, Wilmington, DE 1988()' 
0022; Tel: 800-972-7252. 

DuPont Engineering Polymers 

For More Information Circle No. 629 

- _= - FREE DESIGN AID 
TRACINOTEMPLATES Sa\'e layoul time and elimi

nate detailing with this 16 
page Template calalog. 
This catalog shows FULL 

--- IZE drawings of many 
Bo....., dJ!, ~ tooling components used 
~ @) ~ in de igoing jigs and fix-
~ JJ;!l ""'~ tures. It includes pring & 
U": _ '3!!1 ~ Ball Plungers, Nuts, Bolts, 

- - --:---- Washers, Knobs and many 
other items, all with izes and pan numbers. Also 
included will be a copy of the current catalog list
ing these and additional items, along w;th prices. 
Nonhwestem Tools, Inc., 3130 Valleywood Drive, 
Dayton, OH 45429; Tel: 937-298-9994; Fax: 937-
298-3715. 

Northwestern Tools, Inc. 

For More Inform.ation Circle No. 632 



PowerDAQTM PCI
bus data acquisi-

. ar f 
e latest and most 

implementation of the 
P pecification. They include 
he features that other PCI data 

acq. manufacturers "forgot": 
• Motorola 66 MHz on-board pro

cessor to supervise operations 
• Bus-mastering data transfer 

with scatter/ gather DMA 
• 1 MHz sample rate for 16 or 64 

analog input channels 
• Continuous, muIti-channel 

streaming to system memory 
• Simultaneous analog and digi

tal input and output 
• Clean 32-bit drivers for 

Windows 95 & Windows NT 
• DLL library supplied with each 

board (includes source code) 

Call today for your free catalog : 

(800) 829·4632 

United Electronic Industries 

10 Dexter Ave, Watertown, MA 02 172 

Tel: (6 17) 924-11 55 
Fax: (6 17) 924-1 44 1 

internet: www.ueidaq.com 
E-mail: sales@ueidaq.com 

For More Information Circle No. 439 

l
i=~ The industry leader in advanced 

composite training ince 19 3, 
Abaris Training offers engineer

~g;§!=1 ing-Ievel course in de ign and 
~ _ _ --.J analy is of compo ite : Intro

duction to Laminate Design, tructural Analvsis and 
Repair Design, Design and Anal i of Composite 

cructural Joints, and Compo ite rack Patching of 
Aluminum Airframes. We al 0 offer introductory
level courses and practical workshop in fabrication 
and repair. Abaris Training Resources Inc.; Tel: 00-
63 - 441; Fax: 702- 27-6599; e-mail: cn@ 
training.abaris.com; "",,w.abaris.com 

Abaris Training Resources, Inc. 

WAVE/COMPRESSION 
SPRING CATALOG 
J ust updated, Catalog #w -9SA 
contains hundreds of EW stock 
sizes of wave/compression springs 
available from LOck, including 
spring de ign formulas, materials 

guide, and typical applications. This 4o.page engi
neering/parts manual describe malley' exclush'e 
edgewinding manufacturing process. PEClAl. 

PRf 'G ARE EASY TOO! malley springs, avail
able from 3/8" to 84" in diameter, are produced by 
circlcxoiling flat wire to exact specifications involv
ing no dies or peciallOOling charges. malley teel 
Ring 0., 3 5 Gilman Ave., Wheeling, IL 60090; 
Tel: 847-537-7600; Fax: 847-537-7698; http:// 
www.ringspring.com. 

Smalley Steel Ring Co. 
For More Information Circle No. 635 

TOOLS, TOOL 
KITS, CASES 
& TEST 
EQUIPMENT 
Free 3SS-page color catalog 
features over 100 standard 
tool kit for insta llation, 
field service, and repair. 
Extensive stock case elec
tion with tool kit modifica

tion detai l . Computer test equipmen t includes 
oscillo copes, SlMM testers, EPROM te ters, bench
top test equipment, and more. Contains photos, 
descriptions, specifi cations, price breaks, index, 
and order form. pecialized Products Co.; Tel: 00-
866-5353; Fax: 00-234-8286. 

Specialized Products Co. 
For More Information Circle No. 637 

Mars T-Shirt 

Colorful rendition of Mars Pathfinder 
Superimposed dramatically on back of black 

or white shirt. Mission logo on front left. 
100% Cotton. Adult M, l, Xl, or XXl. 

(Indicate Color of shirt when ordering.) 

$14.95 .5. plus $5.00 shipping and handling. 
Mllil payment to: NASA Ttth Bnees, Dept F 

317 Machson Ave.. <w York. NY 10017 U.S.A 
For crabt card orders call (212)490-3999 

www.nasatech com 

EXPANDED HAND
BOOK FROM OMEGA 
OMEGA has announced an 
expanded and updated version of 
the Book of Books Handbook with 
more than 200 page de cribing 
technical, engineering, and elec
tronks books and videos available 

from OMEGA. The updated handbook covers 16 sub
jects ".;th books from 15 leading publishers, includ
ing profe ional societies such as IEEE and ASME. 
Also featured are industry tandards with topics rang
ing from energy conservation, to 'OMEGA Oassics' 
such a TtmptTature Mtasurtmtnt in Enginetring. 
OMEGA Engineering, Inc.; Tel: 00.848-4271 and 
requ t Document #309995. 

OMEGA Engineering, Inc. 

For More Information Circle No. 634 

THE SOURCE 
FOR 
ELECTRONIC & 
MECHANICAL 
HARDWARE 
eastrom lakes pride 

in offering one of the 
widest electio n s of 
standard electronic 
an d assembly hard
ware avai lable from 
tock. Seastrom's 66-A 

Catalog provides a complete source for over 
45,000 products. For a free 55o.page catalog, call 
800-634-2356. 

Seastrom Manufacturing Co. Inc. 

For More Information Circle No. 636 

VLSI 
INTERCONNECTION 
SPECIALISTS 
I ronwood Electronics pro
duce a range of interconnect 
olution including hundreds 

of prototyping adapters, test 
probe adapters, programming 
adapters, and o ther intercon

nect devices. For fully com pliant surface moun l 
interconnect test adapters, we offer a wide selection 
of high-quali ty so lutions. We also bave custom 
design services for unique solutions in packaging. 
Ironwood Electronics, PO Box 21151, SL Paul, MN 
55121; Tel: 612-452- ]00; Fax: 612-452- 400; 
www.ironwoodelectronics.com 

Ironwood Electronics 

For More Information Circle No. 638 

FUll-Color Poster! 

One of the 
Nubble S p ace 

T e lescop e's 
mos t Inc r e dible 
discoveries -

the b l rth of s tars 
700 0 light y e ars 
fro m Earth - Is 
now captured In 

a gorge ous 
Ilrnlte d -edltion 

w al l poster . 

Only $7 .95 each plus $5.00 for 
shippIng ( in tube). 

NY r eside n ts a dd sales tax to total . 

Mall payment to: 
Assoc. B u s iness Publications, D ept. F . 
~ I 7 M a dison Ave .. NY. NY J 00 17 . 

C re dit card orders call (21 2) 490-~999 . 
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@ DLS Sizing of Particles in 
Hanging Liquid Drops 

A report de cribe an advanced fiber
optic d namic-light- cattering (DL ) 
probe and experiments in which the 
probe was u ed to measure, noninva
sivel ,the izes of bovine erum albu-

min protein molecule and pol ' tyrene 
latex colloidal particle upended in 
small hanging liquid drop. The e 
experiments were performed to verify 
and demon trate an emerging capabil
ity to u e DL to acquire quantitative 
information on the nucleation and 
growth of protein molecule in real 

98 

A smaller, 
lighter, 
and more 
powerful 
capacitor. 

EVANS 
The Evans Capacitor Company 
P. O. Box 14158 
East Providence, RI 02914-0158 
(401) 434-5600 Fax (401) 434-6908 
www.evanscap.com 

The new Evans 
Hybrid® is an 
electrolytic
electrochemical 

3-125v 
20-1009 

capacitor with incredible properties: 

• As little as 1/10 the volume of 
aluminum electrolytics 

• 1/2 the weight of aluminum 
electrolytics 

In two design styles, a hermetic tan
talum package and a polypropylene 
package, Evans Hybrids are excellent for 
avionics, power suppl ies, power filtering, 
communications, weapons systems, 
medical applications, auto auxiliary 
systems and many very special uses. 

Hybrids are designed and manufactured 
by the Evans Capacitor Company, 
known for the Capattery®, the world's 
leading electrochemical capacitor. 

For More Information Circle No. 440 

time in automated hanging-drop pro
tein-growth apparatu e . 

This work wa done by Rafat R . Ansari 
of Case Western Reserve University and 
Kwang I. uh of the ational Research 
Council fOT Lewis Research Center. To 
obtain a copy of the report, "Siz.ing of 
Colloidal Particles and Protein Molecules 
in a Hanging Fluid Drop," access the 
Technical upport Package (TSP) free on
line at www.nasatech.com under the 
Physical ciences category, or circle no. 111 
on the TSP Order Card in this issue to 
1t!ceive a copy by mail ( 5 charge). 

Inquiries concerning rights for the com
mercial use of this invention should be 
addressed to :ASA Lewis Re earch Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent tatus, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-16515. 

@ X-Ray-Based Strain 
Measurements at High 
Temperatures 

A report di cus es a method of non
contact exten ometry of objects in hot 
or otherwi e ho tile environments by 
use of focusing and scanning of x rays. 
The method was reported in two previ
ous article in NASA Tech Briefs; "X-Ray 
Measurements of Displacements in 
Ho tile Environments" (LEW-15905), 
Vol. 19, o. 6 aune 1995), page 18a 
and "Progre in X-Ray-Ba ed Dis
placement and Strain Measurements" 
(LEW-16001), Vol. 20, 0.10 (October 
1996), page lOa. 

This work was done by Howard A. 
Canistraro, Eric H. Jordan, and Douglas 
M. Pease of the University of Connecticut 
for Lewis Research Center. To obtain a 
copy of the report, "High Resolution X-Ray 
Based Strain Measurements for Hostile 
Environments," access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com. under the Physical 
Sciences category, or circle no. 166 on the 
TSP Order Card in this issue to receive a 
copy by mail ( 5 charge). 

Inquiries concerning rights for the com
mercial use of this invention should be 
addressed to :ASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-1651O. 

A5A Tech Briefs, December 1997 



Ne,w-LOJjJOisk 

Nema oft, a subsidiary of 
Nemalron Corp., Ann Arbor. MI. 
has released OpenConlrol"" version 
4.1 machine control software Lhat 
features a new software developer's 
toolkit. additional device dri\'er 
interfaces, Windows NT crash 
detection. and radio frequency tag 
support. Other enhancements 
include bit manipu.lation of word 
data types and string manipulation. 

For More Information Circle No. 715 

ForReview 3.3 view and mark-up 
software from Allegria Software. 
Laguna Hills. CA. supports leading 
CAD systems, file formats. and doc
ument management systems. It 
aliows access, review. mark-up. and 
printing of documents Lhrough a 
heterogeneous computing emiron
ment. An optional 3D Solid Model 
feature provides support for stere
oliLhography file formats. 

For More Information Circle No. 716 

Materialise, Ann Arbor, MI. offers 
Magics RP 4.2 rapid prototyping 
software Lhat starts with IGES or 
STL files and prepares parts for Lhe 
rapid protot)'ping machine. For use 
with Windows 95/ T and WindOl"S 

T for DEC Alpha and ilicon 
Graphics. the program includes 
repair tools. ,isualization and mea
suring tools. and editing. slicing, 
and nesting features. 

Expert Graphics. Atlanta. GA, has 
relea ed IL"View 97 and RxHigh
light 97 vie"ing, plotting, and red
lining software for documents. 
images. and CAD files. Enhance
ments include 32-bit technology. as 
well as support for Lhe I ntemet and 
AutoCAD R14. Other features 
include more file filler;. enJlanced 
printing. and compatibility with 
Windows 95/1\'T /3.1. 

For More Information Cirde No. 718 

NASA Tech Briefs. December 1997 

ExpertEASE manufacturing stan
dards development software from 
EASE. Mission Viejo. CA, is a rules
based program for development of 
manufacturing standards. U er 
ha\'e ti,e option of developing a pre
determined path to any piece of 
standard data exi ling in Lhe EASE 
knowledge base. 

For More Information Circle No. 719 

Version 10 of E PRIT CAM soft
ware from DP Tecbnology, 
Camarillo, CA. was de igned for 
handling 3D machining. advanced 
milling. and multiple-axis turning 
operations. Running on Windows 
NT and HP and Sun UNIX plat
forms. Lhe sofrware fealures simulta
neous five-axis machining capabili
ties for multi-surface machining 
and Z-Ievel macbining functionality. 

For More Information Circle No. 720 

Toolbox/SE version 4.0 for 
olidWorks 97 and Solid Works 

97Plus design automation software 
(rom imlogic, 1':ashua, NH, runs 
entirely "ithin SolidWorks 10 auto
mate and streamline frequently 
u ed taSks. Enhancements include 
solid thread for bolts and screws. a 
groove feature, support for hole 
and hardware in assemblies, and 
configuration .. ilards. 

for More Information Circle No. 722 

Coreco, St. Laurent, Quebec. 
Canada. has released Dimen ionPro 
gauging software for indu trial mea
urement application. Features 

include camera calibration. mea
urement initiated b\ an enernal 

e\·ent. image acqui ition and 
enhancement. subpixel accuracy. 
preadsheet measurement analysis, 

and measurement annotation. It 
runs on Windows 95/~ operating 
S)'Slems. 

For More Information Cirde No. 721 

iITRlMal1.[Q)c:K ® INC. 

if you have an edge ... we have a trim! 

For over 25 years, ~-:::::::::==::::::::::-'~ trim 1 

the leader in 
flexible plastic 

II and rubber 
extrusions! 

e-mail: trimlok@deltanet.com 

call 
toll-free 

714-562-0500 fax 714-562-0600 

6855 Hermosa Circle Buena Park, Ca 90622-6180 
For More Information Circle No. 441 

Providing fitting solutions 
for your toughest 
sealing problems 

It's the practical and efficient 
solution where sealing 
difficulties exist. 

Weather. Water· NOise • Heal/Cold 
Ught/Darll • PressureJVacuum • Chemicals 

Radiation · Contaminants • Interference 
We customize to your needs where a positive seal is required 
between opposing surfaces. Call or write for design assistance. 
Illustrated literature available. 

JJ..SE~F~T~~~!~H~~~!!~~~~N 
368 MARTINEl DRIVE · KENT. OH 44240-4368 USA 
(330) 673-8410 · FAX (330) 673-8242 
E-Mail: info@sealmaster.c:om • www.sealmaster.c:om 
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Custom , dynamic, flexible, 
long-lived, reliable, Servometer 
electrodeposiled nickel bellows and 
bellows assemblies can solve your ~=~ 
sealing, sensing, or expansion 
problems. OD's as small as 0.040 
inchesj wall thicknesses as thin as 
0.0003 inches. Leak tight to 1 x 10-9 

ccHe/sec. 

Call us today. Special designs will be promptly quoted. 

SeRVDMeT8R® 
501 Little Falls Road 
Cedar Grove, NJ 07009 

Fax (USA): (800) 785-0756 
Fax: (973) 785-0756 
Tel: (973) 785-4630 
www.servometer.com 

For More Information Circle No. 443 

A great ALTERNATIVE source for 
your new and existing APPLICATIONS 

A New Addition To 
Our Coupling Family 
• W. M. Berg's new single beam 
coupling is a natural product 
extension of our already popular 
three and six beam coupling fami
ly. This coupling is a further exam
ple of Berg's commitment to being 
a One-Stop-Shopping Center. 
Other couplings offered include 
three and six beam, oldham, bel
lows, spider. universal lateral. 

We can deliver and slack for your needs. Cal /or. free 
IfICh (897) or metnc (M97) Catalog, Produd 8uBelr1s or 
• Special OuoIe Q'I your scheduled rJelvery needs. 

TEL: 1·800·232·BERG 
FAX: 1·800·455·BERG 
Web Address www.wmberg.com 

wafer spring and flex-thane. 

A Great Set Of Specs 
• Single beam couplings have 
bore sizes ranging from 3132" to 
1" and have max. wor1<ing torques 
from 1.5 to 1 ()() 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 

499 Ocean Averue, East Rockaway. NY 11518 

100 For More Information Circle No. 444 

Newl~'y,ket 

Parker Hannifin Corp. . Compu
motor Div., Rohnen Park, CA, has 
introduced the NeoMetric Series of 
brusbless servo motors available in 
70-mm. 92-mm, and size 34 frame 
sizes. They feature continuous torque 
output from 6 to 62 lb-in. and utilize 
neodymium magnets. Hall effect. 
1,000 line encoder, and resolver feed
back option are available. 

For More Information Circle No. 700 

Network Technologies. Aurora, OH, 
offers the ST-8U multi-platform 
server switch that enable one user to 
access a combination of eight PC. 
Sun. and Macintosh computers. The 
s,';tch has a find feature to locate 
attached computers. After the com
puters are booted without keyboards 
and mke attached, PC, Sun. or 
Macintosh devices can be hot
plugged to operate the computers. 

The CompuScope 1016A/D conver
sion board from Gage Applied 

ciences. South Burlington , VT, 
sample at peeds of 10 MSPS while 
maintaining an 5 dB purious Free 
Dynamk Range. The IBM-compati
ble. lSA bus card can perform 16-bit 
A/ D conversion on one channel 
with a bandwidth of 5 MHz. 
Features include up to eight million 
samples of on-board memory, a mul
tiple record mode. and free 
Gage cope software . 

For More Information Circle No. 701 

A"con, Woodland Hills, CA, has 
released a range of linear electric 
motors with trokes of up to six inch
es possible on the low end of the 
range and 16 inches at the upper 
end. The one-moving-part linear 
actuators prO\ide force levels in the 
range of 40 to 2.200 pounds. The 
motors are available with a controller 
and power supply unit to plug into a 
110 VAC power supply. 

For More Information Circle No. 711 

terns Corp .• Valencia. CA, has 
announced the lA-5000 tereolithog
raphy tern for rapid proto typing 
and tooling. The system features a 
solid- tate ultraviolet laser to produce 
0.05 mm layer thic.kness for many 
geometries used in detailed parts of 
computer housings, tooling and cast
ings. and electronic chassi . Windows 

buildstation oftware is included_ 

National Instruments, Austin. TX. 
offers the E Series PCI data acquisi
tion boards featuring bus mastering 
for high throughput across the PCI 
bus. The PCI-6071 E is a 12-bit, 1.25 
MS/ multifunction plug-in board 
with 64 analog input channel and 
two 12-bit analog Output channels; 
the PCI-6031 E. PCI-6032E. and PCI-
6033E are 16-bit, 100kS/ s plug-in 
boards with 64, 16. and 64 channels, 
respectively. All boards feature two 
24-bit, 20 MHz counter-timers and 
eight digitall/O lines. 

For More Information Circle No. 106 

Eagle tainless Tube Corp .• Franklin , 
MA, offers a range of miniature to 
large precision machined parts "ith 
diame ters from 0.040" to 1.5". 
Threads. slots. external/internal 
hexes, and tapered parts flat on one 
side can be machined from tainless 
slee l, aluminum, Litanium, Monel- , 

Inconel • brass, or plastics. 
for More Information Circle No. 708 
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New ·OQ.t~~WYlarket 

handheld thermal 
imaging systems from lnframeuics, 

orth Billerica, MA, are focal plane 
array radiometers Ihat include a 
multi-<:olor isotherm mode, Auto

pOI measurement mode, an inte
grated 3" color LCD di~play, and stor- I 

age of up to 4{)0 images on a single 
80 1\18 FLASH PC!lICL'. c-.rrd. The 
units weigh 3.7 pounds and operate 
for more Ulan two hOllrs on a single 
camcorder battery. 

For Mo .... Information Clrde No. 707 

The FW Series phase monitors from 
Grouzet Corp., Carrollton. TX. pro
tect against phase loss. reversal, and 
imbalance as well as low voltage con
ditions in three-phase power disuibu
tion S} tems. Feamres include a 48 
mm 01 -rail mount/surface mount 
enclosure, LED power-on and relay 
OUlput statU indicators, and OPOT
lOA outpUt relay. 

The GY-2120 orr digitallape drive 
from Sony Electroni, Park Ridg .. , 
l'{J, is a one-piece unil b,t~ed un the 
compan)"s Digital Betacam' technol
og\'. Features include Adaptive 
Lo I Data Compre-,ioll. automat
ic alignment. and an intelligent 
unloading S} tern. The unit has a 
Iran fer rate of 12 !liB I <>ec and stor
age c-dpaol\' 10 42 GB of lIncom
pressed data on a <ingle casselle. 

For More Information Orde No. 703 

es and sensors i available from 
Aerod)ne Control Corp., Ronkon
koma, N'r, The switches are emiron
mentally or bermeticall)' sealed. 

nsitivities are available from frac
tions of a gram to thousandths of a I 

gram in damped and undamped, 
momentarY, normally open, and nor
mally closed configurations. 

For More Information Orda No. 712 

Bart..sdalc, Lo Angele>, CA, offers 
the eries 420X pressure transducers 
and transmillers in stainless steel 
NEMA4 '. 7,gexpJosion-proofhous
ings. The Serie 423X is a 5-volt trans
ducer. the Series 426X is a IO-volt 
transducer; and the Serics 425X is a 
20 rnA transmiuer. All operdte in 
proc pressure ranges from 0-15 
p ia and 0-J 0,000 psig. 

For Mor. Information Clrde No. 710 

introduced the 
WOIk.~LaUon famih of \\ ,"dow, IT
ba.sed PC workstations featuring sy". 
lem arcbitecture built on the 
P ntium U 440LX AGP"'t. Features 
include HP tJltraFLOW, a cooling 
sy tern that mainlaJll critical compo
nents "ithin pedfied operating tem
peratures, and liP TopTool OM! 
managememsofl"-are. TIlt' Ka~-ak XA 
is for compute-intensive application 
like CAD; the Kayak XU i for infor
mation-intern h'e applications such as 
20 mechanical de Ign; and the Kayak 

Ferrous component parts from 
Phillips Plastics Corp., . fenomonie , 
WI , are powder metal moldt-d using 
Metal Injection !llolding ( !1m!) tech
nology. Pans are produced to fin
i hed dimen ions and sintered to 

near theoretical densities. A variet\' 
of materials is a\-ailable, including 
316L stainless steel, 17-4 PH stainle , 
and iron-nickel steeb. 

I XW is for 3D tasks such as real-time 
modeling and visttallzation. 

For More Information Circle No. 704 For More Information Clrde No. 747 
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',' .World's Fastest 
I ",_ 

'16 Bit AID Cards 

• 
• 

CompuScope 1016!! 

16 Bit Resolution 
Up to 10 MSPS Sampling 
85 dB SFDR 
Up to 8 Meg Memory 

Many Other Models Available 

aGe! Call 1-800-567-GAGE 
4 2 4 3 

Ask for extension 3405 

1233 ShelbUrne Road, Suite 400, South Burlington, VT 05403 
Tel: 1-800-567-4243, Fax: 1-800-780·8411 
e-mail;prodlnfoOgage·applled.com. web site: http://www.gage-applied.com 
auc.dI U S oontat't aav- at 2000. 32nd "......ue t..chne Monrtllll OC. c.n.dl. H8T3K7 T •. 5'4-633-7447 Fa..: SI4-63:W117O 

For More Information Circle No. 445 

HIGH VOLTAGE DEVICES 
208V TO 900KV 

HV RELAYS 
1KYTO 300I(V 

E4G-NC- ECI2·NC-
40KY PI( TEST 12KV PK TEST 

Hi-ze POWER CLASS 
VOLTMETERS 

SOY TO 100KV FOR UNDERGROUND 
AND OVERHEAD L·G, L·L AND PHASING 

WIDEBAND HV DIVIDERS 

IKVTO 9OOKV, DC·1OMHz 

VD12<H1.2·A· 
120KY PK OPERATE 

FIBER OPTIC 
ISOLATION OPTIONAL 

HV PROBES 

1KVTO 400KV DC, PK AC 
WlOEBAND DC-l0MH. 

DYM 

t:';:: 
£ ..... -- FOR DVM'S VMD2A 

• OSCILLOSCOPES 10uY·tOOOV 

VMP200-7.&-. 200KII PK OPERATE ~~~ 

VACUUM I VACUUM WE ALSO MAKE 
CONTACTORS CIRCUIT BREAKERS -HIGH CURRENT SWITCHES 

208YTO 300KV AC OR DC. 208YTO 38I(V 2001. TO 12001. -HV ROTARY SWITCHES 
SOA TO 12001. CONTINUOUS, 20001. TO 2800001. IIiTERRUPT -HV DIGITAlliULTIIoIETERS 

tOA DC TO 28000A AC I.C. 
'HV SPARK GAPS 112·1 CYCLE 

2·4 MILUSEC TRIP AND 'TOROIDS, SPHERES. 
CLOSE DR INTERRUPT CORONA SHIELDS & NUTS OPEN 

-PERSONAL GROUNDING 
HB-204-N()' RODS 

200KII PK HC3-75-11G- 'RSER OPTIC & COAXIAl 
TEST 1200AMP ISKY CLASS 

CABLE DRIVERS 

We design and manufacture a WIde vanety of High Voltage devIces that are 
used world wide. Call us at 408-3n-4621 . lax: 408-3n-S182. 
World Wide Web: http://home.navisoltcomlrossenglneenng, 
E-mail: rosseng@aol.com (S) -ROSS ENGINEERING CORP. 

, 540 Wes1d>e5Iar Dmm. ~. C.h1ornI8 9500B .~ PHONE (408)377·4621 • FAX (408)377·5182 

01997 REG 
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It doesn't take a rocket 
scientist to control noise. 

No oHense. 

ill bruck's family of SONEX products is setting new 
standards, with completely FIBER-FREE acoustical 
solutions in exclusively CLASS 1 materials. Our new 
and improved SONEX combines exceptional absorption 
properties with Class 1 firErresistant materials for the safest 
environment. You' ll get peace of mind, as well as peace 
and quiet. Send today for a free brochure. 

13- illbruck 
Minneapolis, Minnesota 

1·800·662·0032 
(612) 520·3620 

For More Information Circle No. 447 

The Technology Connection 
To Advertise Call (800) 944-NASA 

Why Weld? Use stock, modular 
framing to build projects quickly. 

Bases - Workstations -Guards 
Get Free 148 page catalog. 
"iit l'!. MimTec Bloomfield, NY 

Call : 800 642-6446 
In NYS: 716657-6151 

tC.4JI Job 

CAD/CAM Job Listings 
Pro/ENGINEER - www.pejn.com 

Unigraphics - www.ugjn.com 
SolidWorks - www.swjn.com 

I-DEAS - www.ideasjn.com 
CATIA - www.catjn.com 

free to job-seekers:$1 00 for employers 

tors Ma 

"How To Offer Your 
Invention For Sale." 

We have helped hundreds of inven· 
tors ond showed them how 10 offer 
their inventions for sole 10 businesses 
011 c:Hef the world. No cost. Free 
Information. 

Call 1-800-537-1133. Kessler 
Sales Corp., C-47-7, Fremont, 
Ohio 43420_ 

Astr()-~led. West Warwick, Rl, offers a 
ten-page brochure de cribing the 
Dash field and lab recorder. The 
unit records and displa) eight chan
nels of real-time data, including volt
age, current, temperature, train, 
pressure, and motion. 

ASSEMBLY 100lS 

Gardner-Denver assembly tools are 
described in a 72-page catalog from 
Cooper Power Tools, Lexington, C. 
Pulse nutsetters, screwdrivers, nutset
ters, ratchet wrenches, instrumented 
screwdrivers and nutsetters, and fixture 
mounted screwdrive~ are featured. 

For More Information Circle No. 732 

are described in a brochure from 
DALSA, Waterloo, Ontario, Canada. 
Featured is information on line scan 
teChnology, area scan technology, 
and connectivity compatibility. 

For More Information Circle No. 726 

An eight-page brochure from EAO 
Switch Corp., Milford, cr, describes 
switching products such as pushbut
ton, keylock, rotary, and toggle 
s\\~tches . Keypads. /lush panel 
mounting models, and multiple 
switch assemblies also are fearured. 

For More Information Circle No. 730 

A 30-page brochure describing 
DC/DC converters is available from 
TDK Corp. of America. Mt. Prospect, 
fL. Isolated and non-isolated, gener
al-purpose, telecom-specific, and 
LCD bias com'eners are among 600 
standard models offered . 

For More Information Circle No. 128 

102 www.nasalech.com 

four-page brochure describing mass 
storage products. Included are Easy
Plug Easy-Go notebook hard drive 
upgrades, Eclipse CD server lOwe~ 
for networks, and Easy Move data 
transfer and external hard drive kits 
for notebooks. 

For More Information Circle No. 729 

I-Bus, San Diego, CA, offers a 68-page 
catalog of computer platform prod
ucts, including passi\'e backplane CPU 
boards, system enclosures. rack mount 
display products, and fault tolerant 
platform. Also described are system 
component and integration services. 

For More Information Ci rcle No. 731 

Tinius Olsen Testing Machine, 
Willow Grove, PA, has released a six
page brochure describing materials 
testing equipment ror determining 
mechanical propertie of metals, 
plastics, compo ites, and other mate
rials. Universal testing machines, 
melt indexers, impact te ters, and 
tensile testers are included. 

Jensen Tools, Phoenix, AZ, has 
released its 1997-1998 master catalog 
of tool kits and test instruments. 
Included are electronics installation 
and maintenance tool kits, testers, 
probe, meters, analyzers, function 
generators, and universal counters. 

For More Information Circle No. 727 
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Easy to use 
Reliable 
Flexible 

Customized 

For More Information Circle No. 580 

Test 
and Measurement 
Just because your budget is limited 
doesn't mean your leSt equipment has to be 
limited, too. By leveraging teclmoJogy from 
HP's high-performance instruments. the 
HP Basic Instruments coUection offers tools 
that fll your budget without compromising 
quality. You'U find aU the fundamentals, 
from power supplies to DMMs to scopes. 
Hewlett-Packard Co., (800) 4524844, 
Ext. 1832. 

rk~ HEWLETT 
aa::. PACKARD 

For More Information Circle No. 583 

OFFICIAL NASA VECTOR CAPS I 
Saiking red, while, and blue official ASA logo on quali!)' 
while poplin cap. Only U . $9.95 eoch! Siz.MdjusctbJe. 
PIcue send insen quami!)') ASA caps. 
Add '!upping and handling cIurgcs: 
55.00 per order (U.S.) 
T 0121 enclosed (U.S. S only): 

Name 

Add=> 
Ci!)' _____________ _ 

S12[o ______ Zip _______ _ 

Mail payment to: Associared Business Publications, 
Depr. F, 317 Madison Ave., ew York, Y 

10017. Formdircard ortkrs caD (212) 490-3999. 

FREE! 

130 
Page 

Catalog 

"Optics 
for 

(13 Industry" _ ... ---
Free 130 page product catalog from Rolyn, world's 
largest supplier of "Off-the Shelf" optiCS. 24-hour 
delivery of simple or compound lenses, filters. 
prisms, mirrors, beamsplltters, reticles, objectives, 
eyepieces, plU5 thousands of other stock items. 
Rolyn also supplies custom products and coatings in 
prototype or production quantities. ROL YN OPTICS 
Co .• 706 Arrowgrand Circle, CovlOa, CA 91722-
2199, (626)915-5707, FAX (626)915-1379 

For More Information Circle No. 581 

ARE YOU STILL TRYING 
TO MEASURE VERY THIN 
GAPS THE HARD WAY? 

Capacitec HPS Series of thin (back to 
back) sensors can measure gaps as 
small as 0.0085" (.22mm) inboard 84" 
(2133.Smm) with accuracies of 0.0003" 
(7.S,.m), without scratching delicate 
surfaces. 

~Capacitec 
P.O. Box 819, 87 Fitchburg Rd ., Ayer, MA 01432 U.S.A. 
Tel. (978) 772-6033 . Fax (978) 772-6036 

For More Information Circle No. 584 

• Real-Time Seri.1 Data into Any Application - Excel. 
VB. Guattro. lotus. Access. Stal software. etc. 

• Full data acquisition and instrument control. 
• Risk free 90 day. money-back guarantee. 

Now Windows. DOS. NT & 
Windows 95 applications ---

TAL TECIL'<OLOCfES. IJ\C. 
2027 Wallace SL. Phil.dolph ... PA 19130 
Tel,2151763-7'JOO F'aJc 215/763·9711 
£.moil: lall@Ulteth.com 
Home page: http1M'W.lalleCh.com 

---

Create bricA-l'.'all /illerJ lik~ thil wllh 1M nn." 
DSC board from Micros/or I..oboratori ... 

• 16-Bit Data Acqui~ition 
Programmable Filtering 
Wide Cut-Off Range 
2MB Onboard Buffer 
8 Simultaneous Inputs 
DASYLab. LabVIEW 
HPVEE. etc 
DLL for Windows 

MrCROSTAR 

LABORATORIES.) 
88 f TARLABS (8SS 67g.2752) 

For More Information Circle No. 585 

,.~CUI STACK 

Turn on the newest line of toggla and push ,wltches that can withstand 

electrostatic discharge ovar 20KV per IEC pub 8014. Designed for Signal 

or very low power switching. Use with confidence In communication., 

medical eqUipment, applied wireless devices. measuring instruments and 

O/A equipment. Featu",s include: 

• Grease free mechanism 
• Clip Contact mechanism for dry circuit apps 
• Immersion washable 
• Standard indine pitch 2.S4mm 
• Rating - Max 100MA 0 60V ACIDC Min 0.5 MA 0 20mV AC/DC 

Price; 1oopc. - 51.80. Whan you want to know what's naw call us. 

Quick Quota: 1.800.275.4899 

FAX; 1.503.643.6129 

Web Site; www.culstack.com 

For More Information Circle No. 586 
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DISCOVER THE REALITY OF 

S I M U LA T ION D R I V END E S I G N™ 

VISUALIZE 
how changes affect performance interactively 

REFINE 
your product design quickly 

MOVE 
your product to market confidently 

US: Tel: 319-626-6700 • Fax: 319-626-3488 
http://www.cadsi.com 

For More Information Circle No. 530 



Read In analyze and output 
your data with the click of a 
mouse vllth IDL InSight 

Visualize your data with 

IDLe, the Inuractivt Data 

Languagt, and see results in a 

whole new way. 

IDL software's array-oriented 

architecture is designed for 

high-performance processing 

of large, complex data. That's 

why it's the standard in the 

Easily create amazing graph- world's preeminent medical, 

ics with IDL software's military, engineering & sci-

accelerated 3D system. Want ence organizations. IDL is so 

to spin or fly-through a efficient that a few lines of 

surface? 0 problem. Shade IDL can do the job of hun-

and illuminate with multiple dreds of lines of C or Fortran. 

light sources' And, its object-oriented 

system lets you develop 

sophisticated applications 

1 ..... ~ .. 1n~tlll11.)I] 2& from reusable code modules. 

Connect to your relalional database with the IDL DataMlner 
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