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o Parallel Port 

o PCMCIA 

o POXT/AT Bus o Signal Conditioning 

All the Right Answers for Your PC Data Acquisition Systems 
Plug-In Boards 
Our data acquisition (DAQ) solutions feature products 
for PC/XT/AT, EISA, PS/2, PCMCIA, and parallel port. 
Innovations indude an instrumentation amplifier that 
settles so fast that accuracy is maintained at all gains 
and sampling rates, antialiasing filters that cut off at 
the rate of 90 dB in one-sixth octave, and integrated 
multiboard synchronization with our RTSI«> bus. 

Signal Conditioning 
The National Instruments SCXI system is a high
performance, multichannel signal conditioning and 

Windows, and Windows NT, which is shipped with all 
our PC DAQ boards, is like a DAQ operating system, 
with routines for most programming languages, 
induding Visual Basic custom controls. 

Graphical User Interfaces 
We pioneered the use of graphical user interfaces for 
instrumentation software and remain the leader in 
this technology with our LabVIE and LabWindows«> 
application software products. 

Call for your signal routing front-end system. 
~NATIONAL FREE DAQ Designer 
... , • (800) 433-3488 Driver Software 

Our NI-DAQ«> driver software for DOS, 
See us at ISA, Booth 1311 
See us at Technology 2004 

• INSTRUMENTS (U.s. and Canada) 
~ The Software is the h1Stromen~ 
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Laser power converters designed by Technology 
2004 exhibitor Spire Corporation convert approxi
mately one watt of laser power into electrical 
power with up to 60 percent efficiency. Similar in 
operation to high efficiency solar cells, the units 
are designed for specific wavelengths correspond
ing to commonly available lasers. For more infor
mation on these and other innovative technologies 
see the Exhibits Preview beginning on page 10. 

Photo courtesy Spire Corporation 
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The CY-ASP is the fastest digital data stor
age solution on the market, able to store up 
to 70 GB at speeds of up to 200 MB per min
ute, unattended. 

But there's more. 
The fastest subsystem is also the most 

flexible, giving you a choice of four record
ing modes plus offline copy and verify 
functions. 

In Single Mode the drives operate 
independently. 

In Cascade Mode data automatically 
writes to the next tape once the previous 
tape is full . 

In Mimmng Mode the same data 
write to multiple tapes Simultaneously. 

In Striping Mode data writes to two or 
more tapes at once, maximizing throughput. 

Consider it a data storage management 
tool, a solution that will help you solve the 
problems you encounter every day: the 
need for higher capacity and speed, the 
need to make duplicate tape for off-site 
storage and data exchange, the need for 
real-time status information, and the need to 
save resources and boost productivity on 
every leveL 

BOT 10. 
2500 KB/ s 013. 

Of course, we also know that a storage 
solution is only as good as the data you get 
back. With a bit error rate of less than 1 in 
1017 bits read, the CY-ASP gives you the 
highest data integrity. 

Based on proven 8mm helical scan 
technology, each drive supports our switch
selectable data compression option. And 
each drive features a 2-line, 40-column back
lit display that gives complete status informa
tion. 

Backed by a two year warranty that in
cludes expert service and support from our 
in-house engineering group, the CY-ASP is 
setting the pace in performance, flexibility 
and value. 

Other configurations are available, rang
ing from a 2.5 GB subsystem to an intelli
gent, automated 3 TB tape library. And 
they're all compatible with the widest range 
of computer systems and networks. 

When you're ready for a data storage 
solution that means business, call for 
complete information. 

(804) 873-9000 

Rock Landing Corpor.tte Center • 11846 Rock Landing • Newpo<t News, VA 23606 • Fax: (804) 87}8836 

For More Information Write In No. 504 



Vespel® parts can 
handle some of 

the to est jobs. 
epayingfor 

themselves. 

Everyone knows that Vespel* polyimide parts 
improve performance in severe service applica
tions by withstanding extreme heat, friction, 
pressure and contamination - with minimal 
or no lubrication. But now manufacturers 
who use Vespel parts in general applica
tions are beginning to notice improvements 

somewhere else: the bottom line. That's because 
the reliability and long life of Vespel parts can 
make them the most cost-effective choice for 
general applications in the long term. 

If your applications require parts that can 
withstand extreme temperatures (-3500P to 5500 P), 
Vespel should be your first choice. Vespel should 



Insulators. In plasma-arc 
cut/ing torches, Vespel 
insulators provide 

superior strength and dllrability 
at high temperarures up to 
550'F, lasting up to six 
rimes /oliger than 
fragile ceramic 
insulators. 

Bearings. 
III photocopiers, 
Vespel composite 

idler gear hub bushings are 
a cost-effective alternative 
to metal. The Vespel pans 
provide ultra-high 
temperalllre resistallCe and 
dimellSional stability while 
offering a low coefficient of 
friction, as well as long life 
without lubrication 

Bushings. 
III aircraft 
engine 

vanes, Vespe/ 
bushings withstano 
high-frequel!cy 
vibration dithering 
and offer excellelll 
stability alld lubricity 
at high temperatures. They also reduce assembly time. 

also be considered if you have parts that 
rub together, if metal parts are too noisy, 
or if fluid flow needs to be controlled. 

Superior strength and reliability 
aren't the only ways Ve pel can save you 
money. Often, you can con olidate two 
or more existing parts in one Vespel piece. 

~ 
Seal Rings. In the assembly 
of automobile trallsmissions, Vespel 
seal rings reduce co IS by replacing 

expensive metal rings, which call fraclllre or 
defonn during assembly. They also reduce 
warranty costs by producing a bet/er seaL 

Thrust 
Washers. 
In farm 

tractor transmissions, 
Vespelthrust washers 

reduce costs alld 
manufacturing 
time by eliminating 
theneedfor 
secondnry 

machining. 
Vespel washers 

also exhibit high 
performance ano 
low wear with limited 
or no lubrication. 

~ 
WearStrips. 
In textile equipmelll, 
Vespel tenter frame 

clip wear strips reduce costs by 
eliminating the need/or lubrication 171ey 
also improve textile manu/aclllring quality 
by eliminating oil contamination, and 
provide good wear and temperature resistance. 

IF YOU WANT TO 
GET TECHNICAL 

For Information. 
call 1-800-426-7246. 

Or write DuPont Vespel· 
Product Information 

Center, PO Box 1138. 
Bloomfield Hills. MI 

48303-1138. 

VeSper 
Only by DuPont 

And Vespel part can be direct-formed, 
which eliminates machining costs. 

When you consider how cost-effective 
Ve pel parts can be in the long term it's 
clear that we don't just make better 
bu hings, bearing, washers and seals. 
We make better sense. 

For More Information Write In No. 503 
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On the cover: 
At Technology 2004 the US Army Research Laboratory will 
highlight electronic analysiS technology such as the Thermal 
Desorption Mass Spectrometer. The device enables research
ers to probe compound semiconductor material samples to 
determine binding energies, surface reaction rates, and de
sorbed species in rapid succession at concentrated levels of 
parts per billion. Turn to the Technology 2004 Exhibits Preview 
on page 10. Photo courtesy US AAny Research lab 
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MerlinTM Mesh Enhancement Technology gives you 
the highest quality finite element mesh available 

Typical unconditioned meshes from "competitive" products 

(Algor brick element models above shown with an 85% shrink-element factor.) 

Merlin produces engineering-quality, quadrilateral surface meshes for high-accuracy plate/shell FEA or 8-node 
"brick" element generation using Hexagen (fully automatic) . Merlin enhances the mesh quality of Algor's 
modeling and design software. In addition, Merlin is included in Houdini™ which is unique software that takes 
existing or new CAD solid models and automatically creates high-accuracy, 8-node "brick" finite element models. 

Merlin technology turns a 3- or 4-node 
surface mesh or CAD solid model into 
a high quality 4-node mesh in an easy, 
one-step process. 

When the Engineering 
Has to be Right ™ 

Algor backs its software products 
with a Satisfaction Guarantee. 

Call or write for details. 

For DOS, UNIX and Windows NT 
150 Beta Drive 

Pittsburgh, PA 15238-2932 USA 
Phone: (412) 967-2700 

Fax: (412) 967-2781 
California: (714) 564-2541 

Europe (UK): +44 (784) 442 246 
Tokyo: +81 03-3589-6148 

N Trademark of Algor, Inc. 
Copyright © 1994 Algor, Inc. 



COMPUTERWAl[ 
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MAGNIFIES AND SP L ITS 
H I GH RESOLUTION 

COMPUTER IMAGES ACROSS 
MUL T IPLE MONITORS 

OR PROJECTORS 

Control room, C2
, simulation 

and multimedia applications 

Automatically synchronizes 
to raster-scan input signals 
from 31.5-80 kHz 

Inputs any workstation 
or PC imagery up to 
1280x1024 pixels 

Displays text, graphics, 
animation and full-motion 
video 

Full 24-bit color 

Real-time operation 

Compatible with all software 

Functions perfectly under 
high ambient light 

Made in the USA 

SPECTRUM® 

950 Marina Village Parkway Alameda, CA 94501 
Tel: (510) 814-7000 Fax: (510) 814-7026 

For More Information Write In No. 401 
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AMP filtered connectors drop in. 
EMI problems drop out. 

If you're tackling EMI noise problem 
with eli crete component on the pcb, 
we've got a much better idea for you. AMP 
filtered connectors provide the EM! 
answer you're looking for - and they do 
it quickel', and easier, at a lower cost. 

FR.tER 1YP£ aRTIOII LOSS' 

The e one-piece, fully integrated 
problem-solvers drop right in to tan
dard footprint - eliminating the ha sle 
and time loss of board redesign when 
you find yourself facing EM! problems 
in a finished design, or in an exi ting 
product. 

fInIII ....•................... w ... 
CI..,.fllm ........... 1 .. 31a 
CIIIp ClpaIIDr .......... .. 1 ..... dB 
CIpaclIIvI Amy 

.. fInIII .....•...... ... 1 .... 111 
Tn.'" CIpIcIIor •••••••. 21-41 a 
IIIIIrIIIIIIIII EIIImIIII •.•.•• ... til 

'typlcal ,....,.._ 01-.z. 
IiOUaylllm) 

And if you need to control costs, 
ju t add up the expense of on-board 
filtering -loose components, inventory 
co t, extra as embly step ,and lost 
board real e tate - and compare for 
yourself. Filtered vel' ions of ow' mo t 

For more information, call our Product Information Center at 1-800-522-6752 
(fax 717-986-7575). AMP, Harrisburg, PA 17105-3608. In Canada, call 905-470-4425. 

For More Information Write In No. 503 

popular connector type do a better job, 
with olid, characterized performance. 
And they can often do it at a lower 
final co t. 

We offer the broadest range of 
filtering technologie available, in the 
world' best connectors (ours) - from 
sub-D to mini-ribbon cable, mini-DiNs 
to mod jacks. We also have loose-piece 
and cable style ,and provide custom 
ervice a well. 

When you're up against EM! 
problems - or better yet, before you 
come up again t them - we can provide 
the fast, simple solution, and ave you 
money at the same time! Talk with 
yow' AMP distributor for detail ,or 
give u a calltoday. 
AMP is a trademark. 



Exhibits Preview 
Technology 2004 (November 8-10, 1994, Washington, DC convention center) will feature 80 ,000 square feet of exhibits by 
government, industry, and academia demonstrating new inventions, products, and processes available for license or sale. 
Special areas of the exhibits hall will highlight companies who have received Small Business Innovation Research (SBIR) 
grants from federal laboratories; NASA spinoffs; and photonics technology. Following is a list of this year's exhibitors. 

Aerospatiale 332 
Les Mureaux Center, France, 
will highlight its role in various European space pro
jects and exhibit new products and technologies in 
such areas as thermal protection, magnetic bearings, 
and HP filament winding. 

Ames Laboratory- US Department of Energy 554 
Ames, lA, 
will highlight advanced materials and coatings techno
logies, polymer metallurgy, quantitative NDE instru
mentation/techniques, environmental characterization 
systems, and new analytical methods. 

Applied Research Laboratory/Pennsylvania 321 
State University 
State College, PA 
This university/Navy laboratory will showcase tech
nologies including acoustics/vibration, guidance and 
control, simulation and modeling, materials and man
ufacturing, fluid dynamics, energy sources, and infor
mation systems. 

Association of American Railroads 250 
Pueblo, CO 
The Transportation Test Center is a research and test 
facility with a wide range of capabi li ties for research, 
development, and evaluation testing. 

Astro-Med Inc. 738 
West Warwick, RI, 
will exhibit high speed, high performance chart re
corders having 2 to 32 channels, real-time sample 
rates to 250 kHg, digital interface, and data capture. 

Austrian Trade Commission 231 
ew York, Y, 

provides business information for investment, interna
tional trade, and technology exchange between Austria 
and the US, while representing Austrian companies. 

Automated Precision Inc. 134 
Gaithersburg, MD, 
will feature instruments and systems for precision di
mensiona l measurement including laser interferome
ters, 3D digital scanning probes, and complete mea
suring and analyzing systems for C C machining 
centers. 

Aviation Week & Space Technology 139 
ewYork, Y 

Aviation Week Group/McGraw Hill publications 
include Aviation Week & Space Technology, World 
Aviation Directory, Business & Commercial Aviation, 
AWe ewsletters and Show News. Electronic print 
media include Aviation/Aerospace Online. 
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Ballistic Missile Defense Organization 408 
Technology Applications Program 
Washington, DC 
BMDO's Technology Applications program is respon
sible for transferring BMD-funded technologies to the 
commercial marketplace and other government agen
cies. Spinoffs with medical, electroniCS, optics, com
puter, energy, materials, environmental, and manufac
turing applications will be exhibited. 

Barnsteadffhermolyne Corporation 341 
Duburque, lA, 
manufactures laboratory, liquid handling, and water 
purification equipment. Products include hotplates, 
stirrers, mixers, furnaces, shakers, incubators, thermal 
cyclers, deionization, disti llation, and reverse osmosis 
systems, bottle top dispensers, and pippettors. 

Best Manufacturing Practices 406 
College Park, MD 
An integral part of the avy's MANTECH program, 
BMP identifies the best practices in US industry and 
encourages businesses to share them and work togeth
er toward greater efficiency, productivity, and 
improved product reliability. 

BF Goodrich Aerospace/Simmons Precision 521 
Vengennes, VT, 
develops advanced aerospace systems, including inte
grated util ities management systems for subsystem 
integration; Advanced Development Systems-an inte
gration and testing tool; and remotely interrogated sen
sor electronics, which monitor stress within composite 
and glass epoxy materials. 

BHK Inc. 424 
Pomona, CA, 
will exhibit UV and IR sources and power supplies, 
electro-optical and opto-mechanical assemblies, low 
pressure mercury, zinc, and cadmium lamps, wave
length calibration lamps, and IR filament lamps. 

Brookhaven ational Laboratory 243 
Upton, NY, 
will focus on basic and applied research in the physi
cal , biomedical, and environmental sciences and in 
selected energy technologies. 

Canon Communications Inc. 450 
Santa Monica, CA, 
publishes trade magazines for the medical device and 
contamination control industries, including Medical 
Device & Diagnostic Industry, Medical Product 
Manufacturing ews, Microcontamination, Medical 
Plastics & Biomaterials Designer's Handbook: Medical 
Electronics, and IVD Technology. 

Catalyst Advertising 143 
Fallbrook, CA, 
has available 3400 patents for license, as well as world 
patentbank databases and a PHL-patent hotline BBS. 

Centro Estero Camere Commercio Piemontes 447 
Torino, Italy 
This technology transfer center's main goal is to pro
mote and develop international business relations and 
high technology transfers. 

Cornell Theory Center 130 
Ithaca, NY, 
one of the four SF-founded supercomputer centers in 
the US, offers leading edge computational resources 
for academic and industrial researchers. The exhibit 
will feature videos and application demonstrations. 

CorpTech 235 
Woburn, MA 
Bring your technologies to market using CorpTech's 
detailed product information on 36,000 US technolo
gy manufacturers: a great source for finding potential 
sources of technology or potential sources of funding 
for your own. 

Cybernet Systems Corp. 129 
Ann Arbor, MI, 
will exhibit the PER-Force hand controller used for 
telerobotics, virtual reality, and simulation. The device 
produces force-reflection along six axes to produce 
"virtual " force feedback. 

Defense Technical Information Center 647 
Alexandria, VA 
The Department of Defense (DOD) sponsors 21 
Information Analysis Centers (lACs) that collect, 
analyze, and disseminate scientific and technical 
information. Support is provided for acquisition and 
operational activities of DOD components, contrac
tors, and other qualified users. 

Diamonex Inc. 135 
Allentown, PA, 
is a leading manufacturer of amorphous diamond
coated products for optical , medical , and industrial 
applications and polycrystalline diamond products for 
electronics applications. 

East/West Technology Partners Ltd. 454 
Arlington, VA, 
offers US/Russian technology transfer experts special
izing in : technology patenting and licensing, technolo
gy searches, contract research, and US/Russian busi
ness arrangements and negotiations. 
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Edgewood Research, Development & 548 
Engineering Center 
Aberdeen Proving Ground, MD 
provides opportunities in artificial intelligence, bio
detection, environmental and ecological restoration/ 
remediation, air purification/ventilation/pollution con
trol. hazardous material detection and cleanup. bio
medication. toxicology. animal test alternatives. and 
chemical/biological mass spectrometry. 

EG&G Inc.-Rocky Flats Environmental 851 
Technology Site 
The site's mission is to develop and demonstrate in
novative environmental remediation technologies. 

Energy Science & Technology 439 
Software Center 
Oak Ridge. T , 
is the Department of Energy's detection and software 
management facility, authorized to license and distrib
ute software developed under the sponsorship of DOE 
and the uclear Regulatory Commission. 

Environmental Protection Agency 847 
Washington, DC 
An educational display will provide information about 
on-going partnerships with industry and opportunities 
to work with the EPA to develop environmental tech
nologies. 

Federal Aviation Administration 
Technical Center 
Atlantic City, J, 

622 

will offer information on technologies currently under 
development/deployment in the FAA, including GPS, 
aircraft safety, ATC, airport capacity and runways, 
human factors, surveillance, and radar technology. 

Federal Highway Administration 228 
Washington, DC. 
will present the latest technology transfer projects in 
pavements, structures, traffic and safety, as well as 
intelligent vehicle highway systems. 

Federal Laboratory Consortium 526 
Sequim, WA 
The FLC offers access to federal laboratory expertise 
and capabilities. Seekers of new federal technology, 
unique facilities, or assistance with technical problems 
can contact the FLC Regional Coordinator in their area. 

FUR Systems Inc. 426 
Portland, OR, 
will exhibit an extensive line of infrared imaging prod
ucts including the Prism thermal imaging cameras and 
the IQ series of real-time ana lysis systems. 

Force Imaging Technologies 724 
Chicago,IL, 
will showcase thin (0.003"/0.067mm), flexible force 
sensors and systems that provide static and dynamiC 
contact pressures over a wide load range-from less 
than 1 psi to over 20,000 psi (7K Pa-137M Pal. 

Gage Applied Sciences Inc. 140 
Montreal, Quebec, 
will display ultra-fast PC-based and LabVIEW-compati
ble data acqu isition supplies such as AID cards as fast 
as 250 MSPS. 

Gulf Coast Alliance for Technology Transfer 734 
Fort Walton Beach, FL 
GCA n 's 11 federal laboratories and four research uni
versities offer unique technology and test facility assets 
in fields including environmental, electronics, optics. 
magnetics, sensors, materials, and human performance. 

Harmonic Drive Technologies 343 
Peabody, MA, 
manufactures preci ion tran mission products for 
accurate positioning of robots, machine tools, web 
processing machinery, test equipment, and tracking 

devices. 

NASA Tech Briefs. October 1994 

HEMCO Corp. 234 
Independence, MO. 
will exhibit the Unilab, a preengineered modular room 
structure that can be designed and built to meet clean
room, environmental control, and insulated self-con
tained lab enclosure specifications. 

Hewlett-Packard Co. 229 
Rockville, MD 
The Hewlett-Packard booth will feature industry-lead
ing, high-performance workstations available on the 
SEWP contract, as well as applicable contract software 
including imaging technology. 

Hickson International P&C 133 
Leeds, England, 
is a chemical company with a sales turnover of $5OOM. 
3000 employees worldwide. and major interests in 
fine chemicals, wood preservation. coating technolo
gy, surfactants, and sulphur chemicals. 

Hughes Space & Communications Company 727 
Los Angeles, CA 

Idaho ational Engineering Laboratory 422 
Idaho Falls. ID, 
will present a new concept in high-speed mass transit. 
the CyberTran system. under development at the labo
ratory. The system represents affordable. high-speed 
energy-saving mass transit that is an electrically-pow
ered steel-wheel-on-steel-rail. 

INCO Specialty Powder Products 511 
Saddle Brook, J. 
sells specialty metal and ceramic powders and fibers. 
Applications include batteries, conductive polymers, 
magnetic alloys. catalysts, EMI shielding, and lightning 
strike protection. 

Infolytica Corp. 525 
Montreal, Quebec, 
will spotlight its new 5.1 version of Mag et electro
magnetic simulation software for PCs and worksta
tions. MagNet software helps eliminate time delays 
and costs of prototyping and testing. 

Information Handling Services 121 
Englewood, CO, 
is the world's largest re-publisher of value-added tech
nical and regulatory information, available in multi
format del ivery systems. 

Ingenieurschule Biel 350 
Biel, Switzerland, 
will exhibit the Solar Car 'Spirit of Biel-Bienne III", a 
microspace PC for embedded industrial controlling. 
fuzzy logic. and microelectronics development tools, 
applications. and integrated circuits. 

INONET, Inc. 748 
Ridgefield, CT 
This CompuServe Forum is for the thousands of innova
tors, inventors, patent attorneys, technology transfer 
agents, engineers, venture capitalists, and corporate 
decision makers interested in innovations. 

Integrated Sensors Inc. 248 
Utica, NY, 
will demonstrate its first commercial spin-off product 
from the NASA Relative Attitude and Position 
Estimation Program (Phase 11). The system tracks an 
object in real -time and provides measurements of its 
position and angular orientation. 

Invention Machine Corp. 721 
Cambridge, MA. 
will present the Invention MachineT~ Software System, 
which solves complex engineering/invention prob
lems, predicts new engineering solutions. and is the 
largest and most successful Russian software project. 

Knowledge Express Data Systems 615 
Wayne, PA 
Subsidized access to the Knowledge Express Core Con
tents online service for technology transfer and business 
development is now available under the Technology 
Reinvestment Project (TRPI. 

Lawrence Berkeley Laboratory 722 
Berkeley, CA 
LBL is a major national laboratory with 3,000+ em
ployees, an annual budget of $260 million, and exper
tise in energy, environment. materials, computing, 
and biotechnology. 

Lawrence Livermore ational Laboratory 322 
Livermore, CA. 
specializes in measurement and diagnostics, computa
tions science. lasers and electro-optics. manufacturing 
engineering, electronic systems. engineered material, 
applied physics and chemistry, atmos-pheric and geo
sciences, bioscience, and environmental sciences. 

Litton Amecom 750 
College Park, MD. 
designs, manufactures. and provides life cycle support 
of sophisticated electronics products in four major 
areas: space systems, electronic warfare, RF communi
cations, and telecommunications. 

Los Alamos ational Laboratory 145 
Los Alamos, CA, 
will present information on energy and environmental 
technologies. earth science. materials science, 
advanced manufacturing. computing modeling and 
simulation, instrumentation, and biotechnology and 
biomedicine. 

Los Alamos ational Laboratory, 149 
Detonation Systems Group 
Los Alamos. NM, 
will display technology for initiation of high explosives 
including modeling techniques. slapper detonator ini
tiation. and optical initiation, actuators, and cabling. 

Machida Inc. 254 
Orangeburg, NY. 
will exhibit its complete line of flexible fiber optiC 
borescopes, video systems, and related accessories. 

Martin Marietta Specialty Components Inc. 227 
Largo, FL, 
provides technological assistance to industry, universi
ties. and others. The company will be soliciting pro
posals and proposal partners for product/technology 
development and commercialization at the 
Department of Energy-Pinellas Plant. 

The Mathworks Inc. 522 
Natick. MA. 
will spotlight its MATLAB Technical Computing Envir
onment featuring high-performance math and graph
ics, a high-level matrix language. SIMUU K. the Real
Time Workshop. and a comprehensive family of MAT
LAB application toolboxes including neural networks 
and nonlinear control design. 

McGraw-Hili Inc. 351 
New York, NY 
The Federal Technology Report covers the latest devel
opments in US government programs that support civil
ian and dual-use technology. McGraw-Hill's Biotech
nology ewswatch and Cancer & Genetics Report 
cover science, business. and politics in those fields. 

MEG Array Inc. 733 
Lake Park, FL. 
offers system and circuit designers a broad selection of 
20-80 volt linear bipolar integrated circuit arrays. 

Mid-Atlantic Technology Applications Center 544 
Pittsburgh, PA 
MTAC provides a wide range of technology manage
ment services and specializes in technology transfer 
from NASA and other federal agencies. 
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ASA 430 
Washington, DC 

ASA's R&D mission programs will be highlighted 
together with a "theater island" describing key tech
nologies resulting from the nation's space program. 
Spinoffs from aeronautics and space research will be 
displayed along with new technological advances 
from the ational AeroSpace Plane. 

ASA Ames Research Center 641 
Moffett Field, CA, 
will present composite nexible blanket material, a 
protective coating for ceramic material, toughened 
uni-piece fibrous insulation, a spatial auditory display, 
a fiber optic vibration sensor, a wireless dynamic data 
exchange communication system, an automation and 
support system for expert telescience, a microwave 
incineration to process biological waste, and a fault 
tree diagnosis and optimal test sequence. 

NASA Centers for the Commercial 
Development of Space 
College Station, TX 

433 

The Center for Space Power will provide information 
on profitable commercial partnerships with industry. 
The Center for Micromolecular Crystallography will 
highlight protein engineerin&ipurification, 3D structure 
determination, and structure-based drug design. The 
Center for Hybrid Communications etworks will dem
onstrate object-oriented newtork and management 
tools. The Center for the Commercial Development of 
Space Power and Advanced Electronics investigates 
critical technologies for advanced space power systems. 

NASA Dual-Use Telerobotic Technology Display 642 
Pasadena, CA, 
will feature ASA-funded innovative telerobotic tech
nology being developed at the various NASA Centers, 
universities, and industry for dual-use will be demon
strated. Applications include nexible manufacturing, 
telesurgery, virtual environment interface, automated 
inspection, and remote servicing. 

NASA Goddard Space Flight Center 441 
Greenbelt, MD, 
will exhibit its Earth Alert Systems, a Topographical 
Study System, and the Parabola, a system for ecologi
cal studies. 

NASA jet Propu lsion Laboratory 643 
Pasadena, CA 
JPL has a variety of programs through which technolo
gy is successfully developed and exchanged with US 
industry. 

NASA john C. Stennis Space Center 541 
Stennis Space Center, MS, 
will present technologies available for commercializa
tion including a gamma ray collimator for NOTE of 
thick-walled pressure vessels, smart sensor technology, 
and engine plume diagnostic testing. 

NASA johnson Space Center 628 
Houston, TX 
johnson's Tech Transfer Commission will feature 
demonstrations of the commercial application of 
virtual environments, machine simulation, process 
management, electronic documentation, pattern 
recognition, automated diagnOSis, shock absorber, 
and intelligent systems. 

NASA Kennedy Space Center 427 
Kennedy Space Center, FL, 
is the gateway for all East coast space launches. 
Primary areas of development include advanced soft
ware, sensors, instrumentation, robotics, and commu
nications/networks. 

NASA Langley Research Center 442 
Hampton, VA, 
Langley conducts research in a wide range of disci
plines to support aeronautics and space programs, and 
promotes the transfer of technology to US industry. 
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ASA Lewis Research Center 543 
Cleveland, OH, 
will feature the successful low-cost fabrication of sili
con carbide-based ceramics and fiber-reinforced com
posites, and an ultra-h igh resolution min iature color 
CRT for virtual reality applications. 

ASA Marshall Space Flight Center 640 
Huntsville, AL, 
will feature displays and information about the new 
lithium-aluminum alloy, industrial computed tomogra
phy, robotics simulation software, the Water Window 
X-Ray Microscope, and a versatile Shuttle-derived 
foam for industrial use. 

ASA STI Program 542 
Arlington, VA 
Our global reach and full line of products and services 
help us meet the scientific and technical information 
needs of researchers worldwide. 

NASA Tech Briefs 
New York, NY 
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Reaching over 200,000 engineers and executives 
throughout industry and government, NASA Tech 
Briefs magazine has first publishing rights to the latest 
technologies developed by NASA and its contractors. 

National Technology Transfer etwork 634 
Washington, DC, 
will spotlight the six regional technology transfer cen
ters that work with federal and state technology trans
fer activities to help US industry gain access to over 
700 federal laboratories and other sources of technolo
gy for commercial and industrial use. 

National Automotive Center 739 
Warren, MI, 
is a dedicated initiative set up by the US Army Tank
Automotive Research, Development & Engineering 
Center to foster technology transfer and dual-use tank
automotive R&D between government, industry, and 
academia. 

National Institute of Standards and Technology 547 
Gaithersburg, MD 
An agency of the US Department of Commerce's 
Technology Administration, NISI's primary mission is 
to promote US economic growth by working with 
industry to develop and apply technology, measure
ments, and standards. 

National Instruments 553 
Austin, TX, 
will exhibit hardware and software for GPIB and VXI 
instrument control, hardware and software for data 
acquisition, and LabView, LabWindows/CVI, and HiQ 
appl ication software. 

National Security Agency 338 
Ft. Meade, MD, 
will feature microelectroniCS, computing, communica
tions and networking, signal processing, and advanced 
mathematics. 

National Space Society 233 
Washington, DC 
NSS is a non-profit membership organization support
ing space exploration and development through public 
education, political activism, local chapters, and pub
lication of Ad Astra magazine. 

National Technology Transfer Center 306 
Wheeling, WV 
NnC services include free access to federally-funded 
technology (800-678-6882), electronic bulletin board 
announcing technology transfer opportunities, training 
on technology transfer issues, and strategic partnering 
conferences. 

avy Research, Development, Test, 
and Evaluation Labs 
Warminster, PA 

314 

Eight avy research, development, test, and evalua
tion activities are featured at this exhibit, including 
laboratories from the aval Air Warfare Center, aval 
Civil Engineering Laboratory, aval Command Control 
and Ocean Surveillance Center, aval Medical 
Research and Development Command, aval Surface 
Warfare Center, and aval Undersea Warfare Center. 

Naval Research Laboratory 125 
Washington, DC, 
will exhibit R&D programs available for licensing in 
the areas of advanced materials, bio-molecular engi
neering, chemical processing, electronics, optics, 
sensors, and information technology. 

ovespace 328 
Paris, France, 
will describe European technology transfer networks 
established around Novespace and will feature various 
technology catalogs. 

Oak Ridge Centers for Manufacturing 458 
Technology 
Oak Ridge, TN 
The ORCMT, a joint Y -12/0RNL effort, is a national 
industrial resource for applied research, demonstra
tion, fabrication, development, prototyping, and edu
cation . The Metals and Ceramics Division will exhibit 
intermetallic alloys, ceramics and ceramic matrix com
posites, polymer matrix composites, and various test
ing devices available for licensing to private industry. 

Olympus America-Industrial Fiberoptic Division 342 
Lake Success, NY, 
will highlight remote visual inspection instruments: 
fiber optics, rigid borescopes, video image scopes, and 
video enhancement equipment, as well as high magni
fication borescopes and fiberscopes for vacuum video 
inspections and industrial applications. 

Optical Society of America 137 
Washington, DC 
OSA is an engineering and scientific society with over 
12,000 members, covering all areas of optics includ
ing optical fabrication and testing, imaging, electro
optics, lasers, fiber optics, and photonics. 

Phillips Business Information Inc. 452 
Potomac, MD, 
publishes a variety of newsletters and magazines 
detailing current news and business opportunities in 
several high-technology markets. Titles include: 
Technology Transfer Week, Defense Daily, Space 
Business News, C41 News, and Space Station News. 

Pittsburgh Energy Technology Center 821 
Pittsburgh, PA 
The PETC is the nation's largest government laboratory 
devoted to the development of new, environmentally
clean fossil energy technologies including processes 
that use US coal resources to produce liquid trans
portation fuels and chemicals. 

Powertronic Systems Inc. 552 
New Orleans, LA 
PSI has been a military/commercial electronics design 
and manufacturing contractor, as well as a reliability 
and maintainability software vendor, for over ten 
years. 

Princeton University Plasma Physics Laboratory 241 
Princeton, Nj 
Funded by the Department of Energy, the laboratory's 
primary mission is to develop the basis for toroidal 
magnetic fusion energy. This work has led to advances 
in phYSiCS, engineering, and technological disciplines 
for non-fusion applications. 
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The HP DesignJet 650C 
plotter never plods. 

$7,495* 

You've waited long enough. It's time 
you owned an HP DesignJet 650C-the 
plotter that delivers final-quality, D-size, 
color plots in under five minutes. And 
for a limited time, when you buy an 
lIP DesignJet 650C from the same dealer 
who provides a demo, you'll get $300 off 
your purchase. 

Just imagine working with brilliant, 
300-dpi color for area fills, shading and 

For More Information Write In No. 512 

data differentiation. As well as crisp, 
6OO-dpi-quality monochrome. And with 
HP's proven inkjet technology you'll 
meet with no pen-related problems. 

Options include true AdobeT• fustscriptTM 
Level 2 software and lIP JetDirect cards 
for connections to most popular networks. 
For more information and the name of 
your local lIP demo dealer, call 1-800-
851-1170, Ext. 8374.\ 

FliOW HEWLETT® 
a:~ PACKARD 



Proto Manufacturing 448 
Oldcastle, Ontario, 
will exhibit the latest developments in non-contract 
stress measu rement. 

R. Brooks Associates Inc. 150 
Williamson, NY 
will feature state-of-the-art video imaging and remote 
positioning systems currently utilized throughout the 
US commercial nuclear industry. 

Real World Interface Inc. 144 
Jaffrey, H, 
will display mobile robots for advanced research in 
the areas of autonomous systems, machine learning, 
vision based navigation, sensor fusion, and mobile 
robot based manipulation. 

Research Triangle Institute 136 
Research Triangle Park, NC, 
will demonstrate its 27 years of success in transferring 
federal research and technologies into commercial 
products. RTI will showcase its Tech T racS'" technolo
gy tracking database system. 

Rexham Custom 523 
Matthews, NC, 
is a leader in custom coating and laminating of high
performance materials. Coating services range from a 
class 1000 cleanroom pilot coating facility to world
wide production from one of eight ISO 9000 registered 
plants in the US and Europe. 

Rockwell International 122 
Canoga Park, CA 
Rockwell's Rocketdyne division will be displaying 
NASA/Space Shuttle Main Engine (SSM E)-derived 
transferrable technologies. 

RTC North Ltd. 848 
Tyne & Wear, England, 
will focus on offers and requests from technology
based organizations in Northern England and provides 
information on joint venture opportunities. 

SAMPE 551 
Covina, CA 
Founded in 1944, SAMPE is an international educa
tional scientific association dedicated to the exchange 
of data on new materials and processes. 

Sandia National Laboratories 131 
Livermore, CA, 
offers facilities for manufacturing process develop
ment, environmental testing, environmental remedia
tion technology development, combustion research, 
computing, and microelectronics research. 

Sandia National Laboratories 740 
Albuquerque, NM 
The Remote Sensing and Verification Program devel
ops monitoring/data systems and provides analysis, 
facilities, and field expertise in support of nonprolifera
tion and other national objectives. 

Sel-Tronics, Inc. 141 
Landover, MD 
Sel-Tronies, a manufacturer's representative, will be 
displaying fiber products from Math Associates & 
Recording and Data Acquisition Products from Gould 
Instrument Systems. 

Sky Technology Vehicle Design & 606 
Development Company 
Hurst, TX, 
will feature the Aircar, a "roadable" aircraft narrow 
enough for road driving in the night configuration . 

Software Consultants International Ltd. 737 
Kent, WA, 
will demonstrate TemPRO'·, a business re-engineering 
product that runs in the Windows environment provid
ing simulation and analysis capabilities. System cus
tomization, training, and support also are available. 
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Space Age Group 354 
Los Angeles, CA, 
was established to introduce ASA spin-off products 
and technology to foreign markets, with particular 
emphasis on Japan and the Far East. 

Space ews 349 
Springfield, VA 
plays an essential role in worldwide space enterprises, 
providing news, critical insight, and a common com
munications medium for the world 's space leadership. 

Spire Corp. 347 
Bedford, MA, 
will highlight optoelectronic devices including high 
power diode lasers, solar cells, semiconductor epi
wafers, biomedical lasers, thin film coatings, and cus
tom surface texturing and pv module equipment. 

TCAM Technologies 735 
Eastlake, OH, 
will display a radical new mechanical actuation sys
tem that projects many engineering improvements 
over the state-of-the-art. TCAM is seeking potential 
licensees for its technology in fields including valve 
actuators, automotive and appliance actuators, and 
aerospace actuation products. 

Technology Access 
Novato, CA, 

132 

is a concise, independent, practical newsletter of 
analysis and opportunities in technology transfer, 
commercialization, defense conversion, and policy. 
It includes inventions for all industries, contacts, and 
a free information hotline. 

Technology Transfer Business Magazine 336 
Vienna, VA, 
presents methods of successful transfer for competitive 
advantage to inform users of technology resources. 

Technology Transfer Society 412 
Indianapolis, IN, 
is a non-profit organization created to promote the 
growth and enhance the effectiveness of technology 
transfer. Through timely publications and multi-disci
plinary membership, the society is an exceptional net
working and collaboration system for the technology 
transfer profeSSional. 

Thiokol 421 
Brigham City, UT, 
will highlight technologies developed in internallR&D 
or DOD/ ASA programs that show potential for com
mercialization, new propulsion concepts, or enhanced 
environmental processes. 

Tiodize Co. 222 
Huntington Beach, CA, 
will display anti-corrosion coatings, solid film lubri
cants, Teflon coatings, self-lubricating composites, 
composite fasteners, degreasers, hard anodize with 
Teflon, mold releases, water base coatings, and titani
um anodize with no dimensional change. 

US Air Force, Armstrong Laboratory 128 
Brooks AFB, TX, 
will present human-centered technologies available 
for collaborative research and/or licensing opportuni
ties in aerospace, medicine, occupational and envi
ronmental health, training, human engineering, and 
environies. 

US Air Force, Manufacturing Technology 505 
Directorate 
Wright-Patterson AFB, OH 
Wright Laboratory's Manufacturing Technology 
Directorate is tasked to ensure the nation's defense 
aerospace industrial base is fully capable and respon
sive in supporting Air Force needs in the development, 
production, and support of planned and existing 
weapon systems and components. 

US Air Force, Phillips Laboratory 507 
Kirtland AFB, M, 
will focus on opportunities available through the 
Phillips Laboratory for technology transfer and dual
use applications. 

US Air Force (Science & Technology) 506 
Wright-Patterson AFB, OH, 
will display the latest Air Force technologies with 
application in the medical, environmental, information 
management, and educational fields; dual-use tech
nologies, and the Air Force tech transfer program. 

US Army Armament Research 247 
Development and Engineering Center 
Picatinny Arsenal, J 
The US Army ARDEC will present two technologies 
available for commercialization by the private sector, 
featuring information on Decision Aids. 

US Army Corps of Engineering Laboratories 236 
Vicksburg, MS, 
will highlight technologies ready for commercializa
tion from the Corps' R&D laboratories. These laborato
ries conduct research in the areas of facilities and con
struction, infrastructure remediation, structural engi
neering, CAD/ClS, railroads, pavements, soils, envi
ronmental engineering, waterways and harbors, and 
cold climate facilities. 

US Army Electronics & Power Sources 240 
Directorate 
Fort Monmouth, NJ 
The Electronics and Power Sources Directorate, Army 
Research Laboratory will feature electronics technolo
gy and devices available for commercialization with 
emphasis on technology transfer through patent licens
ing and cooperative agreements. 

US Army Research Laboratory 242 
Adelphi, MD, 
will exhibit a broad range of technology areas promot
ing the military. 

US Army Research Laboratory/ 239 
Battlefield Directorate 
Adelphi, MD, 
will provide i llustrations of its multifaceted research 
program as well as specific technologies available for 
commercial appl ication. 

US Department of Agriculture, 148 
Office of Technology Transfer 
Beltsville, MD 
The USDA's Agricultural Research Service, with 124 
laboratories nationwide, offers opportunities for small 
and large corporations. Information on technology 
transfer programs and research projects will be exhib
ited by the ARS Office of Technology Transfer. 

US Department of Agriculture!Special Programs 747 
Washington, DC, 
will feature advanced materials ranging from lubri
cants to polymers to composites, all derived from 
renewable agricultural products. 

US Department of Energy, 621 
Kansas City Plant (Allied Signal) 
Kansas City, MO, 
will spotlight manufacturing process capabilities in 
electrical, mechanical, materials, and environmental 
areas that can be used for prototyping. testing, and 
process prove-in for product development. 

US Department of Energy, National 416 
Renewable Energy Laboratory 
Golden, CO, 
will provide a lively visual overview of the organization, 
objectives, and research and development programs of 
DOE's Office of Energy Efficiency and Renewable Ener
gy. A pictorial of efforts to advance energy efficiency 
and renewable energy technology throughout America's 
building, transportation, industry, and utility sectors 
also will be on display. 
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WE'VE EXAGGERATED HOW MUCH 
CALCULATING POWER IS IN NEW MATHCAD PLUS 5.0. 

BUT ONLY SLIGHTLY. 

It gives you more advanced 

math capability than ever before. It 

lets you tackle harder problems and 

solve even tougher equations. In short, 

it's the most powerful, most advanced 

version of Mathcad' ever released. 

And that's no exaggeration. More 

powerful than spreadsheets or calculators, 

easier than programming languages, new 

Mathcad PLUS 5.0 give engineers, scientists 

and educators more tools to do calculations 

with greater speed and ease. 

You get more functionality for compu ting 

derivatives and integrals, differential equations, advanced 

vector and matrix operations, statistical functions, curve 

fining, and fast Foutier and wavelet tran forms. You can 

choose from a wider range of symbolic capabilities. and 
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Mathcad PLUS 5.0's on-screen worksheet lets 
you easily combine equations, teX! and graphics. 

polar, contour and para-

metric plots. MathSoft's 

Electronic Books, based 

on the most popular ref-

erence books, let you 

instantly cut and paste 

hundreds of formulas into your work. And with Mathcad 

. PLUS Function Packs you can add even more remarkable 

calculating power in specific dis-

ciplin~s- like signal processing, data 

analysis. statistics and graphics. 

Plus, like its Mathcad predeces-
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US Department of Energy! 214 
Technology Utilization Office 
Washington, DC 
The DOE's technology transfer exhibit can help identi
fy technologies and expertise available for transfer to 
private industry, or assistance and collaboration at the 
DOE laboratories across the nation. 

US Department of the Interior 728 
(US Bureau of Mines) 
Washington, DC, 
will display results of federally-funded mining, materi
als, water resources, and other research and informa
tion studies. 

US Department of Veteran Affairs 237 
Washington, DC, 
will provide examples of progress in the Department 
of Veteran Affairs Rehabilitation research and develop
ment program for improving the quality of life for the 
disabled. 

United Technologies CorpjUSBI Co. 333 
Huntsville, AL 
USB I is the prime contractor to NASA for the non
motor segments of the Space Shuttle's Solid Rocket 
Boosters. Spinoff technologies will be featured. 

University of Dayton Research Institute 410 
Dayton, OH 
UDRI conducts both basic and applied research for 
government and industrial sponsors. Information will 
be available on its research capabilities and technolo
gies available for licensing. 

Van Nostrand Reinhold 509 
New York, NY, 
publishes books on the subject of quality and technol
ogy management, including such innovative works as 
Petrozzo!Stepper: Successful Reengineering; 
Smith/Reinerston: Developing Products in Half the 
Time; Goldman/Nagel/preiss: Agile Competitors and 
Virtual Organizations; Patterson: Accelerating 
Innovation; and Jackson/Frigon: Management 2000. 

Veritec Inc. 516 
Chatsworth, CA, 
provides turnkey systems (hardware/software) for 
marking and reading high data density 2D VERICODE 
Symbols. Applications include the electroniC, automo
tive, and aerospace industries. 

Vortex Unlimited 823 
New York, NY 
The company reports achieving reduced temperature 
thermonuclear fusion (neutron capture), providing 
energy by the release of charged particles. New fusion 
energy concepts and texts also are available. 

Westinghouse-Savannah River Company 138 
Aiken,SC 
Developing real solutions to real problems is the 
role of the Savannah River Technology Center, the 
Savannah River Site's applied research and develop
ment laboratory. 

Yokogawa Corporation of America 142 
Newnan, GA 
Since 1957, Yokogawa has provided the North 
American marketplace with high quality test and 
measurement instruments. A complete line of chart 
recorders including new thermal array oscilloscopes 
and waveform/FFT Analyzers will be displayed. 

SBIR PAVILION 

Active Technologies Inc. 
Alamogordo, NM, 
will display the Lightning Charger, the world's lightest 
production genset, weighing just 16 Ibs. It produces 
900 W of 115 V power for lights and up to 80 amperes 
to start 12 and 24 volt vehicles. 
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Advanced Refractory Technologies Inc. 
Buffalo, NY 
Diamond-like anocomposite Coatings (DYLAN"') 
technology represents a revolutionary new family of 
thin film coatings, engineered at the atomic scale, that 
can be tailored and customized for specific properties. 

Alternative Systems Concepts Inc. 
Windham, NH 
will demonstrate VIOOL (VHDL Interfacting Object 
Oriented Languages), a tool to facilitate true concur
rent engineering including rapid prototyping, virtual 
prototyping, and hardware/software co-design. 

Applied BioPhysics Inc. 
Troy, NY, 
is developing a new instrumental approach that elec
trically probes the morphology of cells in culture. The 
method, known as electric cell-substrate impedance 
sensing (EClS), non-invasively monitors cells grown 
upon miniature gold film electrodes. 

BSI Corp. 
Eden Prarie, MN, 
BSI coatings are bonded directly and permanently to 
surfaces via a photoactivatable spacer group using 
PhotoLink™ process. Commonly used noncovalent 
heparin binding techniques show depletion of heparin 
activity within hours, while BSI's covalently-bonded 
heparin provides a durable coating that retains high 
levels of activity for up to several weeks. 

Candela Laser Corp. 
Wayland, MA, 
in collaboration with the University of Chicago, has 
developed a simple ultracentrifugal technique that 
can measure LDL, HDL2, HDL3, and Lp(a) cholesterol 
directly in a single test. 

Charles River Analytics Inc. 
Cambridge, MA 
Open Sesame I, the first intelligent agent for the Mac
intosh, monitors events, states, and user actions in a 
computerized environment, learns repetitive tasks, and 
provides a means to automate on behalf of the user. 

ChemTrak™ 
Sunnyvale, CA, 
has developed AccuMete~ technology, a quantitative, 
disposable personal diagnostic test device that fits into 
the palm of a hand. The first application is a home 
cholesterol test marketed by Johnson & Johnson. 

Conquest Software Inc. 
Columbia, MD, 
has commercialized natural language processing, an 
advanced approach to full-text searching that delivers 
unprecedented performance in retrieval accuracy, and 
streamlines the process of finding and working with 
textual information. 

Cybernet Systems Corp., 
Ann Arbor, MI, 
develops tools for dynamically registering graphical 
models to real-world imagery for advanced robot 
control, including the PER-Force™ six-degree-of-free
dom reflection hand controller. 

Daniel H. Wagner Associates Inc. 
Hampton, VA, 
The company's automated container ship loading 
system is a PC-based control system that eliminates 
pendulum sway as containers are carried from pier to 
ship. This system allows full speed moves and will save 
as much as 30% of the loading cycle time. 

Diagnostic Devices Group 
Kirkland, WA, 
is developing a low-cost, ambulatory instrument to as
sist patients suffering from urinary incontinence. Using 
non-ionizing ultrasonic energy, the unit will continu
ously monitor the patient's bladder and automatically 
set off an audible alarm whenever a pre-established 
volume threshhold is exceeded. 

Dimension Technologies Inc. 
Rochester, Y, 
is developing LCD displays producing 3D images 
viewable without special glasses or user position re
strictions. The DTI 11 OOC Virtual Window'w, provides 
either a 320 x 480 resolution, full color 3D image or a 
640 x 480 full color, 2D image on a 10.4' LCD. 

Electronic Medical Instruments Inc., 
Bellevue, WA, 
markets a neuromuscular stimulator for the treatment 
of hemiplegia due to stroke and traumatic brain dam
age. The DSS IV Unit has the potential to allow a sig
nificant number of the approximately 10,000,000 hemi
plegics in the US to regain control of paralyzed limbs. 

Eloquent Technology Inc. (HI) 
Ithaca, NY 
Eloquence, Ell's multi-voice, unlimited vocabulary 
text-ta-speech synthesis software, is designed for use 
in applications such as telephone services, computer 
e-mail, talking vehicles, screen readers for the visually 
impaired, and voice output communication aids for 
the speech impaired. 

Epsilon Lambda Electronics Corp., 
Geneva, IL 
The Fiber Millimetrics low-cost integrated millimeter 
wave radar subsystem has been commercial ized to 
produce millimeter wave systems for consumer appli
cations, notably a collision warning system now in use 
on America's largest interstate public bus fleet. 

Essex Corp. 
Columbia, MD 
Delta-WP is a performance testing system for detecting 
workplace impairment that can be used as an alterna
tive to intrusive chemical drug and alcohol testing. 
Delta-WP administers simple tests that measure basic 
thinking and reaction performance. 

Foster-Miller Inc. 
Waltham, MA, 
The company's display will highlight: 
• practical hardware for microclimate cooling sys
tems, which has led to prototype production contracts 
for two types of cooling systems for military personnel. 
• Superex Polymer Inc., a company spun-off from 
Foster-Miller to commercialize new polymer process
ing technology that enables the manufacturing of film, 
sheet, tubing, and molded products from liquid crystal 
polymers (LCPs) and LCP-thermoplastic blends. 

Illinois Superconductor Corp. 
Evanston, IL, 
is developing fault current limiters based on high-tem
perature superconductor materials for a variety of mili
tary, industrial, and utility applications. 

Individual Monitoring Systems Inc. 
Baltimore, MD, 
has developed a training device for personal exercise 
and health maintenance. The "BioTrainer" is a minia
ture monitoring unit that clips to the belt and accurate
ly records the duration and intensity of body move
ments during exercise. 

I.S. Grupe Inc. 
Lombard,IL 
Using its powerful SearchLiTEesoftware, the company 
has created OncoDisk, a user-friendly, cost-effective 
CD-ROM version of the National Cancer Institute's 
database containing information on standard treat
ments for nearly all cancers. 

Lynntech 
College Station, TX, 
will exhibit a test system designed for automatic con
trol of a fuel cells and stacks with outputs ranging from 
a fraction of a watt to more than a kilowatt. 
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Materials & Electrochemical (MER) Corp. 
Tucson, AZ, 
will present an array of technologies including: 
• Fullerenes-a new form of carbon with unique 
physical and electrochemical properties-that can 
be used to produce lightweight and enviromentally 
safe batteries. 
• A metal coating process that produces composites 
by consolidation through hot diffusion bonding for use 
in electronic heat sinks, fusion reactor components, 
and various structure applications. 
• A process to produce spherOid-shaped particles 
using plasma-initiated self-propagating high-tempera
ture synthesis reactions. 
• A method of bonding dissimilar materials such as 
ceramics or carbon-carbon composites to metals using 
active brazing. 

Merritt Systems Inc. 
Merritt Island, FL, 
has developed a novel collision-avoidance sensing 
and control system for robotic devices. Obstacles are 
detected up to one-half meter or more away, and sen
sor cells can provide full coverage for robotic manipu
lators or sensitive equipment. 

Metabolic Solutions Inc. 
Merrimack, NH, 
will display a non-invasive, non-radioactive breath test 
that provides accurate information concerning the 
degree, progression, and prognosis of hepatiC disea e. 

Natural Fibers Corp. 
Ogallala, E, 
manufactures down comforters and pillows containing 
milkweed floss. Milkweed cultivation conserves natur
al resources and uses low amounts of chemicals and 
fertilizer, while processing milkweed pods produces 
no liquid waste or air pollution. 

Ocean Optics Inc., 
Dunedin, FL, 
will display a spectrometer system that is 1000 times 
smaller and 10 times less expensive than conventional 
spectrometers. The device couples the ver-satility of 
inexpensive optical fibers with an extremely small 
1 024-element CCD array spectrometer. 

Ocutech Inc. 
Chapel Hill, NC 
The AutoFocus VES allows hands-free focusing of the 
innovative and popular manual-focus Vision 
Enhancing System'M. The system features a wide range 
of focus from 12 inches to infinity and operates contin
uously without user control. 

OPTICS 1 
Westlake Village, CA, 
will introduce an ultra-lightweight head-mounted dis
play system that provides full-color, high-resolution 
images while redUCing eye strain. The PT-Ol 'M is tar
geted for video-assisted surgery and non-destructive 
testing and inspection. 

Physical Optics Corp. (POC) 
Torrance, CA, 
will display a variety of technologies including: 
• A family of multimedia communication systems 
capable of increasing the capacity of local area net
works by 50 times. The HoloLink® system can transmit 
high density data streams or high-resolution color 
imagery without any time delay or data reduction. 
• Holographic non-Iambertian diffuser screens that 
have unusual beam shaping capabilities to improve 
the brightness and contrast of any imaging and 
flat-panel di play screen by up to 15 times. 
• A novel 3D imaging system based on autostereo
scopic techniques and holographic optical elements 
that does not require polarized glasses or lenses. 
• The Automatic Face Recognition System, which per
forms identification or verification by matching a 
human face against a large database of known faces. 
• A hybrid neural network system for real-time object 
and spectral signature. 
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• A universal remote lighting system that efficiently 
couples energy from a light source into and through an 
optical fiber and delivers the light to a remote location. 

PICS Inc. 
Reston, VA, 
will present DietMate, a hand-held computer that 
implements a self-management program for weight 
loss and cholesterol reduction. It combines nutrition, 
exercise, and behavior modification to promote grad
ual, permanent lifetyle changes. 

QUEST Integrated Inc. 
Kent, WA, 
will demonstrate EUCLlD'M, an advanced laser align
ment tool for use in aerospace manufacturing, civil 
engineering, and large rotating machinery that align 
equipment to within a few thousandths of an inch 
over distances from 100 to 1000 ft. 

RedZone Robotics Inc 
Pittsburgh, PA, 
is developing an automated in-situ tank inspection sys
tem for underground storage tanks. The system will be 
deployed through a four-inch pipe to perform ultrasonic 
inspection, measuring tank wall thickness and detect
ing corrosion areas and potential leaks. 

Research Biochemicals International 
Natick, MA, 
has developed several unique chemical agents that 
are useful in the direct and noninvasive study of brain 
changes that accompany the advance of Parkinson's 
disease. 

Software Consultants IntI. Ltd. 
Kent, WA 
The company's TemPRO'M technology addresses the 
problem of Business Process Re-engineering (BPR) by 
assimilating the latest BPR practices and modeling 
techniques. TemPRO can automate the actual BPR 
model rather than just document it. 

Stamet Inc. 
Gardena, CA, 
has created the Stamet Solids Pump, the world's first 
continuous, precision feeding, metering, and control 
device for injection of dry solids into substantial fluid 
pressure up to 100 psig. 

TCI Software Research 
Las Cruces, M, 
will demonstrate Scientific WorkPlace 2.0 for Win
dows, a powerful technical word processor seamlessly 
integrated with a computer algebra system through a 
unique math interpreter. 

Terrapin Technologies 
South San Francisco, CA, 
has applied its polymer technology to achieve previ
ously impossible separations of a family of closely 
related proteins called GST (Glutathione S-Trans
ferase), which playa major role in the resistance of 
tumors to cancer drugs. 

Thermacore Inc. 
Lancaster, PA, 
will showcase two technologies: 
• An aluminum liner for composite material tubing 
that endows the composite tubing with metal-like 
characteristics without compromising its lightweight 
and strength advantages. 
• The Moving Gradient Heat Pipe Furnace, which 
simulates a conventional directional solidification fur
nace without the need for mechanical translation of 
the furnace or sample material. 

T ranscience Associates 
Evanston, IL, 
will highlight the MicroFlow'M rubber-geared pump at 
the heart of an inexpensive 3-axis robotic system for 
the loading and dosing of multiwell microplates. 

TRllnc. 
Knoxville, T 
will highlight Omniview, a patented means for re
moving distortion associated with a wide angle video 
image that replaces the functions of a pan and tilt 
mechanism, zoom lens, drive motors, amplifiers, and 
controls in a single device that has no moving parts. 

TRICOR Systems Inc. 
Elgin,IL, 
will feature a low-cost, long-range EO surveillance 
imaging system providing scene tracking, stabilization, 
recording, and image enhancement processing for air
borne or surface vehicle installation. 

Trident Systems Inc. 
Fairfax, VA, 
will feature CASCADE (Computer-Aided System and 
Component Architecture Design Environment), an 
advanced hierarchical multi-domain computer system 
design, capture, and analysis environment. 

Virtual Computer Corp. 
Reseda, CA 
The company's Virtual Computer'· is a completely 
reconfigurable computing device enabling the place
ment of software directly into the silicon chip. 

Vortec Corp. 
Collegeville, PA, 
will display an advanced melting/forming process for 
the manufacture of low-cost glass-ceramic tiles from 
industrial wastes such as coal-fired boiler ash, spent 
aluminum pot liners, and electric arc furnace dust. 

SPINOFF PAVILION 

Center for Optics Manufacturing 833 
Rochester, NY, 
will display information related to its Opticam, Opti
cim, Manufacturing Science, and Optimod programs. 

Innovative Insulation Inc. 833 
Ft. Worth, TX, 
will exhibit Super R Radiant Barriers that reduce heat
ing and cooling costs by reflecting radiating heat. They 
may be used independently or to increase the perfor
mance of conventional insulations. 

LASER PAVILION 

All iance for Photonic Technology 612A 
Albuquerque, NM 
APT represents the photonics R&D capabilities of the 
federal laboratories in New Mexico and the University 
of New Mexico. Information will be available from 
Sandia National Labs, Los Alamos alional Lab, 
Phillips Lab, and the U M Center for High Tech 
Materials. 

Big Sky Laser Technologies 711 
Bozeman, MT, 
specializes in compact, rugged, solid state lasers for 
real-world application. On display will be the model 
CFR 200 Nd: YAG La er and various specialty laser 
pump cavities and accessories. 

Carl Zeiss Optical 612B 
Petersburg, VA, 
will exhibit Micron Laser Eyewear, which offers pro
tection against light from 180-2100 zm with optical 
densities up to 7. Three stylish frames with molded 
sideshields are available. 

CEBAF 718 
Newport News, VA, 
will present a plan for a superconducting radio fre
quency driven free-electron laser that has promise as a 
source of tunable high average power coherent light 
for military and indu trial applications. 
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IEEEIlasers & Electro-Optics Society 713B 
Piscataway, J, 
will feature information on membership in IEEE and 
LEOS. Complimentary copies of LEOS publications 
and conference promotions will be available. 

ILX Lightwave Corp. 716 
Bozeman, MT. 
manufactures electro-optic instrumentation in the 
areas of laser diode control, fiber optic test and mea
surement, and laser measurement. Products include 
laser diode controllers and parameter analyzers, fiber 
optic light sources and meters, multimeters and wave
length meters. 

IntraAction Corp.-Acousto Optics 614 
Bellwood, IL, 
will exhibit acousto-optic devices including modula
tors, deflectors, optical frequency shifters, tunable fil
ters, mode lockers, q-switches, a polychromatic modu
lator, and associated OEM or laboratory drive elec
tronics such as frequency synthesizers and RF power 
amplifiers. 

Laser Tech Briefs 717 
New York, NY, 
features reports of new inventions and innovations in 
the photonics field, encompassing laser components 
and systems, optics, electro-optics, fiber optics, imag
ing and detector technology. 

Light Brigade Inc. 817 
Kent, WA, 
conducts training seminars and videotapes for fiber 
optics covering system design, installation, and main
tenance. A catalog listing the various courses and 
videotapes is avai lable. Supplies and tools for the tech
nician and end user also will be on display. 

Moyco Precision Coated Abrasives 713 
Montgomeryville, PA, 
manufactures an integrated line of precision finishing 
materials. Products include lapping film, abrasive 
powder, micro-finishing film, vehicle, coolant. and 
polishing pads. 

Photonics Spectra 715 
Pittsfield, MA 
Free copies of Photonics Spectra magazine for photon
ics technology, covering optics, lasers, fiber optics, 
electro-optics, imaging. and optical computing. Also 
on display will be the 4-Book Photonics Directory Set. 

QUEST Integrated Inc. 813 
Kent, WA, 
will display EUCLID"', an advanced laser alignment 
tool for use in aerospace manufacturing, civil engi
neering, ship construction, and large rotating machin
ery alignment. 

Rocky Mountain Instrument 616 
Logmont. CO, 
will exhibit precision laser and imaging optics, coat
ings, assemblies, and instrumentation from UV to far 
IR, custom, standard and OEM. 

Spiricon Inc. 714A 
Logan, UT, 
will highlight state-of-the-art products for spatial inten
sity and propagational analysis of all laser sources, UV 
to far IR, CW and pulsed, from microwatts to megawatts. 

Exhibits Hall Floor Plan 
BALL A 

000000'000000 
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LITERATURE EXHIBIT 

Anorad Corp. 749 
Hauppauge, Y 
A positioning equipment technology guide provides an 
overview of engineered motion control systems. 
Anorad's products include linear, rotary, and air bear
ing stages; linear servo motors; and controls. 

Automation Gages Inc. 749 
Rochester, Y, 
manufactures high-precision ball and cross roller lin
ear bearings with travels from '" inch to 35 inches and 
available in aluminum, steel, and cast iron. 

Balzers 749 
Hudson, H 
Literature will describe Balzers Full Range'" vacuum 
gauge measures from atmosphere to UHV by utilizing 
two gauges in one. Turbomolecular Drag pumps per
mit the use of a backing pump 100 times smaller for 
savings in cost, space, and power. 

Detroit Tool Industries 749 
Madison Heights, MI 
Product information will describe Spiralock 
International locking thread form cutting tools, fasten
ers. and thread gages. 

EPIX, Inc. 749 
Buffalo Grove, IL 
A brochure will detail the 4MEG VIDEO Model 12 for 
image acquisition, processing, and display on PC
compatible interfaces to almost any video source and 
offering up to 256 MB of image memory. 

E-Tek Dynamics Inc. 749 
San Jose, CA 
The company's catalog features world-renowned fiber 
optic products including isolators, couplers, WDMs, 
passive components, electro-optic devices, laser 
instruments and systems. 

Fenix Technology, 749 
Yuma, AZ., 
manufactures arclamps and flash lamps. Its brochure 
describes standard lamps suitable for a variety of 
lasers, CAD technology, and Thorium-free products. 

General Magnaplate Corp. 749 
Linden, NJ 
This technical guide explains how coatings improve 
the performance of metal parts by increasing hardness, 
resisting corrosion, and reducing friction and sticking 
with dry-lubricating synergistic surface enhancements. 

Institute of Environmental Sciences (IES) 749 
Mt. Prospect, IL 
The IES is dedicated to enhancing process and product 
quality through the advancement of controlled envi
ronment technologies. It establishes and maintains 
standards, recommended practices, educational pro
grams, and communication forums. 

ISOMET Corp. 749 
Springfield, VA, 
manufactures acoustic optic modulators and multi
channel modulators with integral beamsplitters, 
deflectors, frequency shifters. AOTFs and related RF 
drive electronics. Spectral ranges are UV, visible, and 
IR to 12 microns. 

JML Direct Optics 749 
Rochester. Y 
The Second Edition of the JML Direct Optics catalog is 
available with complete design parameters for singlets, 
doublets, and triplets. Multi-element systems, coatings, 
cylinders. and prisms also are available from stock. 

(continued on page 109) 
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Officer: Richard A. Galle Hampton, VA 23681-0001 Associate General Research Facility and Commercialization 
Technology Utilization 

Code MAoo (804) 864-6005 Counsellor Intellectual Project Manager, Office, Director 
Mgr. for JPl: 

Stennis Space Center, Patent Counsel: Property: Jack Mannix Technology Transfer Henry Davis 
Wayne Schober Dr. George F. Helfrich Code GP Office: Yvonne Kellogg Mail Code HA 

MS 39529 
Mall Stop 212 Washington, DC 20546 Mail Stop 0-2131 Building 1 Mail Stop 122-116 

(601) 688-1929 
Hampton, VA 23681-0001 (202) 358-2424 P.O. Box 273 Houston, TX 77058 4800 Oak Grove Drive 

(604) 864-3521 Edwards, CA 93523-{)273 (713) 483-3809 Pasadena, CA 91109 

(805) 258-3720 Patent Counsel: (818) 354-2240 

How You Can Utilize NASA's Regional Technology Transfer Centers (RTTCs)-A nationwide 
network offering a broad range of technology transfer and commercialization services, 
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y ou can contact NASA's network of RTTCs for assistance in solving a specific technical problem or locating technology or markets that match your 

interests. The RTTCs are experienced in working with industry to define technology needs and acquire and commercialize applicable technology. 
User fees are charged for most services. For more information, call 1-800-472-6785 and you will be connected to the RTTC in your geographical region 

(or you may call or write directly to the RTTC in your region) . 

REGIONAL TECHNOLOGY TRANSFER CENTERS (RTTCs) 
RTTC Directors 

NORTHEAST 
Dr. William Gasko 
Center tor Technology 

Commercialization 
Massachusetts Technology Park 
100 North Drive 
Westborough, MA 01581 
(508) 870-Q042 

MID-ATLANTIC 
Ms. lani S. Hummel 
University of Pittsburgh 
823 William Pitt Union 
Pittsburgh, PA 15260 
(412) 648-7000 
(800) 257-2725 (toll-free US) 

SOUTHEAST 
Mr. J. Ronald Thornton 
Southern Technology Application 
Center 

University of Florida 
College of Eng. 
Box 24 
One Progress Boulevard 
Alachua, Fl 32615 
(904) 462-3913 
(800) 225-0308 (outside Fl) 

MID-CONTINENT 
Mr. Gary Sera 
Texas Engineering Extension SelVice 
Texas A&M University System 
301 Tarrow Street 
College Station, Texas 77843-8000 
409-845-8762 

MID-WEST 
Dr. Joseph W. Ray 
Great lakes Industrial Technology Center 
25000 Great Northern Corporate Center 
Suite 260 
Cleveland, OH 44070-5331 
(216) 734-0094 

FAR-WEST 
Mr. Robert Stark 
Technology Transfer Center 
University of Southern California 
3716 South Hope Street, 
Suite 200 
los Angeles, CA 90007-4344 
(213) 743-6132 
(800) 642-2872 (CA only) 
(800) 872-7477 (toll-free US) 

If you are interested in information, applications, research, training, and services relating to satellite and aerial data for Earth resources, contact NASA's 
transfer point for earth observing technology: Earth Data Analysis Center, University of New Mexico, 2500 Yale Blvd. S_E., Suite 100, Albuquerque, 

NM 87131-6031; Dr_ Stan Morain, Director (505)277-3622. 

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solv
ing assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O_ Box 12194, Research 

Triangle Park, Ne 27709; Dr. Doris Rouse, Director, (919)541-6980 

A Shortcut To Software: C OSMICe-For software developed with NASA 
funding, contact COSMIC, NASA's Computer Software Manage-ment and Infonmation 
Center. New and updaled programs are announced in the Computer Programs section. 
COSMIC publishes an annual software catalog. For more information call or write: 
COSMlce, 382 East Broad Street, Athens, GA 30602 John A. Gibson, Director, (706) 

542-3265; FAX (706) 542-4607. 

If You Have a Question .. NASA Center For AeroSp ace Informatio n 
can answer questions about NASA's Technology Transfer Network and its selVices 
and documents. The CASI staff supplies documents and provides referrals. Call, write 
or use the feedback card in this issue to contact: NASA Center For AeroSpace 
Information, Technology Transfer Office, 800 Elkridge landing Rd, Unthicum Heights, 
MD 21090-2934. Walter M. Heiland, Manager, (410) 859-5300, Ext. 245. 
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Standard Video 
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Cameras 

Asynchronous 
Cameras 
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VCRs 
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No matter what your video input, a FidelityTM frame grabber will deliver clean, accurate images. 

Even notoriously tricky images from VCRs in pause mode come into crisp focus, thanks to our 

proprietary circuitry. Just add our award-winning GLOBAL LAB® Image software and your're 

up and running with sophisticated image analysis in minutes. Call 1-800-525-8528. 

DATA TRANSLATION® 

World Headquartcf$: 1508) 481 -3700, UK Headquarters: (0134)793838. Germany Headquarters: (01142)95 31.(1, Italy Headquarters: (QJO) 2425696. 
SaluOfli'es: Algentinal1):m·37S1:AIol<81i. ~ ""stti.I2Z2)3616Sl, Belgluml02I41i6.91 .99:a.,,11 011·564<1024. eanada 1l1li1 525-8518. 11III12Ii9-1J417:China 11f8331 145. _4117 4511: Fonland~J35111111. france (11 SS.07.19.02. G""", 11J3S1.q)J: Hoo.l Ko~515-001~ 
kldla11-19GI04C: 'srael 09-541i6115: Japan(03J5319-1971.10315499-3871 . .. 11l3156$11111l;!""'~111~9511. MaJaysoa (31 249-£l1IJ: _51&6091: Nelhell .... ll01J99.63S0 Newz.alardI9l415-a3S2;NoowavI22)43 4150:1'OItugaI11179Jo11131. SingapoIe77343OO; Sou~Africa 1121111J·7iBJ!93: 
Stlain111 55iHIllZ S_09-161i02l11.S",._III.,:J1i1: T.iwoo 121_: Thait.oo 1021 291-!1596. TUI"'y~1212119-0213 6/'11i9A 
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Free access 
to federally 

funded 
technology 
is a phone 
call away. 

The National Technology 
Transfer Center (NnC) 
puts the world of 
government research 
right on your desktop. 

• Free Access 
to Federally 
Funded 
Technology 

• Electronic 
Bulletin Board 
announcing 
technology 
transfer 
opportunities 

• Training on 
Technology 
Transfer Issues 

• Strategic 
Partnering 
Conferences 

Why not call 

800-678-6882 
today and discover the 
research opportunities 
right at your fingertips. 

National Technology Transfer Center 
Wheeling Jesuit College 
316 Washington Avenue 

Wheeling, WV 26003 Fax: 304-243-2529 

For More Information Write In No. 408 
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~TENTS 
NASA has a portfolio of 3000 patents and 
pending appl ications available now for li
cense by businesses and individuals, in
cluding these recently patented inventions: 

High Density Cell Culture System 
(US Patent No. 5,330,908) 
Inventor: Glenn F. Spaulding, Johnson 

Space Center 
A low-cost culture vessel for growing deli
cate mammalian cells is simple to construct 
and can be used in laboratories with conven
tional roller drive units. The vessel is con
structed in a one-piece integral and annular 
configuration with an open end capped by an 
endwall. Tapered access ports in the endwall 
can receive hypodermic syringes for intro
duction of fresh nutrient and withdrawal of 
spent nutrients. Subjecting the walls of the 
vessel to neutron or laser bombardment to 
form minute gas-permeable perforations in
creases the surface area available for oxy
genation and thus culture productivity. 
For More Information Write In No. 731 

Dual-Arm Generalized Compliant 
Motion with Shared Control 
(US Patent No. 5,336,982) 
Inventor: Paul G. Backes, Jet Propulsion 

Laboratory 
Multiple-arm robotic systems provide many 
valuable capabilities beyond single arm sys
tems, particularly when handling heavy or 
unwieldy objects. For example, coordinated 
control of multiple robots allows one robot to 
act as a flexible fixturing device while the 
other executes a task. Mr. Backes has de
veloped a novel robot control system for dual 
multi-joint arms that uses a unified control 
algorithm to integrate cooperative dual-arm 
control with multisensor-based task control. 
For More Information Write In No. 730 

Plasma Arc Welding Weld Imaging 
(US Patent No. 5,329,089) 
Inventors: William F. McGee and Daniel J. 

Rybicki, Marshall Space Flight 
Center 

Clear visual data of plasma arc welds as they 
are formed is important to optimal control of 
the process. The new device uses an opti
cally clear shield cup surrounding the weld-

ing torch's constricting nozzle and a guide 
tube outside the torch carrying two assem
blies of optical fibers. One assembly trans
mits light from a source onto the weld pool; 
the second contains a lens that picks up an 
image of the pool to be returned to a remote 
location for real-time process control. 
For More Information Write In No. 732 

General-Purpose Architecture for 
Intell igent Computer-Aided Training 
(US Patent No. 5,311,422) 
Inventors: R. Bowen Loftin, Lui Wang, 

Paul T. Battes, and Grace C. 
Hua, Johnson Space Center 

A general-purpose artificial intelligence ar
chitecture is adapted to train personnel in 
the performance of complicated tasks and to 
produce the desired results with minimal 
expenditure of energy, time, and resources. 
The training system employs a rule-based 
language having a control structure that uses 
a specific message-passing protocol for pro
cedural or step-by-step tasks. The trainee 
may reach the "solution" by any of number of 
alternate valid paths. 
For More Information Write In No. 733 

Prosthetic Elbow Joint 
(US Patent No. 5,314,500) 
Inventor: Bruce C. Weddendorf, Marshall 

Space Flight Center 
Mr. Weddendorf has designed an artificial 
manually-positionable elbow joint with a lock
ing feature-a pin through a locking wheel 
loaded in double shear-that can withstand 
the repeated heavy loading encountered by 
a wearer working in an industrial, construc
tion, farming, or similar environments. Sim
pler and possessing fewer parts than con
ventional devices, the joint is less expensive 
to manufacture and designed to be easily 
and quickly disassembled by a wearer hav
ing only one hand employing a screwdriver, 
penknife, or other simple tool. 
For More Information Write In No. 734 

Adjustable Control Station With 
Movable Monitors and Cameras for 
Viewing Systems in Robotics and 
Teleoperations 
(US Patent No. 5,331,413) 
Inventor: Daniel B. Diner, Jet Propulsion 

Laboratory 
In a teleoperator workstation or operator
supervised robotic automation system, pan
ning, tilting, or rolling of the cameras can 
cause misalignment between them and the 
operator viewing the monitor. Mr. Diner's 
control station mounts each monitor on an 
automated platform that moves to match the 
viewing angle of the camera whose image it 
displays. In addition , the optimal viewing 
arrangement and system parameter con
figuration can be determined and stored for 
each operator's individual characteristics, 
enabling automation of an optimal series for 
successive tasks in real time. 
For More Information Write In No. 735 
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Pbolograph and FEA model provided counesy of Today's Kids, Dallas and ORO Corporslion. 1\1158. 

WITH ANSYS® FEA, IT'S EASY TO 

SOLVE EVEN THE HARDEST PROBLEMS. 

Complex design analysis will never be 

confused with childs ' play. But with 

ANSYS FEA, it's easier. .. faster. .. 

and more interactive than ever before. 

Not to mention more fun. New 

users navigate smoothly through ANSYS 

X-Windows Motif-based GUI, making the 

program's powerful capabilities easier to 

learn and apply. Experienced users simply 

work more efficiently. Underneath the inter-

face is the same comprehensive code that 

makes ANSYS the industry 's leading FEA 

program, with over 37,000 seats worldwide. 

Just ask Today's Kids which software 

worked best to optimize their play slide 

design. They 'll tell you there was no ques-

tion. It 's ANSYS. Call today for more 

details: 1-800-WE-R-FEA-1 (1-800-937-3321). 

@s.J.. . swansOnAnaIYSiSSystems,lnc. 
~Ot:f;) Johnson Road , PO Box 65 

Houston, PA 15342- 0065 

ANSYS FEA model cons/rtlcted/rom a Pro/ENG INEER-

assembly accurately sho ..... ed Ihal large. nonli"ear deJ1ec-

lions tripled tire maximum stresst!s in 'Ire slide hondrail. 

ClI994 Swanson Aoalysi Systems, inc:. ANSYS 1$' rel.,le-red LtaCle:mark of SwanlOR Analysis Syslems. Inc. Pro/ENG INE.ER IS • re,l$lerfli tBdc.mark of Panmemc Technolol) CorponIllon. 
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INTRODUCING THE PRECISION 27000 
UNIVERSAL FILTERING AND 

TRANSDUCER CONDITIONING SYSTEM. 

THE DREAM MACHINE. 

control 
lots o:f 
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-andD'1:1. X 

transdu.cers 

easily 

o 

No matter what kind of a signal conditioning system you're longing 
for, the Precision 27000 is a dream come true. 

If you want quality low-cost signal conditioning, the Precision 
27000 gives you unmatched value-it's economical to purchase, 
operate and maintain. 

You can control more than 1,000 channels, choose filter 
characteristics you need and mix different transducer types in 
a single system. 



the 

available 

per.fo.-.n.8nce 
vvith rea I 

an ti-alias 
~ilters for 

data con.version. 

and built-in 
sel:f-testing 

V\7 i t h 

diagnostics 

How about signal conditioning that's easy to set up and operate? 
You can control the Precision 27000 with a simple graphical user 
interface-no software to write. The system also features intel
ligent control algorithms to distribute gain, provide system scaling 
in engineering units and set cutoff frequencies. 

Got bigger dreams? Try the Precision 27000's built-in self-testing 
and diagnostics. Verifying performance is simple and easy. You 
also get anti-alias filters so your signal output is ready for AID 

o 
o 

conversion. And we give you the performance and quality Precision 
Filters is known for. 

Let us help you turn your dreams into reality. Call (607) 277-3550. 
Fax (607) 277-4466. Or write Precision Filters, Inc., 240 Cherry St., 
Ithaca, NY 14850. 

For More Information Write In No. 517 



New Produclldeas 
New Product Ideas are just a 
few of the many innovations 
described in this issue of NASA 
Tech Briefs and having 
promising commercial 
applications. Each is discussed 
further on the referenced page 
in the appropriate section in 

this issue. If you are 
interested in developing a 
product from these or other 
NASA innovations, you can 
receive further technical 
information by requesting 
the TSP referenced at the end 
of the full-length article or by 

writing the Technology 
Utilization Office of the 
sponsoring NASA center 
(see page 20). NASA's patent
licensing program to 
encourage commercial 
development is described 
on page 20. 

Capaciflector Camera 
Sensing electrodes arranged in rows 
and columns can be used to generate 
capacitive images. Sensors of this type 
can be used by robot-control circuits to 
prevent collisions with objects, to identi
fy objects, or to navigate amongst them. 
(See page 58.) 

Rapid Measurement of 
Asbestos Content of 
Building 
A small spectrophotometer would give 
fast, dependable indications onsite. 
Building renovators would not have to 
go through elaborate sample-collection 
and laboratory procedures to determine 
the need for removal of asbestos. 

High-Performance 
Miniature Hygrometer 
This relatively inexpensive unit mea
sures dewpoints as much as 100°C 
below ambient temperatures, with an 
accuracy of 0.1 °C, and 100 times as 
fast as conventional hygrometers. 
(See page 72.) 

High-Hot-Strength 
Ceramic Fibers 

(See page 77.) Making Semicrystalline 
Polyimide Powders 

Continuous fibers that consist of lamel
lae of alumina and yttrium aluminum 
garnet offer exceptionally high strength, 
resistance to creep, and chemical sta
bility at high temperatures. These fibers 
outperform sapphire fibers. 

Alarm- and Power
Monitoring System 
This system enables monitoring of 
many remote equipment modules. It 
monitors data on alarms and power 
supplies and can cover up to 256 
remote terminal units. 

These powders are formed in reaction 
vessels, without grinding. They are 
commercially attractive for fabrication of 
adhesive bonds, compression molding 
of shaped parts, and deposition onto 
reinforcing fibers for hot-pressing into 
polyimide-matrixlfiber composites. (See page 81.) 
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(See page 58.) (See page 80.) 

High performance data acguisition 
... without the headaclies! 

Snap-Master'sTM "no programming" approach has 
your data acquisition, analysis and control application 
up and running in minutes ... without the headaches of 
other data acquisition system . Version 3.0 now add 
unprecedented features while enhancing ease of use. 
As BYTE magazine tated in their July 1994 issue, 
" ... it was trivial to get exactly the output I wanted." 

"Snap-Master's graphics are second to none" 
- BYTE magazine, July 1994 

Snap-Master's flow chart design turns your PC/AT 
compatible computer into a data acquisition system, 
digital storage 0 cilloscope, stripchart recorder, PID 
controller, waveform generator, frequency spectrum 
analyzer or waveform analyzer 

• Acquisition to IMHz, real-time plotting to 110Kpts/sec 

• Direct to disk up to 180 KHz; 400 KHz to RAM 

• Capture over 3 million data points with deep software 
pre-trigger buffer 

• Over 250 DDE commands to control Snap-Master from 
Vi ual Basic or other applications 

• New GUI front panel displays 

• Open architecture for customized appLications or 
hardware compatibility 

HEM Data Corp. Sou Mich. 
TEL: (810) 559-5607 PAX: (810) 559-8008 

For More Information Write In No. 403 NASA Tech Briefs, October 1994 



Put your finger on a 
Programmable Switch Solution. 

Photo: Courtesy of NASNJohnson Space Center Photo: Courtesy of Honeywell Military Avionics 

Simplified solutions for complex designs. 

The VIVISUN 5000 Programmable Switch is an NDI 
system.This user friendly, ready-to-use, system comnlU
nicates with your host computer via RS-232C or RS-
422 serial data Iink.This Programmable Switch system 

is ruggedized to meet the 
environmental demands of 
all military programs. 

Each VIVISUN 5000 
Programmable Switch has 
a matrix of 560 LED pixels 
that provide total legend 
flexibility for alphanumeric 
and graphic messages. In 

addition, these messages are software controlled 
to provide both sunlight readability (10,000 foot
candles) and NVIS compliance per MIL-L-85762A. 

This unequaled lighting perlormance combined 
with a wide viewing angle and positive tactile switch 
response qualifies the VIVISUN 5000 Programmable 
Switch as the ultimate interlace solution for any mili
tary program. 

Contact us today. 

AEROSMCI: OPTICS INC. 
3201 Sandy Lane, FortWorth,Texas 76112 

Call (817) 451-1141 or Fax (817) 654-3405 



Special Focus: 
Data Acquisition and Analysis 

= Personal Computer Monitors Instrumentation Bus 
Special-purpose monitoring equipment is unnecessary 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An IBM-compatible personal comput
er can be used instead of a logic analyz
er or other special instrument to monitor 
an IEEE-488 interface data bus that 
interconnects various pieces of laborato
ry equipment. All that is needed are a 
short program for the computer, a com
mercial general-purpose interface bus 
(GPIB) circuit card mounted in the com
puter, and an adapter cable to link the 
card to the bus (see figure). 

Personal Computer 

General·Purpose-
Interface-Bus 
Circuit Card 

f--i Spe.:lal Cable 

Bus Control 

1"-

A 

K lEE 488 Bue , 
..I.. 
Various 

Instruments 

The Personal 
Computer 
Monitors The 
Bus through a 
special cable in 
which pin 11 is 
switched with 
pin 16. 

The bus, which conforms to a stan
dard set by the Institute of Electrical and 
Electronics Engineers, is ordinarily used 
to connect a host computer (called a 
bus controller), with voltmeters, power 
meters, signal generators, power sup
plies, and other laboratory instruments. 
Each instrument is given a unique 
address, and the controller sends com
mands to the addresses to set scales, 
interrogate for statuses, and take mea
surements, for example. 

COMPUTER SET UP AS BUS ANAL YlER 

When the computer is programmed 
with the special software and the 
adapter cable is installed, the computer 
functions as a bus analyzer, noting all 
messages that flow over the bus. The 
software makes the computer track the 
addresses that are enabled and reports 
all messages. The results can be record
ed in a data file or simply displayed on 
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the video monitor of the computer. The 
software is available in either Ada or 
Quick Basic language. 

This work was done by Bruce L. 

= Optimal Preprocessing of GPS Data 

1 

111 
~! 
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Conroy of Caitech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 14 on the TSP 
Request Card. NPO-18700. 

The number of data is reduced without degrading the strength of the data 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An improved technique for prepro
cessing data from a Global POSitioning 
System (GPS) receiver reduces the pro
cessing time and the number of data 
that have to be stored. The technique is 
optimal in the sense that it maintains the 
strength of the data. It can also some
times increase the ability to resolve 
ambiguities in the numbers of cycles of 
the received GPS carrier signals. 

To give meaning to even a brief 
description of the improved preprocess
ing technique, it is necessary to describe 
some aspects of preprocessing and 
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processing of GPS data. Preprocessing 
of GPS data involves combination of the 
four streams of GPS data, which are 
described below, into one stream of 
data. As used here, "strength" denotes a 
semiquantitative measure of the validity, 
utility, and/or precision of the data, and it 
increases with decreasing standard 
deviation of the data. 

Preprocessing is applicable to data on 
the signals received from one GPS satel
lite. Each GPS satellite transmits at two 
frequencies: fl = 1.57542 GHz and f2 = 
1.2276 GHz. By use of (1) satellite-

Prior Method 'E 
'" -g§ 
as c 2.4 
Q) .2 
6~ 1.8 
.. Q> 

e°1.2 w ~ __ L-~ __ -L __ L-~ __ ~ 

o 20 40 60 80 100 120 
Time Past Epoch, min 

The Error in Determination of Position of 
a site that carries a GPS receiver is reduced 
by use of the improved data preprocessing 
technique. 

NASA Tech Briefs, October 1994 



We never lose sight of the details. 
When it comes to electronic image capture, 

nothing escapes the notice of the KODAK 

MEGAPLUS Camera. Incorporating our ad

vanced CCD sensor technology, our MEGAPLUS Cameras feature 

ultra-sharp resolutions of up to 2029 x 2044, along with square pixels 

for greater light sensitivity and sub-pixel accuracy. Best of all, they 

deliver pictures in a digital format that's readily com

patible with your display and analysis hardware. Call to 

learn more about our line of digital imaging products. 

In Uving Color I 
With 24-bit precision color and 2.6 mil
lion pixels, the KODAK MEGAPLUS 
XRC Camera is ideal for use in film 
animation, electronic publishing and 
other color-critical applications. The 
XRC camera also feamres four different 
high-defmition display modes, a high
speed SCSI port and RGB connections 
for analog display. 

For More Infonnation Write In No. 472 

A Resolution Revolutionl 
With 4.2 million pixels per image, 
the KODAKMEGAPLUS Camera, 
Model 4.2 is ideal for use in metrol
ogy, microscopy, machine vision, 
document digitization, semiconduc
tor inspection and other applications 
requiring the highest resolution. The 
camera fearures 8-bit pixel depth, 
frame rates of 2.1 images/second, 
analog and digital video outputs. 

For More Information Write In No. 473 

Eye-Catching nagesl 
The KODAK MEGAPLUS Cam
era, ModellA is a proven performer 
in applications such as medical 
imaging, document digitization and 
quality assurance inspection. With 
a 1320 x 1035 pixel array, this cam
era's resolution is four times better 
than competitive cameras-ata price 
that's more affordable than ever. 

For More Information Write In No. 474 

For more informa
tion about KODAK 
MEGAPLUS Cameras 
or any of our other 
professional imaging 
products, call us at 
1-800-462-4307, 
ext. 133. 



ta Acquisi 
the widest selection of ND systems, 
conditioning, and software, 10tech's 

series leads the way in notebook 
portable data acquisition systems. 

DaqBook systems offer: 
PC connection via parallel port, enhanced 
parallel port (EPP), or PCMClA 
12- or 16-bit, 100 kHz ND conversion 

• 1 OOK reading/s real-time storage to disk 
• 512-location randomly programmable 

channel/gain queue 
• high-speed digital I/O & counter/timers 
• AC or DC operable 

Signal Conditioning 
DaqBooks can be expanded up to 256 

channels of mixed signal inputs while main
taining a 10 lis/channel scan rate. Our family 
of economical, compact signal conditioning 
cards provides: 
• high- & low-gain channel expansion 
• simultaneous sample & hold 
• thermocouple inputs 
• strain-gage inputs 
• 4-20 mA inputs 
• isolated volt, thermocouple, RTD, 

& strain-gage inputs 
• low-pass filtering 

Software Support 
The DaqBooks unsurpassed software support 
includes: 
• DOS & Windows drivers for BASIC, Visual 

Basic, C, & Pascal 
• Visual Basic eXtensions (VBXs) 
• DaqView & PostView graphical applications 
• Snap-Master'" drivers 
• Labtech Notebook'" drivers 
• DasyLab'" drivers 
• LabVi~ drivers 

From S695 

Contact us today for 
your free DaqBook 
family data sheet and 
Snap-Master'" for 
Windows'" demo disk. _ 

(216) 439·4091 • Fax 1216) 439·4093 

the smart approach to instrumentation" 

IOtech,lnc . • 25971 Cannon Road' Cleveland, Ohio 44146 

30 For More Information Write In No. 404 

ephemeris data broadcast via at least 
four GPS satellites themselves plus (2) 
measured times of arrival of signals from 
these GPS satellites, the data-process
ing subsystem in a GPS receiver can 
compute the position of the receiver. 
The range (distance) between the receiv
er and each satellite transmitter is an 
essential component of GPS data. 

A GPS receiver can acquire two types 
of precise data from the fl and f2 signals 
from each satellite: these are the P-code 
pseudoranges and the phases of the f 1 

and f2 carrier signals. Except for conta
mination by clock errors, atmospheric 
delays, and instrumental delays, 
pseudorange is an absolute measure of 
the range between the transmitter and 
the receiver. The phase of a carrier sig
nal is also a measure of range but differs 
from pseudorange in two respects: it is 
biased by an unknown integral number 
of cycles, and it is characterized by a 
data noise much lower than that of 
pseudorange. Hence, these two data 
types complement each other nicely, 
and together they provide information 
substantially stronger than does either 
by itself. 

It is common practice to combine 
measurements at the two frequencies to 
remove the ionospheric delays. This 
combination is performed independently, 
and thus suboptimally for pseudorange 
and carrier phase, leaving two streams 
of data to be used in the estimation 
process that follows. These two streams 
of data can be combined further to re
duce the volume of data, but the prepro
cessing technique used heretofore for 
this purpose was again suboptimal in 
that it diminished that strength of the data. 

The four streams of GPS data from 
one satellite are given by 

<1>1 (t;) = p(t;) - (l1 s(t;) + Bl with data 
noise all> 

<1>2(t;) = p(t;) - (l2S(t;) + B2 with data 
noise all> 

R1(t;) = p(t;) + (llS(t;) with data noise aR 

R2(t;) = p(t;) + ~s(t;) with data noise aR 
for i = 1,2, ... N, where t; is the ith obser
vation time, <1> is the measured phase of 
a carrier signal, R is a measured 
pseudorange, the subscripts 1 and 2 
denote the two frequencies, p(t;) is the 
ionosphere-free pseudorange, s(t;) is a 
quantity proportional to the line-of-sight 
ionospheric electron content, Bl and B2 
are carrier-phase biases (ambiguities in 
the number of cycles), which are 
unknown and constant over the whole 
span of the data, 

(l1 = rlI(f1 2
- f/-J 

and 
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The data noise is assumed to be 
white and of the same level in the f1 and 
f2 signals. This completes the necessary 
descript ion of GPS data to be pre
processed and processed. 

The improved preprocessing tech
nique is based partly on elimination of 8 1 
and 8 2 in the data-stream equations and 
introduction of a correlation between the 
<1>1 and <1>2' It is feasible to base the 

technique partly on these concepts 
because a common bias with a given 
uncertainty is equivalent to a fully corre
lated data noise of the same uncertainty. 
The resulting modified data-stream 
equations are written in a matrix-vector 
form that facilitates simplification, leading 
to a complicated but nevertheless 
closed-form equation that combines the 
four streams of data into an optimal , 
weighted-least-squares estimate of p(t;) , 
plus an associated equation for the 

covariance of p; the form of the latter 
equation is identical to that of a stream 
of carrier-phase measurements w ith 
constrained bias. The figure illustrates an 
example of the increase in precision 
afforded by use of the improved pro
cessing technique. 

This work was done by Sien-Chong 
Wu and William G. Melboume of Caltech 
for NASA's Jet Propulsion Labora
tory. For further information, write in 6 
on the TSP Request Card. NPO-18767. 

o System Acquires Data on Reactivities of Foams 
High rates of acquisition enable analysis of fast-reacting sprays. 
Marshall Space Flight Center, Alabama 

A data-acquisition and -plotting sys
tem, called the DAPSTM, has been devel
oped to enable accurate and objective 
determination of physical properties 
related to the reactivities of polyurethane 
and polyisocyanurate foams. The 
DAPSTM is an automated, computer-con
trolled test apparatus that acquires data 
on rates of rise, rise profiles, exothermic 
temperatures, and internal pressures of 
foams prepared from both manual and 
machine-mixed batches. The data are 
used to determine minute differences 

between the reaction kinetics and 
exothermic profiles of foam formulations, 
the properties of the end products of 
which are statistically undifferentiated. 
The DAPS was developed because the 
results of measurements performed by 
older manual techniques depended on 
the training and experience of test tech
nicians. The automated apparatus yields 
repeatable results and provides many more 
data in nearly continuous data plots (as 
compared with relatively few data pOints 
recorded manually) . The DAPSTM thus 
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provides a significant improvement in 
determination of reactivity. 

Several improvements have been made 
since the original version of the DAPS was 
built. The DAPS software was changed to 
give users control of the data-acquisition 
rates: initially, the rate was fixed at 4 sam
ples per second; now, the rate can be 
set at 1, 2, 4, 8, or 16 samples per sec
ond. Fast sampling is needed for analy
sis of fast-reacting foams, the low-tem
perature [35°F (1 rC)] reactivity profiles 
of which are typically characterized by 
completion times of 6 to 10 seconds. To 
enable sampling at the greater rates, an 
ultrasonic sensor assembly in the DAPS 
was replaced by a newer assembly that 
offers improved focusing and internal 
calibration . 

New read-only memory chips contain
ing a firmware image program were in
stalled in a microprocessor in the 
ultrasonic-sensor assembly to establish 
the faster sampling. Other firmware on 
the added chips corrected minor prob
lems associated with the transfer and 
manipulation of data. Thermocouples of 
different sizes were tested to select one 
that gives the best compromise between 
rapid response to exothermic changes 
of fast-reacting foam sprays and long 
operational lifetimes. The selected ther
mocouple lasted for 80 pours. 

A number of other Significant changes 
were made in software. A user-selectable 
delay before acquisition of data begins was 
added to allow for the various times re
quired for mixing of the ingredients of 
various foams. The rate of acquisition of 
temperature and pressure data was made 
selectable at either one or two samples 
per second. The number of pours to be 
displayed was increased from the original 
two to five. Pour-setup information, includ
ing durations of tests, repeat series for au
totermination, and holdoff times to allow 
for calculation of rates, was added to the 
data file. User-selectable pour data, in-
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cluding the weights of cups that contain 
components, mixing times, bung weights, 
and the initials of test technicians were 
added to system menus. Selectability of 
the degree of smoothing of data was 

added, as was the ability to accept gel 
and marker data, pending the incorpora
tion of algorithms that will produce such 
data. An option to plot the data auto
matically after each pour was added. 

This work was done by Joe T. Walls of 
Martin Marietta Corp. for Marshall 
Space Flight Center. For further infor
mation, write in 66 on the TSP Request 
Card. MFS-28804 

C High-Storage-Capacity Accelerometer System 
Small, low-frequency accelerations are recorded for subsequent analysis. 

Lewis Research Center, Cleveland, Ohio 
An instrumentation system measures 

and records accelerations at frequencies 
from a to 1 00 Hz and magnitudes from 
10-5 to 0.5 9 (where 9 = 9.8 m/s2, ap
proximately the gravitational acceleration 
at the surface of the Earth). The system 
can store gigabytes of acceleration-ver
sus time data on optical disks for later 
analysis. The system was developed to 
aid research on small accelerations in a 
spacecraft in orbit. It can also be used 
on Earth; for example, with modified 
acceleration sensors to monitor the 
acceleration environments of sensitive 
products transported by airplanes, rail
road trains, trucks, or ships. 

The system (see figure) includes a 
main unit for electronic control unit and 
three sensor heads. The main unit con
tains a microprocessor, analog-to-digital 
converters, two to six optical-disk 
recorders, electronic signal filters, a con
trol panel, and power converters. Each 
sensor head contains three orthogonal 
sensors, an electronic signal filter, and an 
amplifier capable of gain settings of 1, 
10, 100, and 1,000, providing a dynamic 
range from 101 to 104 V/g. The analog 
signals generated by the sensors are 
amplified and filtered in the sensor 
heads before transmission to the main 
unit. 

The signals are filtered further in the main 
unit, then converted from analog to 16-bit 
digital format by a phase-coherent 
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Triaxial Sensor Heads can be located as far as 20 ft (6 m) from the main unit. The inter
range instrument group (IRIG) decoder board obtains mission elapsed-time data, which are 
then interleaved with acceleration data before recording on optical disks. 

process . The microprocessor in the 
main unit controls the data-sampling rate, 
which can range from 12.5 to 500 sam
ples per second, for each of the 9 accel
eration sensors. The microprocessor also 
sets the gains of the variable-gain analog 
amplifiers in the heads according to the 
magnitudes of the signals. 

The digital data are fed to the optical
disk recorders; one side of each disk 
can hold 200 megabytes of data. If the 
disks can be changed manually or 

automatically, the number of data that 
can be recorded is nearly unlimited. 

This work was done by Theodore L. 
Chase, Neil D. Rowe, Richard DeLombard, 
John M. Koudelka, William M. Foster II, 
and John E. Thomas of Lewis Research 
Center and Donald H. Priebe, John A. 
Heese, and Brian Rnley of Sverdrup Tech
nology, Inc. For further information, write 
in 53 on the TSP Request Card. 
LEW-15529 

t) SAR Processing Based on Two-Dimensional Transfer Function 
An algorithm based on the ETF outperforms others. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The exact transfer function (ETF) is a 

two-dimensional transfer function that 
constitutes the basis of an improved 
frequency-domain-convolution algorithm 
for processing synthetic-aperture-radar 
(SAR) data. The ETF incorporates terms 
that account for the Doppler effect of 
the motion of the radar relative to the 
scanned ground area and for the 
antenna squint angle. 

The ETF algorithm was derived in an 

34 

effort to overcome the disadvantages of 
a prior frequency-domain-convolution al
gorithm called the "range-Doppler" (RD) 
algorithm. The RD algorithm is based part
lyon the assumption that a two-dimen
sional transfer function that represents the 
phase history of a point target can be 
derived from a product of two one
dimensional functions in the time 
domain. 

One of the disadvantages of the RD 

algorithm is that it requires extra interpo
lation of data to compensate for the vari
ation in the distance between the radar 
and the target ("range migration" for 
short). Another disadvantage is that the 
predicted range-migration curve in the 
range-time-vs. -azimuth-frequency 
domain may not be accurate, leading to 
degradation of the impu lse response 
function. A related algorithm called the 
secondary-range-compression (SRC) 
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algorithm compensates for this degra
dation at small squint angles; another 
related algorithm called the squint-imag
ing-mode (SIM) algorithm compensates 
for this degradation at large squint 
angles, but is also disadvantageous in 
that it entails additional vector multipli
cations in the frequency domain. 

In deriving the ETF algorithm, it is as
sumed that the phase history of a point 
target is a two-dimensional function in the 
time domain. Despite its name, the 
exact transfer function is not exact: It is 
based partly on the assumption that 
after the range-compression stage of 

SAR processing, the response function 
of a point target in the range or range
time dimension can be approximated by 
a delta function. It is also assumed that 
the phase history of a point target within 
the width of the radar beam can be well 
approximated by a quadratic function of 
time. Taking the two-dimensional Fourier 
transform of the resulting time-domain 
point-target response function and assum
ing a large time-bandwidth product, one 
obtains the frequency-domain point-tar
get response function (HETF) , which is 
the desired ETF: 
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2fd (fl + fc)'~l } 
+ -f- '2- f f 

r cr 

where A is a factor of proportionality, fc 
is the carrier frequency, f1 is the range 
frequency, f2 is the azimuth frequency, fd 
is the Doppler centroid frequency, and 'r 
is the rate of change of Doppler frequen
cy. The second and third terms disap
pear when the radar beam is aimed 
broadside to the ground track. 

One of the advantages of HETF is that 
it is explicit in terms of fd and 'r, both of 
which can be estimated conveniently and 
accurately from SAR data. The ETF algo
rithm was analyzed, in comparison with the 
RD, SRC, and SIM algorithms, both alge
braically with respect to phase errors (see 
figure) and by computer simulation using 
synthetic radar echoes from pOint targets 
and parameters of the SEASAT SAR sys
tem. The results show that the ETF offers 
superior performance at large squint angles. 

This work was done by Chi-Yung Chang, 
Michael Y. Jin, and John C. Curlander of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, write 
in 96 on the TSP Request Card. 
NPO-18895 
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The Residual Phase Errors of the transfer 
functions of the RD, SRC, and SIM algorithms 
(that is, the phase errors of these algorithms 
beyond that of the ETF) increase with the 
squint angie. The phase error is an important 
measure of performance because it affects 
the system impulse response function . 

NASA Tech Briefs, October 1994 



HiPlor 7000 Series 

CALL FOR NEW LOW PRICING 
ON OUR PLOTTERS 
LIMITED TIME ONLY. 

Our Competition is 
1000/0 Behind Us. 

Hey, facts are facts! The HiPlot 7000 Series 
D- and E-size pen plotters are the best in the world. 

• 100% More Versatility. Our exclusive 
SCAN'(AD accessory allows the HiPlot to 
double as a wide format, 400dpi scanner -
for under $2,700! 

• 100% Faster. HiPlot combines 5.7g accelera
tion and 45ips velocity to produce ~ 
plots twice as fast as HP DrahPro (/J"'I~ • 3-Year Warranty. HiPlot's unique Flexloop'" 
Plus. It even beats the DesignJet'" ~ platen, HI" Grip drive system and Plotting-On-Air 
650C on some drawings. ErA .OllunON.REVENTU design revolutionize the way pen plotters handle 

• 100% More Accurate. Even at these higher media. Increased rel iability, backed by an 
velocities, HiPlot delivers 0.1 % accuracy com- increase in warranty coverage. 
pared to 0.2% for the DrahPro plus - and the • $300 to $5000 Less. The kicker - you get all 
DesignJet 65OC. this speed, quality 

• 100% More Plotter Acceleration Accuracy Plot Time' Intelligence and versatili~ at a 
I tell' HiPiot 7200 5.79 0.1% 31 minutes Vector Vector I . t n Igence. Sorting look.Aheod ower price an 
Vector sorting and HP DrakPro Plus 3.0g 0.2% 69 minutes N/ A N/ A the HP DrakPro Plus 
vector look-ohead and the DesignJet 
minimize motion • Based on plot shown above using AutoCAD* Releose 12 on a 386 33MHz computer. 650C. If this makes 
and make HiPlot's curves noticeably smoother you think twice, give us a call for more informa-
than DrakPro Plus and the DesignJet 650C. tion and for the HiPlot dealer nearest you . 

HiPlot® 7000 Series 
Sunnag,aphics. 

' -800-337-8662 
For More Information Write In No. 672 



Electronic Components 
and Circuits 

Precise-Test-Pulse Generator 
This circuit produces single test pulses of stable duration and amplitude. 

Lewis Research Center, Cleveland, Ohio 

A precise test pulse with a stable du
ration and amplitude is often needed for 
calibration of test equipment. The figures 
illustrate a precise-test-pulse generator 
that provides such a waveform and has 
many additional desirable features. 

One of the requirements for the de
sign of this pulse generator is that it be 
capable of driving four 50-Q loads with a 
single 1 OO-~s-Iong output pulse when 
triggered. The output pulse is required to 
have a stable amplitude selectable at 
either 0.5 or 0.25 V. The polarity of the 
output must also be selectable. BLOCK DIAGRAM 

Clock Signal 

Output of Divide-
.. by·Ten CircuH 

U1 is a quartz-crystal-controlled oscil
lator that provides a 1-MHz clock signal. 
Pullup resistor R1 provides a 15-V clock 
pulse to divider U2. The output of U2 is a 
100-kHz square wave, which is connect
ed to clock 2 of the dual D flip-flop U4. 
U4 is configured as a digital one-shot. 

j 
i 
j 

Trigger Signal ---111--_~ __ ~ __ ~ __ +-__ _ 

The trigger contact is connected to 
the input of Schmitt trigger U3. The out
put of U3 is connected to clock 1 of U4. 
D1 of U4 is pulled high. Reset 1 of U4 is 
connected to output 2 of U4. Output 1 
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Figure 1. These 
Block and TIming 
Diagrams illustrate 
the essential func
tions of the precise
test-pulse generator. 

Figure 2. The 
Precise-Test-Pulse 
Generator is made 
of commercially avail
able integrated cir
cuits and discrete 
components. 
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of U4 is connected to 02 of U4. 
Triggering the pulse generator pro

vides a pulse to the second flip-flop. The 
second flip-flop then produces a single 
pulse with a duration equal to that of the 
clock input and resets the first flip-flop. 
Thus, a single 1 OO-~s pulse with a stabil
ity equal to that of the clock is provided. 

The amplitude of the output of U4 is 
regulated by resistor R3 and the temper
ature-compensated zener diode Z1 . The 
6.2-V pulse is fed to the normally closed 
contact of the polarity-switching relay 
K1. The pulse is also fed to the input 
of the high-speed operational amplifier 
U5, which is configured as a unity-gain 
inverter. The output of U5 is a negative 
pulse, which is fed to the normally open 

contact of K1 . Thus, K1 can be used to 
select either a positive or negative pulse 
by activating or not activating via the 
polarity-contact closure. 

The common contact of K1 is con
nected to two adjustable voltage divid
ers that comprise resistors R7 and Rg 
and potentiometers Ra and RlO. Each 
potentiometer provides a pulse ampli
tude adjustable from 0 to 0.5 V. The 
wiper of one potentiometer is connected 
to the normally open contact of am
plitude-switching relay K2. The wiper of 
the other potentiometer is connected to 
the normally closed contact of K2 . The 
common contact of K2 is connected to 
the input of the wideband high-power 
operational amplifier U4, which is config-

ured as a unity-gain buffer amplifier. The 
output of U4 is capable of providing 2 A 
continuously and thus can easily drive 
four 50-Q loads in parallel. 

The circuit can be readily modified to 
accommodate other test requirements. 
The duration of the pulse can be modified 
by a clock U1 of different frequency or by 
changing the frequency divider U2. The 
amplitude of the pulse can be increased 
to as much as 15 V, the exact value 
depending upon the value of the zener 
diode Z1 and the values of the voltage
divider resistances R7, Ra, Rg, and R10. 

This work was done by Dennis 
Eichenberg of Lewis Research Center. 
No further documentation is available. 
LEW-15727 

Improved Fabrication of Back-to-Back Planar Varactor Diodes 
Processing is simpler, and the processed devices are more robust. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An improved method for the fabrica
tion of GaAs-based back-to-back planar 
varactor diodes simplifies processing 
and makes the fabricated devices less 
vulnerable to damage at various interme
diate process steps. In so doing, the 
method is expected to increase device 
yields. 

Planar varactor diodes are being de
veloped to replace whisker-contact varac
tor devices in submillimeter-wave hetero
dyne receivers . The planar devices are 
more rugged than whisker-contact 
devices are; the planar devices are also 
amenable to integration into relatively 
large planar arrays that could be useful 
in communication systems. 

Two essential parts of the fabrication 
of individual devices or an array of such 
devices are (1) the deposition of metal 
contact pads that make contact only at 
desired isolated locations on each 
device and (2) the isolation of each 
device from other devices fabricated on 
the same wafer. In fabrication by older 
methods, such isolation has been effect
ed by use of isolation implants and/or by 
etching away material from the front 
sides of the wafers to form mesas that 
constitute the individual devices. Both of 
these techniques are problematic and, in 
some applications, involve the difficulty of 
handling of extremely small and/or thin 
parts that are easily damaged. 
. The left side of the figure illustrates a 

device at several prinCipal steps of a 
typical older fabrication process, in which 
the front-side mesa etch is performed 
first. The right side of the figure illustrates 
principal steps in fabrication according 
to the improved method, in which 
process steps are juggled into a different 
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Dummy (Backing) Wafer Backing (Dummy) Wafer 

OLDER METHOD 

order and modified. One net effect of the 
juggling and modification is to keep the 
various layers and the patterns formed 
therein essentially planar (therefore 
rugged) during the intermediate process 
steps and to eliminate the need to handle 
the thinned structures. Another net effect 
is to defer the mesa isolation and asso
ciated metallization steps until near the 
end of the process, in such a way as to 
eliminate the difficulties involved in mesa 
isolation and metallization at the begin
ning as in older methods. 

In the improved method, the deposition 
of metal contact pads on the top and 
any other top-side processing are per-

NEWER METHOD 

formed first; there is no preceding mesa 
step. A passivating layer (e.g., SiNx) is 
depOSited over the metal, then the wafer 
is turned upside down and bonded to a 
backing or dummy wafer by use of wax, 
epoxy, glue, or other suitable adhesive. 
The wafer thus mounted is etched down 
to the required small thickness (typically 1 
to 3 ~m) . Then the mesa etch is per
formed, leaving the metal contact pads, 
passivating layer, and mesas adhering to 
the dummy wafer. 

Processing after this step depends on 
the application: Typically, it involves de
position of a passivating or dielectric layer 
and patterning of this layer for access to 
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the metal contact pads. Optionally, the 
devices can be left arrayed on the back
ing wafer or removed by melting or dis
solution of the adhesive. 

This work was done by Richard P. 
Smith, Oebabani Choudhury, Suzanne C. 

Martin, and Margaret A. Frerking of Cal
tech for NASA's Jet Propulsion Labo
ratory. For further information, write in 
97 on the TSP Request Card. 
NPO-18800 

Improved Programmable High-Voltage 
Power Supply 
Voltage regulation with low power dissipation is provided on the 
high-voltage side. 

Goddard Space Flight Center, Greenbelt Maryland 

An improved dc-to-dc converter func
tions as a programmable high-voltage 
power supply with a low-power-dissipation 
voltage regulator on the high-voltage 
side. The design of this power supply 
overcomes the deficiencies of some older 
deSigns in which voltage regulation takes 
place on the low-voltage side and prob
lems arise in connection with the com pet -
ing requirements to both (a) sense the 
high voltage to provide feedback to the 
voltage-regulator circuitry and (b) isolate 
the high voltage from the circuitry on the 
low-voltage side. The design of this 
power supply also overcomes the major 
deficiency of other older designs in which 
the voltage-regulator Circuitry lies on the 
high-voltage side and diSSipates more 
power than is desirable. 

This power supply can operate from a 
poorly regulated input dc supply that 
can range from 21 to 35 Vdc and deliv
ers a regulated high voltage that can be 
set at any of a number of commanded 
levels up to about 4 kVdc. The input 
power is first processed through an input 
filter and preregulator, which supplies 20 
Vdc to a 100-kHz sinusoidal oscillator. 
The output of the oscillator, at 40 V peak 
to peak, is fed to a step-up transformer, 
which isolates the low-voltage side from 
the high-voltage side. 

The output of the transformer, at 500 
V peak to peak, is fed to the series com
bination of a regulator circuit and a con-

I 

Low·Voltage Side I HIgh·Voltage Side 
I 

NoIe : Ground 1 is the ground on the low-vot1age side. Ground 2. which 

ventional Cockcraft-Walton voltage mul
tiplier, which can deliver a maximum of 4 
kVdc. The output of the voltage multipli
er is filtered, yielding a high voltage of up 
to 4 kVdc with a ripple of about 10 mV 
peak to peak. 

The output of the filter is connected to 
an internal load in the fomn of a network 
of resistors. A 100-kQ resistor in the in
ternal load protects against overcurrent 
in the event that the high-voltage output 
terminals are short-circuited. The series 
combination of a 400-MW and an 800-
kW resistor acts as a low-power-dissipa
tion voltage divider that provides a small 
feedback voltage to a feedback network. 
A 0.01-I-lF capacitor suppresses high
frequency transients so that the feed
back network and regulator respond to 
only the relatively slowly varying output 
dc high voltage. 

The feedback network provides for var
iations in gains and shifting of levels in 
passing the feedback voltage to the reg
ulator circuit. The overall function of the 
feedback network and regulator circuit is 
to increase or decrease the conductance 
of that part of the regulator circuit that is 
electrically in series with the transformer 
and voltage multiplier, when the output 
voltage decreases or increases, respec
tively. Thus, the circuits strive to limit the 
excursion of the output voltage from a 
nominal level. The power supply is pro
grammable in the sense that this level 

is on the hlgh-voItage side, cou6d be MctrlcaIIy isQ4aled from ground " 

The Internal Load provides both a low feedback voltage and protection against overcurrent, 
yet it dissipates little power during normal operation . 
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can be selected, from among a number 
of d iscrete values, by sending a d igital 
command to the feedback network. 

This work was done by Karen Castell 
and Arthur Rutberg of Goddard Space 

Flight Center. For further information, 
write in 62 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In
quiries conceming nonexclusive or exclu-

sive license for its commercial develop
ment should be addressed to the Patent 
Counsel, Goddard Space Center [see 
page 20j. Refer to GSC- 13289 

Cellulose Triacetate Dielectric Films for Capacitors 
Advantages include high breakdown strength and a self-healing capability. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Cellulose triacetate is being investigated 
for use as a dielectric material (see figure) in 
high-energy-density capacitors for pulsed
electrical-power systems. Cellulose triac
etate, which was first prepared in the year 
1865, is a soluble derivative of cellulose 
and is used extensively as a substrate 
material for photographic film. 

Cellulose triacetate is a good candidate 
for use as a capacitor dielectric material 
because it has a high oxygen-to-carbon 
ratio, which promotes self-healing during 
and after dielectric breakdown as follows: 
When a dielectric breakdown occurs in a 
capacitor, the resulting short-circuit current 
causes the cellulose triacetate to decom
pose into hydrogen, carbon dioxide, water, 
and other reaction products. These prod
ucts paSSivate the metal electrode(s) (by 
vaporization or oxidation of the metal) in 

the vicinity of the breakdown before any 
Significant electric charge can flow through 
the breakdown region . This causes the 
capacitor to retum to its operating condi
tion almost instantaneously. 

Cellulose triacetate films with thickness
es ranging from 2 to 30 mm were fabricat
ed for use in preliminary experiments by 
the following procedure: Various casting 
solutions were prepared by dissolving 5 to 
10 weight percent of cellulose triacetate in 
a mixture of chloroform, dichloromethane, 
and 2-methoxyethanol. (The chloroform 
and dichloromethane were used as sol
vents; the 2-methoxyethanol served as a 
release agent to facilitate lift -off from the 
casting surface.) Each solution was cast on 
a 5-in. (12.7-cm) laboratory casting drum 
heated to a temperature of 30 °C and was 
dried somewhat on the drum to form a 
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Up to 12)itT1 Thick 

DIELECTRIC SUBSTRATE METALIZED 
ON ONE SIDE 

Films of Cellulose Triacetate can be metal
ized on one or both sides for use as substrates 
for electrodes and/or as dielectrics between 
electrodes in capacitors. Altematively, they can 
be used without metalization as simple dielec
tricfilms . 

film. The film was peeled off the drum and 
dried in an electric oven at a temperature 
of 160 °e. The dried film was wound under 
tension to orient its molecular structure. 

The films thus fabricated were subjected 
to x-ray-diffraction, thermomechanical, ac
impedance, and dielectric-breakdown 
tests. In particular, one film 13 11m thick 
exhibited a dielectric constant of 3.6 and a 
dissipation factor of 0 .016 at a frequency 
of 1 kHz and a breakdown strength of 
12.15 kVlmil (4.783 x 10S Vi m). The com
bined test data suggest that the oriented, 
primarily amorphous crystalline structure of 
the film could be further biaxially oriented 
and the degree of its crystallinity could be 
increased by stretching at a temperature of 
250 °C, with a consequent reduction of 
thickness to <211m and increase in dielec
tric breakdown strength to more than 15 
kVl mil (5.9 x 10S Vim) . 

This work was done by Shiao-Ping S. 
Yen of Caltech and T. Richard Jaw of the 
U.S. Army for NASA's Jet Propulsion 
Laboratory. For further information, write 
in 24 on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent Counsel, 
NASA Resident Office.JPL [see page 20]. 
Refer to NPO-18935. 
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Electromagnetic-Repulsion Systems for Deicing Aircraft 
These systems can be fit to many exterior surfaces, as 
retrofits or original equipment. 

Lewis Research Center, Cleveland, Ohio 

Improved eddy-current electromagnet
ic-repulsion deicing systems have been 
developed for use on a variety of exterior 
aircraft surfaces like the leading edges of 
wings, engine inlets, propellers, and heli
copter rotors. These systems are light in 
weight, consume little average power, 
and are capable of protecting against 

severe icing conditions. 
Older eddy-current electromagnetic-re

pulsion deicing systems include thick 
electromagnet coils that must be mount
ed inside the wings or other surfaces 
from which ice is to be removed, and 
cannot be easily retrofit to preexisting air
craft . Moreover, the older eddy-current 
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systems cannot remove as thin a layer of 
ice as the improved system. In contrast, 
the improved systems include electro
magnet-coil/eddy-current repulsion units 
no more than 0.10 in. (2.5 mm) thick. 
These improved eddy-current systems 
are suitable for retrofitting by conforming 
to and mounting on the exterior of aircraft 
surfaces. In tests, a prototype improved 
eddy-current system removed ice as thin 
as 0.010 in. (0.25 mm), and removed all 
ice over 0.065 in. (1.65 mm) thick. 

The basic principle of operation is the 
same as in the older systems: electrical 
charge on a capacitor is discharged 
through an electromagnet coil, generating 
a pulsed magnetic field that induces eddy 
currents in an adjacent conductive sur
face. A typical discharge reaches a peak 
current of about 4,000 A in a rise time of 
about 70 IJs. The magnetic repulsion 
between the current in the coil and the 
eddy current generates a mechanical 
impulse that moves the outer surface 
rapidly away from the coil layer. This 
movement breaks the ice adhesion 
bonds to the outer surface and expels 
the ice outward. 

Figure 1 shows part of a typical sys
tem that includes a number of electro
magnet coils mounted on the leading 
edge of a swept wing. The coils are cov
ered by an outer sheet, which is 
anchored to the wings along its edges. 
When a coil is energized, the resulting 
impulse momentarily pushes the outer 
sheet a short distance [0.01 to 0.15 in. 
(0.025 to 3.8 mm) during less than 0.1 s] 
outward from the fixed wing surface. 
The outer sheet can cover an area larger 
than that covered by the coils them
selves, so that ice can be removed from 
the larger area without having to cover 
it entirely with coils. 

The top part of Figure 2 illustrates 
schematically a typical coil, which com
prises two flat spirals of copper strip con
ductor about 0.02 in. (0.5 mm) thick, sep
arated by a layer of insulating material 
about 0.01 in. (0.25 mm) thick. A typical 
coil is 5 in. (12.7 cm) in diameter and has 
eight turns in each spiral. The self-induc
tance and resistance of a typical coil are 
20 IJH and 50 mil, respectively. Coils of 
this type can be designed and manufac
tured by established techniques for com
puter-aided design and for mass produc
tion of circuit boards. Pulse-generating 
circuitry under the pilot's control can be 
placed at any convenient location in the 

NASA Tech Briefs, October 1994 
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Figure 1. Eddy
Current-Generating 
Electromagnet Coils 
are mounted at vari
ous locations on the 
leading edge of a 
swept wing and cov
ered by an outer 
sheet. Pulsed electri
cal currents are 
applied to the coils as 
needed,andthe 
resulting mechanical 
impulses in the outer 
sheet knock off accu
mulated ice. 

Figure 2. 
Configurations of 
Coils and 
Associated 
Components can be 
tailored to the specif
ic aircraft surfaces to 
be protected. The 
fiat, counterrotating
spiral coil configura
tion shown here is 
typical. 
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aircraft and connected to the coils via Iow
inductance transmission lines. 

As shown at the bOttom of Rgure 2, 
the relative arrangement of each coil, the 
outer sheet, and the associated compo
nents depends on whether the aircraft sur
face is electrically conductive (e.g., an alu
minum wing of a conventional passenger 
airplane) or nonconductive (e.g., fiber/ma
trix composite material in a lightweight 
advanced aircraft). If the aircraft surface 
is conductive, then the eddy currents are 
generated in either the aircraft surface or 

a copper layer affixed to the aircraft sur
face; the repulsion takes place between 
the coil and the fixed conductive sur
face(s), so that the coil is momentarily 
pressed outward against, and moves with, 
the outer sheet. If the aircraft surface is 
nonconductive, then the coil is affixed to 
the aircraft surface and the eddy currents 
are generated in either a conductive out
er sheet or in a conductive layer adjacent 
to the outer sheet; in this case, the repul
sion takes place between the coil and one 
of the outer conductive layers, so that the 

outer sheet is pressed momentarily out
ward, away from the coil. Testing of proto
types of these improved deiCing systems 
has occurred in an icing wind tunnel and 
during aircraft flights at Lewis Research 
Center. 

This work was done by Samuela. 
Smith and Peter Zieve of E1ectroimpact, 
Inc., for Lewis Research Center. For fur
ther information, write in 46 on the TSP 
Request Card. 
LEW-15487 

Capacitive Measurement of Gaps Between Accelerator 
Grids 
Tedious mechanical and optical measurement techniques are no longer needed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Two techniques that involve simple 
measurements of capacitance provide 
straightforward indications of the distance 
between two closely spaced perforated 
electrodes (also called "grids") in an ion
accelerator apparatus. The measurements 
are needed for adjustment and diagnosis 
because the performance of the accelera-

tor depends strongly on the distance 
between grids. Both normal and abnormal 
handling of the accelerator can alter this 
distance at room temperature; the heating 
and resulting gradients of temperature that 
occur during normal operation can also 
alter the intergrid distance. 

Older techniques for measurement of 

Variants Available 
Within Shell 

Sizes 1, 2, 3, 4, 5 & 6 
CONTACTS: Machined copper alloy, gold over 
nickel plating. Coaxial, High Voltage and Power 
contacts removable. Power contacts 10 to 40 
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ING: Panel and printed board. COUPLING: 
Jackscrew and sl ide lock system. HOODS: Metal, 
plastic. CRIMPING MACHINES: High speed, 
automatic strip and crimp machines. NORMS: " 

the gap at room temperature include refo
cusing microscopes and the use of feeler 
gauges. Other optical and mechanical 
techniques have been used to measure 
the gap at operating temperature (typically 
300 to 500 0G). These older mechanical 
and optical techniques are tedious, neces
sitate considerable handling of the elec-
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Capacitive 
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the grids are relative
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Electrode 
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trodes, and yield measurements on the 
gap between only two points at any given 
time. 

The capacitive measurement techniques 
can be implemented easily at both ambient 
and operating temperatures, and they 
involve much less handling of the grids. 
Indeed, the first technique (see top part of 
figure) can be implemented without touch
ing the grids at all, and it yields a measure
ment representative of the entire intergrid 
gap instead of the gap at one location only. 
Very simply, one attaches a capacitance 
meter to the extemal grid contacts to mea-

sure the capacitance between the grids. 
This measurement is easily converted to an 
intergrid distance by use of the well-known 
approximate proportionality between the 
capacitance and the reciprocal of the dis
tance averaged over the area of the grids. 

The second capacitive measurement 
involves some initial handling of the grid, 
but no handling thereafter, and it yields 
more-detailed information. In this tech
nique, very small pairs of electrodes are 
attached to, but electrically insulated from, 
the grids at several locations of interest. 
The capacitance between the electrodes in 

each such pair is measured, and the inter
electrode gap at the location of each pair is 
then computed from the proportionality 
between the capacitance and a function 
that decreases with distance [the function 
is typically intermediate between (dis
tance)-1 and (distance)-2, the exact form 
depending on the electrode geometry]. 

This work was done by John R. Brophy 
and Charles E. Garner of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further informauon, write in 28 on the TSP 
Request Card. 
NPO-19132 

Compact Electric- and Magnetic-Field Sensor 
A search coil and an electric-field dipole are collocated. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A compact sensor measures both 
electric and magnetic fields. The sensor 
includes both a short electric-field 
dipole and a search-coil magnetometer. 
Three such sensors can be mounted 
orthogonally to provide triaxial measure
ments of an electromagnetic field at fre
quencies ranging from near a to about 
10 kHz. 

The search coil typically consists of 
30,000 turns of fine wire wound on a 
segmented bobbin at the midlength of a 
laminated nickel-steel core of 1 cm2 

cross-sectional area. A preamplifier 
composed of three operational ampli
fiers on a circuit board is mounted near 
the bobbin (see figure) . 

An aluminum housing that surrounds 
the search-coil magnetometer is slit at 
its mid length into two pieces that con
stitute the elements of the electric-field 
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The Electric-Field 
Dipole sensor 

houses the magnet
ic-field core and 

winding as well as 
preamplifiers on cir

cuit boards. 

dipole. The output of the dipole is fed to 
another preamplifier, which is also com
posed of three operational amplifiers on 
a circuit board. 

This work was done by Daniel 
Winterhalter and Edward Smith of 

Electrical 
Connector 

Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 124 on the TSP Request Card. 
NPO-19034 
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Greater speed at less cost. That's the edge you expect 

from your realtime computer simulations. But too ofte1 

you're stuck in the back of the pack - boxed in b~ 

expensive equipment, specialized expertise, and suspect 

simulation results. 

Not any more. 

ACSL Realtime gives you the breakaway solution: 

• Power for the most intensive applications. 

• Simplicity for those rapid, one-off models. 

• Leadership price/performance, right from the start. 

• Highly-tuned architecture for PC and UNIX systems. 

• Investment protection for your realtime models. 

Why ACSL Realtime? It's an extension of the proven 

industry-standard language, with a comprehensive fea

ture set for complete simulation development, verifica

tion, experimentation, and analysis. Advanced GUI 

interface for rapid development. Fast I/O boards for 

maximum flexibility. And support from MGA Software -

the acknowledged simulation experts. 

Take ACSL Realtime out for a test run. 

For a Free Demo Disk, fill out the request card or call 

1-800-647-2275 and experience the leading edge in 

realtime simulation software. 

M~ 
SOFTWARE 

For More Information Write In No. 566 



Electronic Systems 

Eddy-Current Inspection of Tab Seals on Beverage Cans 
An automated quality-assurance system would identify defective cans. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed eddy-current inspection 
system would monitor tab seals on bever
age cans. The device would inspect all 
cans at the usual production rate of 1 ,500 
to 2,000 cans per minute. Thus, automat
ed inspection of all units would replace the 
current method of visual inspection by 
microscope aided by mass spectrometry, 
which is a slow method that can be used 
only for spot checking one out of thou
sands of cans. 

Although the technique of tab sealing is 
well established and reliable, failures still 
occur, and even if only few cans out of a 
million are defective, they must be identi
fied and removed: When a seal fails and 
leaks, it causes corrosion and leakage of 
adjacent cans in storage, creating a messy 
cleanup problem, a tamished manufactur
er's reputation, and a costly monetary set
tlement. Thus an inexpensive, 1 OO-percent 
inspection method is highly desirable. 

The built-in opener on the cover of a 
beverage can consists of a lever in the 
form of a tab fastened to the cover by a 
rivet head that is formed integrally from the 
cover itself. In the process of forming the 
rivet and squeezing its head, several 
defects can occur; these include cracks, 
fractures, and variations in the diameter of 
the rivet head. 

The proposed eddy-current inspection 
system would detect these defects in real 
time. Sealed cans on a conveyor would 
pass near one of two coils in a differential 
eddy-current probe (see figure). The other 
coil in the differential eddy-current probe 

Rivet Tab 

Production Line 

Cans on a Production Line would pass by one of two coils of a differential eddy-current 
probe . Eddy currents induced in the production-line can being inspected should match 
those induced in the reference can. If the mismatch exceeded a predetermined value, the 
inspected can would be considered defective, and an actuator would eject the can from the 

would be positioned near a stationary ref
erence can on which the tab seal is known 
to be of acceptable quality. A signal of a 
certain magnitude (predetermined by 
experiment) at the output of the probe 
would indicate a defective can, which 
would then be automatically ejected from 
the conveyor. 

For accurate readings, it is essential that 
the test and reference cans be in the same 
position relative to their respective probe 
coils. To ensure this, a proximity sensor 
would measure the distance of an ap
proaching can and trigger an eddy-current 

measurement at the instant the can reach
es the proper position. 

A counter would track numbers of 
defective cans. Statistical criteria would 
then be applied to the numbers of defec
tive and nondefective cans to determine 
whether the manufacturing process is be
coming defective and correction is needed. 

This work was done by Yoseph Bar
Cohen of Caltech for NASA's Jet Pro
pulsion Laboratory. For further informa
tion, write in 23 on the TSP Request 
Card. 
NPO-18758 

Digitally Controlled Acoustic-Testing System 
More-precise, real-time computer control replaces approximate, non-real-time manual control. 

Goddard Space Flight Center, Greenbelt, Maryland 

A digital electronic control system has 
been developed for use in effecting 
accurate, real-time, closed-loop control 
of a large acoustic test facility. The 
installation of the digital control system 
incorporates state-of-the-art technology 
to optimize shaping of the acoustic 
spectrum and controlling the operation 
of equipment in a large reverberant 
chamber to a degree not possible with 
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open-loop manual control. 
The chamber has a volume of 40,000 

ft3 (about 1,100 m3). Most controllers for 
acoustic-testing chambers like this one 
are open-loop manual subsystems in 
which technicians adjust one-third
octave sliders of a spectrum shaper to 
adjust acoustic spectra. During a test, a 
technic ian moves the sliders while 
observing the real spectrum and the 

desired reference spectrum on a cath
ode-ray tube display. Unfortunately, a 
typical manual controller contains 27 
sliders, and it is nearly impossible for a 
technician to control the sound levels in 
all 27 one-third-octave bands during a 
1- to 2-minute test. In most cases, the 
technician can correct only the major 
differential sound pressure levels by 
moving some of the sliders and hoping 
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that the overall spectrum will fall within 
tolerance. 

The digital control system, in contrast, 
very nearly matches the actual spectrum 
to the reference spectrum. The digital 
control system communicates with such 
equipment as control microphones, sig
nal conditioners, a real-time acoustic
signal analyzer, the spectrum shaper, 
power amplifiers, acoustic horns, and 
signal generators. The overall system 
operates in real time in a closed loop 
(see figure). updating and correcting the 
sound pressure levels in the one-third
octave bands to obtain the acoustic 
spectrum specified for each test. 

During a test. the digital control sys
tem also provides a graphical display of 
the actual spectrum superimposed on 
the reference spectrum. It turns a ran
dom-noise generator on at the begin
ning of a test and turns it off as soon as 
the test is complete. It completes a 
closed-loop spectrum measurement and 
adjustment every 3 to 4 seconds . It 
stores the following information and 
prints it out at the end of the test: 
• Overall history of sound pressure level 

versus time; 
• Differential correction signal from the 

reference and actual sound pressure 
levels for each one-third-octave band; 

25-Hz 
Test Chamber 

Microphone 

5O-Hz 
Acoustic 

Hom 

113-Octave Real-Time 
~-+-'';''p"''''ectrum Equalizer 1-+--IE-E-E--488 ...... 

Data 

The Personal Computer Controls the equipment that generates and measures sound. The 
acoustic-testing system exposes test items to high noise levels (139 to 150 dB) with spectra 
adjustable in one-third-octave bands at frequencies from 25 to 10,000 Hz. 

• Attenuation settings of each one-third
octave filter; 

• The identity of the tested item, details 
of the test project, duration and level 
of the test, settings of band-pass fil
ters, and other relevant information; 
and 

• Parameters of the acoustic-testing 
system. 
This work was done by K. C. Shah 

and R. Burkhardt of Goddard Space 
Flight Center. For further information, 
write in 30 on the TSP Request Card. 
GSC-13388 

Uncommon Versatility 
in Imaging Boards & Software 

,...----- 64 Mbyte Image Memory 4MEG VIDEO™ Model 12 
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Expansion 
Board Accepts 
up to 256 MBytes of 
Configurable Image Memory 

r---- On-Board OSP 
50 MHZ A-O 

Call or fax for specifications! 
Image Processing Products for Research and Industry 
EPIX' products are designed and manufactured in the United States of America. 

• 50MHz to 2MHz Sampling & Display Rate 
• RS-170, CCIR Capture & Display 
• Non-Standard Area & Line Scan Interface 
• Analog & Digital Inputs 
• 256 MByte to 4 MByte Image Memory 
• 12 MIPS Programmable Image Accelerator 

SILICON VIDEO® MUJrM 

• 40MHz to 2MHz Sampling & Display Rate 
• 8000 to 8 Pixels per Line 
• Composite Sync or H, V, Pixel Clock 
• 6 Input Video Multiplexer 
• 4 MByte or 1 MByte Configurable Memory 

VERSATILE SOFTWARE 
• Menu Driven Processing & Analysis 
• "C" Object Code for DOS & Windows 
• Extensive Image Processing Library 
• Programmable Video Formats 
• Unlimited Applications: 

Medicallmaging Machine Vision 
Image Analysis Document Imaging 
Motion Capture Quality Inspection 

EPIX, Inc.- 381 Lexington Drive, Buffalo Grove, IL 60089 USA -708 4651818 Fax 7084651919 C Copyright J 994 EPIX. Inc 
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So your job requires you to analyze 
data, to make sense of numbers. But 
what if you're no expert? What if you 
barely understand statistics? Simple. 
You get your hands on STATGRAPHICS 
Plus for Windows. And then you get 
praised to new heights for your 
spectacular reports and analyses. 

Intuitive Design 
It's as simple as this: STATGRAPHICS 
Plus for Windows is the easiest-to
learn, easiest-to-use PC-based 
statistical analysis package you can 
buy. It has the smartest screens 
you've ever seen, with menus that 
guide you through even the most 

complex analyses. Whether or not 
you ever took a statistics course, 
you'll find yourself mastering every
thing from regression analysis to 
ANOVA. And you can also choose 
from four optional add-on modules 
that make specialized tasks a breeze: 
Quality Control, Experimental 
Design, Time Series, and Multivariate 
Statistics. 

Loaded with Features 
There's more, too. Like the incredible, 
reach-for-your-sunglasses graphics, 
designed to be so interactive that 
they practically read your mind. 
And our revolutionary new StatFolio 

feature, which lets you automatically 
store and re-run an entire analysis 
without worrying about writing 
macros or any complex commands. 
And our Dynamic Data Exchange 
(DDE) link to your favorite Windows 
spreadsheet program eliminates the 
need to import or export files. 

Call Today 
You get the idea Now call us and 
get the details. Because no matter 
how much, or how little, you know 
about data analysis, STATGRAPHICS 
Plus for Windows is the smart way 
to get the job done. 

STATGRAPHICS® Plus 
800-592-0050, ext. 450 

In Maryland: 301-984-5123 • Outside the U.S.A: 301-984-5412 • Fax: 301-984-5094 

Manugistics, Inc., 2115 E. Jefferson St., Rockville, MD 20852. STATGRAPHICS is a registered trademark of Statistical Graphics Corporation. Windows is a 
trademark of Microsoft Corporation. STATGRAPHICS Plus for Windows runs on 386-, 486-, and Pentium-based systems with at least 4 MB of RAM and a 
graphics adapter. Authorized international dealers: Australia (03)602-5088, Canada (416)369-1630, France (01)47 787800, Germany (0212)339099, (069)800530, 
Hong Kong 851-5688, Italy (02)29404830, Korea (02)222-3400, Malaysia (03)717-0077, Mexico (525)286-3290, Netherlands (03402)66336, Poland (012)215911, 
(609) 497-9104, Singapore 254-5245, Spain (01) 372-8335, Sweden (031) 453740, Taiwan (02) 788-6777, United Kingdom (071) 436-9481 . 
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uestionsal: 

Remember the good old days 
when VXI was first introduced? 
It was supposed to replace a 
grab bag of technologies, 

conventions, and standards. 

Well, judging by the 
amount of letters we get, it 

appears that people still have 
~;~~ a lot of questions about it, and 
!: about where Hewlett-Packard 

fits in. So we thought we'd use 
this space to deliver what may 
turn out to be the most useful 
VXI product of all: answers. 

"I don't want to paint 
myself into a _ 

new. 
productivity - all with total 
openness as our focus. 

We guarantee that every HP VXI 
product will be designed to 
work in open multivendor VXI 
systems. So where do we stand 
on the issue of openness? Right 
at the front of the line. 

"I've been hearing a 
lot about Plug & Play. 
Where do you guys 
come in?" 
Once the VXIplug&play Alliance 
Systems modified its charter to 

= comer with a 
proprietary 
vendor. Just 
where does 

--- - address the entire 
installed base of VXI 
users, HP joined immedi
ately and enthusiastically. 

--.... 
Will'" 
mem .... Why? Because we believe 

this alliance can bring 
another breakthrough in multi
vendor interoperability and ease 
of use. In the spirit of coopera
tion, we'll be working with the 
other alliance members to 
develop software standards and 
resolve system issues. 

lIP stand on open 
VXI systems?" 
VXI is, by definition, a totally 
open technology. And every
thing we've done - or will ever 
do - supports that philosophy. 

Together with our competitors, 
we pioneered the development 
of the IEEE VXI standard. Then 
we supported it by offering 
more VXI products than anyone 
else. In addition to an array of 
hardware products, we devel
oped the kind of software (like 
HP VEE, our graphical program
ming language) that helps 
engineers realize new levels of 

"I understand individ
ual boxes. But VXI is 
another story entirely. 
Is there any way to 
make system develop
ment easier?" 
It's one of our industry's little 
ironies that a technology devel
oped to bring order out of chaos 
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)ut I are 
But answers are. 

has itself spawned so many 
questions. Knowing that, we 
resolved to make system install
ation incomparably easy. 

"I can set up test 
instruments in my 
sleep. But VXI ... I just 
may need some help. 
Are you going to be 

We start with our 
VXI Installation 
Consultant --~ there for me?" 
(VIC) software 
that takes you 
step-by-step 
through the 
installation 
and configu
ration process. It'll help 
you get your multivendor 
system up and running quickly 
and correctly. And our world
wide consulting and repair 
service will help you keep it 
that way. 

Of course, one of the most 
critical aspects in assuring ease 
of system development is the 
software you choose. That's 
why we've worked hard to 
provide BASIC and C program
mers with the tools they need 
to simplify test development. 

Software can have a major 
impact on the ease of system 
development, too. So we'll con
tinue to enhance our products 
so that your test code is port
able across standard platforms, 
giving you the choices you want 
and the migration path you 
require. For example, HP VEE 
will soon run VXIplug&play 
instrument drivers. 

Every step of the way. 

If you need help with system 
integration, count on our 

Custom Systems Integration 
Team to work with you on 
everything from software devel
opment, racking and cabling to 
complete multivendor system 
development. 

For turnkey applications, our 
Charmel Partners program 
links us with companies that 
have expertise in your industry. 
Together we'll deliver test 
systems that meet your 
requirements. 

"Reassure me that I 
won't be sinking a lot 
of money into a test 
architecture without a 
future." 
On the contrary, VXI just may be 
the one architecture with the 
future built in. The reason: it's 
based on industry standards that 
continue to provide users with 
cost-effective, automated 
measurements using compatible 
instruments, computers, and 
software. In other words, open. 

Are we committed to making 
VXI work? Yes. We've con
tributed to the industry's most 
widely used technology, devel
oping software such as SICL 
(Standard Instrument Control 
Library) and SCPI (Standard 
Commands for Programmable 
Instruments). And, with other 
alliance members, 
we're looking 
forward to taking 
VXI a lot further. 

What it all amounts 
to is this: openness, 
performance, cost, 
application knowl
edge, experience, 
and support are 
critical issues you should be 
thinking about. But they're just 
components of a larger issue -
the ability to easily develop 
multivendor VXI test systems. 
And nobody's got a better 
answer than HP. 

Any questions? 

Write us at: 
Hewlett-Packard Company; VXI 
Systems Division; P.O. Box 301; 
MIS CU326; Loveland, CO 
80539. Or call 1-800-452-4844, 
Ext. 8655*. You'll get free 
brochures that illustrate case 
studies as well as our 
VXI options. 

There is a better way. 

FliOW HEWLETT~ 
~I:.. PACKARD 

For More Information Write In No. 519 



Alarm- and Power-Monitoring System 
This system enables central monitoring of many remote equipment modules. 

John F. Kennedy Space Center, Florida 

An electronic central monitoring sys
tem, called the Remote Monitor Alarm 
System (RMAS), is being used to moni
tor malfunction alarms and power sup
plies of remotely located equipment 
modules of transmitting and receiving 
equipment in the fiber-optic communica
tion network at Kennedy Space Center. 
The RMAS (see figure) includes a central 
monitoring unit (CMU) at a location con
venient for technicians, plus a remote 
terminal unit (RTU) at each remote site 
that contains equipment to be moni
tored. 

Each RTU is connected to the power 
supplies and alarm outputs of the equip
ment at its remote site. Each remote unit 
can monitor 120 alarm points, 8 dry
relay points, and 48 analog-voltage 
alarm points. 

The CMU can monitor as many as 
256 remote units: it polls each of the 
RTU's in tum and receives status infor
mation from them. Current alarms infor
mation can also be retrieved from the 
remote units, and relays at the remote 
units can be reset from the central unit. 
Status and alarm information is dis
played at the central unit, and stored on 
hard disk. Paper records of alarms with 
time-stamp information are printed, and 
an audible alarm is available. 

Remote sites are connected to the 
central site via telephone lines, rather 
than through the fiber-optic network. 
The monitor data are sent at 9,600 
baud, using half-duplex transmission . As 
many as 32 remote units can be con
nected to a single telephone line. 

The configuration of each remote unit 

CENTRAL MONITORING UNIT (CMU) 

I Une Printer I I Cath~~~:~-TUbe II Microprocessor II Hard Disk I 
• RTU Alarm Slatus I Keyboard I • MenuNiew-Driven 
• Relay Control I Receiver I • Downloading to RTUs 
• Alarm Dala Base 

RS-232D SIGNALING I 
. • Analog Signals 

Senal • Discrete Signals 
Port • Relay Status 

RS-232D SIGNALING RS-232D SIGNALING 
----------- ~ - ----- -
I I 

can be reprogrammed from the central 
unit and stored in nonvolatile memory at 
the remote site, except that the digital 
address of a remote un it can be 
changed only by manual intervention at 
the remote site. 

This work was done by Rob Stute of 
Kennedy Space Center and F. 
Houston Galloway, Bob Swindle, Tracy 
Alan Bierman, and Pedro Medelius of 1-
NET. For further information, write in 91 
on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Kennedy Space 
Center (see page 20j. Refer to KSC-
11655. 

Remote 
Terminal 

Unit (RTU) 

Remote Terminal 
Units collect data 
on alarms and 
power supplies of 
monitored equip
ment and send 
these data to the 
central monitoring 
unit. They also pro
vide relays that can 
be controlled from 
the central monitor
ing unit. 

Remote 
Terminal 

Unit (RTU) 

Modem 
(Converts Between RS-485 

1+---+1 RS-232D and I+-.,..--t--+-I 
Remote 
Terminal 

Unit (RTU) 

REMOTE SITE 
WITH SINGLE RTU 

'"-'-";.;..;..;=;...., 4-Wire RS-485 Signaling) 
Telephone Une __________ _ ____ __ --1 

Remote 
Terminal 

Unit (RTU) 

LOCAL SITE 

Capaciflector Camera 

Remote 
Terminal 

UOIt (RTU) 

REMOTE SITE WITH 
AS MANY AS 32 RTUs 

Sensing electrodes arranged in rows and columns can be used to generate capacitive images. 

Goddard Space Flight Center, Greenbelt, Maryland 

Figure 1 shows a multiple-element 
capacitive proximity sensor of the 
"capaciflector" type, with sensing elec
trodes formed as thin strips and arranged 
in rows and columns. Each row or col
umn sensing electrode provides a mea-
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surement of the capacitance between 
itself and a proximate object. From the 
measurements provided by all the row 
and colu mn electrodes, the known 
dependence of each capacitance on the 
positions and orientations of the elec-

trodes and the object, and the known 
positions of the electrodes, associated 
processing circuitry can construct a 
three-dimensional capacitance image of 
the object. Because of this imaging 
capability, the sensor is called a "capaci-
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flector camera." Sensors of this type 
could be installed on robot arms, and the 
three-dimensional capacitance images 
that they generate could be used by 
robot -control circuits to prevent collisions 
with the capacitively sensed objects, to 
image and identify these objects, and to 
navigate amongst them. 

Each electrode is covered by a thin 
layer of electrically insulating material. 
The sensing electrodes are driven by a 
fixed-frequency source (e.g., a crystal
controlled oscillator), all at the same volt
age, through current-measuring voltage 
followers. Like the capaciflectors 
described in several recent articles in 
NASA Tech Briefs, this sensor also 
includes a shielding electrode driven 
through a voltage follower from the 
same source. The driven shielding elec
trode in a capaciflector minimizes the 
capacitance between the sensing elec
trodes and electrical ground (electrical 
ground being the surface of the robot 
arm on which the sensor is mounted) 
and concentrates more of the sensing 
electric field outward from the sensing 
electrodes, increasing the sensitivity and 
range of the sensor. An optional floating 
shield can be driven in a similar way to 
serve as an additional sensing electrode 
that provides a single capacitance read
ing that serves as a nonimaging, gross 
indication of proximity. Because all of the 
electrodes are driven at the same volt
age, the sensing electrodes do not 
sense the driven shielding electrode, and 
they do not sense each other. That is to 
say, there is no crosstalk between a 
sensing electrode and any of the other 
electrodes: each sensing electrode gives 
an independent measurement of the 
capacitance between itself and the 
sensed object. 

The capacitance between each sensing 
electrode and the sensed object gives rise 
to a current in the sensing electrode. The 
current-measuring voltage follower that 
drives the sensing electrode puts out a 
voltage that varies with this current by 
virtue of the voltage drop of this current 
across the voltage-follower resistor R, as 
indicated in simplified form in Figure 2. 
Each such output voltage (one for each 
row and column sensing electrode and 
one for the floating shield if used) is fed to 
external processing circuitry, where it is 
compared with a reference voltage de
rived from the source voltage to obtain a 
signal proportional to the sensed capaci
tance. The sensed-capacitance signals 
from all the rows and columns are then 
processed further to obtain the three
dimensional image of the sensed object. 

This work was done by John M. 
Vranish of Goddard Space Flight 
Center. For further information, write in 
32 on the TSP Request Card. 

NASA Tech Briefs, October 1994 

Thin, Strong, Lightweight 
Flexible, endless stainless steel belts 

for driving, conveying, timing, positioning. 
Excellent strength-ta-weight ratios; 
up to 280,000 psi tensile strength. 

Widths 1 mm to 20', 
thicknesses .002' to .030', 

any length from 6' up. 

IEIAlIElIS 
Precision Positioning 

Virtually nonstretchable belts and two-ended 
drive tapes for indexing, timing, sensing and 

positioning with nearly zero backlash and 
position error. Smaller, simpler, lighter, less 
costly and more accurate than lead screws, 

gear trains, articulated arms, etc. 

Special Advantages 
Metal belts are ideal for automated 

manufacturing: inert, non-absorbent, easily 
cleaned; suitable for corrosive environments or 

clean rooms. Excellent high temp resistance, 
also thermally conductive for heat sealing and 

heat transfer applications. Electrically 
conductive, static-free. 

• 'fSRt1ad. P.O. ~x 468, Agawam, MA 01001-0468 USA 
(413) 186-9922 '800) 528-6262 FAX(413) 789-2786 
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Imagine driving in rush-hour traffic. 
And every so often, you close your 
eyes for a few seconds. You'd better 
pray nothing critical happens while 
you're not collecting 
visual information. 

Scary, right? Yet 
that's exactly what 
it's like to use most 
digital trouble
shooting scopes. 

The fact is, lurk
ing somewhere 
between all the 
data your scope displays is some data 
your scope misses. And if the cause of 
your problem is in that missing data, it 
could be a real headache. 

So how can you be sure you're getting 
the information you need to be more 
confident in your troubleshooting? 
The HP 54600-series scopes. 

3 processors: the 
real key to seeing 
your signal. 

A high sample rate 
doesn't mean much if 
your scope isn't gath
ering data frequently 
enough. And that's a 
problem with most 
low-cost scopes. 

They have only a 
single processor that's 

required to do every
thing from gathering to tabulating to 

displaying an incoming signal. And 
because it gets overwhelni.ed, it sim
ply ignores new data while it displays 
old data. 

The HP 54600-series, on the other 
hand, has three processors, deftly 
acquiring, processing, and displaying 
data blocks in parallel - delivering a 
maximum refresh rate of 1.5 million 
pOints/sec. Giving you consistently 
dependable answers. 

Getting the power of digital is 
going to feel incredibly familiar. 

You loved your old analog scope 
because it did a great job making 
complex signals easy to see. The 
HP 54600-series scope's real-time 



vector display mode produces bright, 
continuous waveforms that deliver 
the detailed information you need for 
your digital troubleshooting. 

With this price and performance, 
we're within budget, without 
compromise. 

With five models to choose from, 
each affordably priced from $1,995* 
to $4,995*, with 2 or 4 channels, 
and bandwidths from 60 to 500 MHz, 
the HP 54600-series has the right 
scope for you. 

Who knows, you just may discover 
another thing you'll never miss during 
troubleshooting. 

Your old scope. 

"I can show you how the 
HP 54600-series stacks up 
against other scopes you 
may be considering. If 
you want the inside 
scoop, give me a call at 
HP DIRECT at 
1-800-452-4844, ** 
Ext. 8613." 

·u.s.listprice 
"In Canada. call1~7~7. Dept 493. 

There is a better way. 

FliO'l HEWLETT® 
~~ PACKARD 

For More Information Write In No. 524 



This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial devel
opment should be addressed to the 
Patent Counsel, Goddard Space Flight 
Center [see page 20]. Refer to GSC-
13564. 
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Figure 2 (above). Current-Measuring Voltage Followers put out 
voltages indicative of the capacitances between the sensing elec
trodes and the sensed object. Only three sensing electrodes are 
shown here, but more can be used - one for each row and column 
of the sensor array. 

StMPLE CRtS5-CROSS LAYERED PATTERN 

Figure 1 (left). Sensing Electrodes in a Pattern of Rows and 
Columns can be woven tightly or arranged simply in two layers at 
right angles to each other. If the second arrangement is used, then 
there must be gaps between the sensing electrodes in the outer 
layer so that the electric fields from the sensing electrodes in the 
layer underneath can reach out to the sensed object. The number of 
rows and columns can be many more than shown here. 

Monitoring Integrity of Composite Aircraft Components 
A computer-based system detects flaws in aerospace structural materials. 

Lewis Research Center, Cleveland! Ohio 

A system to monitor the integrity of 
composite-material structural compo
nents of aircraft in service has been 
developed. The system includes strain 
gauges and accelerometers installed 
permanently in the components to 
monitor vibrations, a microprocessor
based data-acquisition system to 
process the outputs of these vibration 
sensors, and a desktop computer to 
analyze the acquired data. Byautomat
ing a significant part of the inspection 
process, this system will reduce the 
amount of time needed for inspection 
and reduce the cost of inspection 
equipment . It will also contribute to 
safety by giving timely waming of hid-
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den flaws that necessitate early, 
detailed inspection of critical compo
nents to determine whether the compo
nents should be replaced immediately. 

The system is representative of an 
emerging structural-health-monitoring 
or "smart structures" technology, which 
combines the disciplines of artificial 
intelligence, dynamics of structures, 
mechanics of composite materials, and 
signal processing. The system is based 
on a commercial structural-monitoring 
system that is used worldwide to moni
tor the integrity of a variety of struc
tures, including pressure vessels and 
critical high pressure components in 
nuclear powerplants. The point of 

departure for the development of the 
present system is a recent version of 
the commercial system that is designed 
specifically for use on composite-mater
ial structures, with all their complex 
dynamics. 

The structural health monitoring sys
tem records vibration data and 
processes the data from composite 
structural components in an automated 
way so that an inspector can interpret 
the results immediately in terms of the 
amount, location, and type of damage 
in the structure. These measurements 
can be taken either by monitoring vibra
tions in flight, or by using more sophisti
cated controlled vibration actuators . 
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Locations of Sensors 

Geometry and Material 

Distributions of Degradation 
and Damage (Cracks, 
Voids. Delaminations) 

Simulated Dynamic 
Responses at Different 
Levels of Degradation 

DEVELOPMENT OF SYSTEM 

VERIFICATION AND APPLICATION 
,..--------, 

Extraction of Features 
and Learning 

Locations of Sensors Predicted 
Degradation 
of Structural 
Component 

The Methodology of the Pattern-Recognition Approach to structural-health monitoring 
provides for training and upgrading of the pattern-recognition algorithm as additional data on 
vibrational responses in the presence of known failures are acquired. 

Recently developed pattern-recognition 
software (see figure) then correlates the 
recorded vibration measurements with 
previously recorded data known to be 
characteristic of flawed structural com
ponents. Progressive damage (e.g., the 
extent of delamination in a composite 
panel) could also be estimated by corre
lation of data with simulated vibrational 
responses in the presence of various 
degrees of damage. 

This work was done by Shu Shing 
Tang, Kuan-Luen Chen, An-Yu Kuo, and 
Peter C. Riccardella of Structural 
Integrity Associates, Inc., Anthony N. 
Mucciardi of Infometrics, Robert J. 
Andrews of the University of Dayton 
Research Institute and Joseph Grady of 
Lewis Research Center. For further 
information, write in 72 on the TSP 
Request Card. LEW-15778. 

Processing in a GPS Receiver to 
Reduce Multipath Errors 
Multipath range errors could be halved. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Four techniques of ancillary real-time 
digital processing of signals in a Global 
Positioning System (GPS) receiver have 
been introduced to reduce the effects of 
multipath propagation of the signals on 
the position estimates produced by the 
receiver . These techniques could be 
applied in addition to other signal-pro
cessing techniques and to such other 
techniques as designing the receiving 
antenna to make it insensitive to reflec
tions of GPS signals from nearby 
objects (see Figure 1). 

The techniques have been imple
mented by modifying the TurboRogue 
GPS receiver, which digitally processes 
all baseband tracking data. The receiver 
can simultaneously measure (1) the 
phases of the coarse-acquisition (CI A) 
and precision (P) codes modulated onto 
the L 1 (1,575.92-MHz) GPS carrier sig
nal and the phase of the P code modu
lated onto the L2 (1 ,227.6-MHz) GPS 
carrier signal, plus (2) the pseudorange 
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from each of eight GPS satellites . All 
tracking loops in the receiver are con
trolled via software, and high-speed 
(20.456-MHz) signal-processing opera
tions (see Figure 2) are performed in a 
very-large-scale integrated-circuit chip. 
The following three features of 
TurboRogue signal processing are sig
nificant with regard to the reduction of 
multi path errors. 
• Independent correlatorl accumulators 

compute early, late, and prompt (P) 
in-phase and quadrature (I and Q) 
correlation sums. Delay processing of 
correlation sums is under full software 
control, enabling the use of a variety 
of techniques. 

• Complete initialization of carrier and 
code parameters (phase and rate) 
can be performed by the software at 
the nominal phase-feedback rate (50 
Hz). This feature is especially useful 
for accurately "mapping" the receiver 
cross-correlation function after satel-
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Figure 1. In Multipath Propagation, the 
signal arrives at the receiving antenna both 
along a direct path and after reflection (usu
ally from the ground and other nearby 
objects). 

lite and receiver filtering has been 
applied by sweeping the delay in the 
model code by changing it in very 
small «< 1 code chip) increments. 
This enables the more-accurate simu
lation of multi path effects and pro
vides an accurate correlation shape 
that can be used to correct for them. 

• All data (CIA, P1, and P2) are 
processed at the 20-MHz rate. The 
CIA correlators are set for a 500-ns 
(2-MHz) increment of delay for acqui
sition of the signal. Following acquisi
tion, the software adjusts the incre
ment of delay of the CIA correlator to 
50 ns (20 MHz). 
One of the proposed ancillary pro

cessing techniques for the reduction of 
multi path errors is based on the obser
vation that for some ranges of multipath 
delay, the amount of pseudorange multi
path error depends on the increment of 
delay in the receiver between early and 
late correlation channels. When this is 
the case, smaller increments of delay 
result in smaller multipath errors. The 
use of smaller increments of delay is 
particularly effective in reducing multi
path errors for the CIA code. 

The second technique involves track
ing by use of the early and prompt cor
relation sums only. This technique 
exploits the fact that inasmuch as multi
path signals are always delayed with 
respect to direct signals, phase and 
pseudorange observables are best 
derived from the earlier correlations. 

The third technique involves looking 
for deviations of the actual code correla
tion function (relative amplitude vs. delay 
offset) from the predicted code correla
tion function for the multipath-free case. 
The deviations are used to infer the 
magnitude of the multi path errors and to 
correct the pseudoranges accordingly. 

The fourth technique involves looking 
for variations of phase among the early, 
prompt, and late correlations. These vari
ations are used, along with the general 
principle that multipath errors are larger 
for later correlations, to infer the presence 
of multi path errors and generate correc-

Data In 

Delay = ~ 

SIGNAL PROCESSING 

S t Early 

-2 -1.5 -1 .0 

Oelay Offset, Code Chips 
Note: One P-code chip >= 30 m 

CORRELATION FUNCTION 

tions for carrier-phase observables. 
The first, second, and third techniques 

have been employed by the 
TurboRogue GPS receiver, in which they 
were found to reduce multipath errors by 
factors of 3, 1.5, and 1.5, respectively. 
The third technique was also tested by 
simulation and found to reduce multi
path errors by an amount that depends 
on the multipath delay. 

This work was done by Thomas K. 
Meehan of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 85 on the TSP 
Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, NASA Resident 
Office-JPL [see page 20}. Refer to NPO-
18970. 

Q 

Q 

1.5 

Figure 2. The Major 
Signal-Processing 
Functions are 
implemented digitally 
in the TurboRogue 
receiver. 

Real-Time, Polyphase-FFT, 640-MHz Spectrum Analyzer 
Much of the processing loss of windowed FFTs would be eliminated. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A real-time polyphase-fast-Fourier
transform (polyphase-FFT) spectrum 
analyzer is being designed to aid in the 
detection of multigigahertz radio signals 
in two 320-MHz-wide polarization chan
nels. The spectrum analyzer will divide 
the total 640-MHz spectrum into 
33,554,432 (225) frequency, channels, 
each about 19 Hz wide. This will be 
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achieved by use of eight identical 80-
MHz, 4,194,304-channel, real-input 
polyphase-FFT filter banks, each bank 
implemented in hardware as a pipelined 
special-purpose, digital signal processor 
(see figure on page 67). 

The use of polyphase filter prepro
cessing is intended to eliminate much of 
the processing loss associated with win-

dowed FFTs. The architecture of the 
polyphase-FFT filter bank increases sen
sitivity to narrow-band signals. 
Consideration of finite-word -length 
effects (quantization, roundoff, and trun
cation errors) led to a proposed filter 
design featuring 8-bit inputs, 16-bit 
fixed-point polyphase arithmetic, and 
24-bit fixed-point FFT arithmetic with 
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mid-computation renormalization for 
increased dynamic range. This design is 
expected to provide balanced system 
performance with input (analog-to-digi
tal) quantization dominating as the inter
nal source of noise. 

The size and thus the cost of the 
polyphase-coefficient memory is sub
stantially reduced by use of run-length 
compression of the polyphase filter coef
ficients. A further improvement, in com
parison with an older prototype, consists 
of the replacement of two spectrum
length (4,194,304-complex-point) dou
ble buffers with single buffers and the 
removal of a third spectrum-length dou
ble buffer, for pipeline reordering of data. 

SO-MHz Single 
Polarization 

Input (1 of 16) 

r-__ BO--,MHZ Dual-Polarization Processor (1 of Sr) __ --. 

SO-MHz, 4,194,304 - Channel 
Digital Spectrum Analyzer 

SO-MHz, 4,194,304 - Channel 
Digital Spectrum Analyzer 

To Signal
Detection '--________________________ ...J Hardware 

DETAIL OF DIGITAL SPECTRUM ANALYZER 
The design was tested by computer 

simulations. The results of the simula
tions show that the processors could 
operate at the limits of the 8-bit analog
to-digital converters, providing input sig
nal-to-noise ratios up to 41 dB, with less 
than 1-dB loss in sensitivity. The results 
also demonstrated 90 dB two-tone 
dynamic range by detecting a weak sig
nal 90 dB below a strong signal 10 FFT 
channels away. 

The Real-Time Polyphase-FFT Spectrum Analyzer would divide a total spectrum of 640 
MHz into 33,554,432 frequency channels of about 20 Hz each. 

This work was done by George A. 
Zimmerman, Michael F. Garyantes, 
Michael J . Grimm, Bentsian Charny, 
Randy D. Brown, and Helmut C. Wilck of 

Ca/tech for NASA' s Jet Propulsion 
Laboratory. For further information, 
write in 79 on the TSP Request Card. 
NPO-18776. 
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Physical Sciences 

Discharging Static Electricity From Inside a Glass Tube 
A small radioactive ribbon is run along the inside. 

Lyndon B. Johnson Space Center, Houston, Texas 

A device that contains an emitter of al
pha particles discharges static electricity 
from the inside wall of a glass tube of a 
volumetric-flow calibrator. It is desirable 
to discharge from time to time because 
a buildup of static electricity can result in 
the collection of dirt, thus necessitating 
more-frequent maintenance of the tube. 

Glass 
Tube 

Static-Elimination 
Device 

One technique used heretofore to pre
vent the buildup of static electricity has 
been to run equipment in a room with 
humidity ~50 percent; this technique is 
expensive and only partially effective. An
other technique used heretofore has been 
to coat the inside of the tube with anti
static solution, which causes sticking and 
collects dirt, resulting in the need for more
frequent cleaning. 

Ribbon 
Containing 

210po 
~~~ 

Cylinder 

The present device (see figure) in
cludes a cylinder that has a wall thick
ness of 146 in. (about 1.6 mm). a diame
ter about Y2 in. (1.27 cm) smaller than 
the inside diameter of the tube, and a 
height such that it extends about Y2 in. 
(1.27 cm) above a piston that moves 
along the tube and that is part of the cali
brator. These dimensions are determined 
by the size of the volumetric tube and 
are not critical. 

STATIC-ELIMINATION 
DEVICE ON TOP OF 

PISTON IN TUBE 
DETAIL OF STATIC-ELIMINATION 

DEVICE 

Attached to the top of the cylinder in 
this device is a ribbon that contains 210po, 
which emits a particles. The amount of 
polonium needed depends on the di
ameter of the cylinder: typical amounts 
are 1,000, 500, or 1 00 ~Ci for diameters 
of 5.5 in. (about 14 cm). 1.75 in. (about 
4.4 cm), or 0.75 in. (about 1.9 cm), re
spectively. The ribbon consists of a bot
tom layer of silver, a middle layer of 210po, 
and a top layer of gold, all pressed to-

The Antistatic Device emits (l particles to discharge static electricity from the inside wall of the 
glass tube. 

gether. The ribbon is attached by epoxy 
to the cylinder, which could be made of 
polyvinyl chloride, another plastic, or an
other suitable lightweight material. 

The device sits on the calibrator piston 
and rides up and down with the piston, 
discharging the inside wall of the glass 
tube. For convenience of removal of the 

Thin-Film Resistive Heater 
High, localized flux can be applied to a complex surface. 
Langley Research Center, Hampton, Virginia 

A thin-film electrically resistive heater 
applies a high, controlled flux of heat to 
the surface of an object. The heater is 
mounted directly on the surface of the ob
ject. The heater is small, simple to oper
ate, and considerably less expensive than 
are laser and arc heating facilities, which 
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can cost several million dollars. 
Whereas conventional electrical resis

tance heaters are formed as separate units 
and then bonded onto the objects to be 
heated, a thin-film heater is formed during 
a bonding process in the sense that it is 
vapor-deposited onto the object being 

device, it could include a lightweight wire 
bail joined to the cylinder. 

This work was done by Walter L. 
Ellsbury of Lockheed Engineering & Sci
ences Co. for Johnson Space Center. 
No further documentation is available. 
MSC-21973 

heated. Any of such vapor-deposition tech
niques as electron-beam vapor deposition, 
ion-assisted electron-beam vapor depo
sition, or sputtering can be used to de
posit a thin film of a metal or metal alloy 
onto an object. 

The adhesion of the film is typically very 
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good, and little additional bonding mate
rial (which would interfere with the trans
fer of heat to the object) is needed . 
Thus, an excellent thermal connection is 
obtained with the thin-film heater. The 
thickness of the film can be accurately 
controlled in the deposition process. In 
addition, the resistance of the heater and 
the shape of the heat source can be tai
lored by masking the object before 
depositing the heater. Thus, by control
ling the material, thickness, and shape of 
the deposited heater, the conduction 
path and heating profile can be tailored. 
The shape of the object to be heated is 
limited only to shapes that can be easily 

70 For More Information Write In No. 441 
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Th in-Film Conductive Heater is shown 
installed on an actively cooled panel. An 
insulating oxide is used in this case to iso
late the electrically conductive panel from 
the heater. 

coated by vapor deposition. 
Electrical current can be fed to the heat

er via flexible electrical contacts (for ex
ample, flexible copper strips) or via liquid 
metal contacts. If the thin-film heater is to 
be applied to an electrically conductive 
object, then before the thin-film heater is 
deposited, a layer of electrically insulating 
material must be applied to isolate the 
heater electrically from the object and to 
channel the applied electrical current through 
the heater only. 

The motivation for the development of 
the thin-film resistive heater was the need 
to generate a very high, localized heat flux 
to test a leading edge for the National 
AeroSpace Plane. This heater concept en
ables the efficient application of extremely 
high heat fluxes to the surfaces of objects 
without need for expensive or specialized 
facilities. In fact, because the only other 
equipment needed is an appropriate 
power supply, the thin-film heater is 
essentially a portable device that may 
prove useful in a wide range of eventual 
applications in research and in the field. 

This work was done by Stephen J. 
Scotti of Langley Research Center. No 
further documentation is available. 

Inquiries conceming rights for the com
mercial use of this invention should be 
addressed to the Patent Counsel, Lang
ley Research Center [see page 20]. Re
fer to LAR-14592. 

Are you reading 
someone else's 

copy? 
Get your own copy by filling 
in the qualification form 
bound into this issue 
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Heat Pipe With Interrupted 
Slot 
Part of the slot is kept dry to prevent blockage 
of priming flow. 

Lyndon B. Johnson Space Center, Houston, 
Texas 

The figure illustrates older and newer versions of a heat pipe 
that contains parallel liquid and vapor channels connected by a 
narrow slot. The channels and the slot extend the full length of 
the heat pipe. The only difference between the two versions is 
that near the evaporator end in the newer version, the slot is 
interrupted by a plug or, if the heat pipe is cast, by a bridge of 
heat-pipe material cast integrally across the groove. This small 
barrier assists in priming the heat pipe. 

In normal operation of either version of the heat pipe, liquid 
fills the liquid channel, the slot, and the fine circumferential 
grooves that line the wall of the vapor channel. At the evapora
tor (heated) end of the heat pipe, the liquid is vaporized from 
the circumferential grooves. The vapor travels along the vapor 
channel to the condenser (cooled) end of the heat pipe, where it 
condenses. With the help of capillary forces, the condensed liq
uid retums through the liquid channel to the evaporator end. 

The heat pipe must be primed in the sense that there must 
be sufficient liquid at the evaporator end during initial heating, 
or else normal operation will not be established. If normal oper
ation is not established, the heat pipe will not transfer heat at 
an adequate rate, and the temperature of the evaporator end 
could rise unacceptably. If the heat pipe is laid out horizontally 
or with the evaporator end lower than the condenser end, then the 
weight of the liquid suffices to prime the heat pipe. 

However, in the absence of gravitation (and perhaps in some 

EvaponI1Or 
End 

Condenser 
End 

=-11 == )==-t~ 
PRIMING FLOW 

OF UOUID BEGINS 

LIOUID IN CHANNEL 
REACHES BARRIER 

SMALL REMAINING PART 
OF BUBBLE TRAPPED 

BEYOND BARRIER 

OLDER VERSION OF HEAT PIPE liquid 

NEWER VERSION OF HEAT PIPE 

The Barrier In the Slot near the evaporator end of the newer version 
keeps liquid out of a small part of the slot at the evaporator end until 
the heated zone becomes primed. 
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unusual circumstances in the presence of 
gravitation), capillary forces tend to cause 
the liquid to fill the slot preferentially 
before it fills the liquid channel. If, under 
these circumstances, a bubble of vapor 
and noncondensible gas accumulates in 
the liquid channel at the evaporator end 
of the older version of the heat pipe 
before or during startup, then the liquid 
in the slot will trap the bubble, which will 
impede priming. 

In the newer version of the heat pipe, 
vapor and noncondensible gas can still 
accumulate in the liquid channel at the 
evaporator before or during startup, but 
in this case, the barrier keeps the liquid out 

of a small part of the slot at the bubble. 
This dry part of the slot allows the bubble 
to escape into the vapor channel, there
by making room for liquid to move in 
during startup. Once the bubble shrinks 
past the barrier, the liquid fills the re
maining small part of the slot by capillary 
action , thereby trapping the bubble; 
however, the bubble is now much small
er and is outside the heated zone. 

This work was done by Richard F. Brown, 
Robert L. Ko')son, and Fred Edelstein of 
Grumman Aerospace Corp. for Johnson 
Space Center. For further information, 
write in 64 on the TSP Request Card. 
MSC-22245 

TItle to this invention has been waived 
under the provisions of the National Aero
nautics and Space Act [42 U.S.C 2457(f)]. 
to the Grumman Corp. Inquiries con
cerning licenses for its commercial de
velopment should be addressed to 

Grumman Corp. Ucensing Office 
Charles Pieroth, Director 
Mail Station A 19B-GHQ 
1111 Stewart Avenue 
Bethpage, NY 11714 

Refer to MSC-22245, volume and num
ber of this NASA Tech Briefs issue, and 
the page number. 

High-Performance Miniature Hygrometer 
This hygrometer offers the accuracy of larger, more complicated, more expensive instruments. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A relatively inexpensive hygrometer (see 
figure) that occupies a volume less than 
4 in.3 (66 cm3) measures dewpoints as 
much as 100°C below ambient tempera
tures, with an accuracy of 0.1 °C. Field 
tests indicate that its accuracy and re
peatability are identical to those of state
of-the-art larger dewpoint hygrometers 
traceable to the National Institute of Stand-

72 

ards and Technology. This dewpoint hy
grometer operates up to 1 00 times as fast 
as older hygrometers do, and it offers 
the Simplicity and small size needed to 
meet the cost and performance require
ments of many applications. 

This dewpoint hygrometer differs from 
older dewpoint hygrometers based on the 
"chilled-mirror" concept in two major re-

For More Infonnatlon Write In No. 415 

spects: it senses water vapor by use of a 
resonant mechanical device, and it im
plements a parametric approach of dew
point detection, in which a change in the 
output of the transducer is measured as 
a function of a specific thermodynamic 
quantity. The sensitivity of the resonant 
mechanical moisture transducer in this 
hygrometer is of the order of 105 times 
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This High-Performance Miniature Hygrom
eter operates on a mechanical-resonance prin
ciple but offers the inherent accuracy and 
reproducibility of a "chilled-mirror" dewpoint 
hygrometer in a small, simple, relatively inex
pensive structure. 

that of an optical reflection transducer in 
a chilled-mirror dewpoint hygrometer. 
Also in contrast to some other hygrome
ters, the moisture transducer in this 
hygrometer does not contain hygro
scopic materials, which are subject to 
hysteresis and aging effects that cause 
errors. The moisture transducer is a sim
ple two-terminal device that is commer
cially available at low cost. 

In addition to the moisture transducer, 
this hygrometer contains a parametric 
control stage and detection and control 
electronics. The parametric control stage, 
which is made of commercially available 
components, varies the appropriate 
thermodynamic quantities for detection of 
the dew point. These quantities are con
trolled and measured in conjunction with 
the output of the moisture transducer. 
As a result of the parametric approach, 
the moisture transducer is re·quired to 
measure only relative quantities. 

The detection and control circuitry is 
made of simple off-the-shelf components. 
It calculates the parametric dependence 
between the output of the transducer and 
the state of the control stage. From this 
dependence, the dewpoint can be cal
culated directly. 

This work was done by Thomas R. 
Van Zandt, William J. Kaiser, Thomas W. 
Kenny, and David Crisp of Caltech for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 31 on 
the TSP Request Card. 

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

William T. Callaghan, Manager 
Technology Commercialization 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109 

Refer to NPO-19028 volume and num
ber of this NASA Tech Briefs issue, and 
the page number. 
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Global Geodesy Using GPS Without 
Fiducial Sites 
Fiducial coordinates are not necessary for global geodetic 
measurements. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The Global Positioning System (GPS) 
can be used to make global geodetic meas
urements without the use of fiducial site 
coordinates. A fiducial site is one with co
ordinates that are held fixed during 
analysis and treated as known parame-

ters. Traditionally, fiducial coordinates 
used for GPS analysis have come from 
Very Long Baseline Interferometry (VLBI) 
or Satellite Laser Ranging (SLR). 

complex 
problem 

Here's all the "tooling up" you 
need to build strong enclosures 
to your own specs: An ordinary 
mallet and a few wrenches. 
AMCO's 6061-T6 High Strength 
Aluminum Framing System does the 
rest. You get extraordinarily strong 
enclosures, custom-made for your 
application, without long delays. 

We can supply the pieces 
or build the whole enclosure. 
The system consists of extruded 
aluminum tubing, corner castings, 
locking pieces,non-Iocking clips 
(for prototyping), and accessories. 
A relatively concise selection of 
standard pieces covers a very broad 
range of applications. 

Baseline lengths and geocentric radii 
for each site are well determined without 

Build enclosures from 8" to 20' 
in any 90° plane. Combine big 
compartments and small ones 
in any combination you need. 

Amazingly strong. 
Our corner locking methods 
actually surpass the strength of 
welding. This system has withstood 
some very tough applications -like 
NASA Airborne, shipboard, ground 
support firing systems enclosures 
and missile launch systems. 

Phone for Catalog #203 
Call 1-800-833-3156 
In illinois, 1-708-671-6670 

AMCO Engineering Co. 
3801 N. Rose Street 
Schiller Park, IL 60176-2190 

AMCO's Heavy Duty Aluminum Structural System. 
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having to fix any site coordinates. Given 
n globally distributed sites, the n (n -
1 )/2 baseline lengths and n geocentric 
radii form a potyhedron with each site at a 
vertex and with the geocenter, or center 
of mass, at the intersection of all the 
radii. Geodetic information can be derived 
from the structure of the polyhedron and 
its change with time. 

The no-fiducial approach was tested 
with data from a global GPS experiment 
in 1991 involving 21 sites . Baseline 
leng1h precision, as determined from daily 
repeatability, was 2 mm + 4 parts per bil
lion for the 17 sites in the Northern 
Hemisphere. Baseline length accuracy, 
determined by comparison with VLBI, 
showed an rms agreement of 2.1 parts 
per billion. The precision of geocentric 
radii indicated by daily repeatability was 
15 cm. The accuracy of geocentric radii 
derived from comparison with VLBI yield
ed an rms agreement of 3.8 cm. 
Measurements of baseline lengths and 
geocentric radii determined with the no
fiducial approach are both precise and 
accurate. 

The no-fiducial approach can be ap
plied to any global geodetic technique. Re
gional experiments can make use of it by 
including data from global tracking sites. 
Fiducial coordinates are not necessary for 
global geodesy, and, if they are not 
accurate, holding them fixed can lead to 
systematic errors. 

This work was done by Michael B. 
Heflin and Geoffrey Blewitt of Ca/tech for 
NASA's Jet Propulsion Laboratory. 

n (n -1 )/ 2LENGTHS 

+ ... 

For further information, write in 88 on 
the TSP Request Card. 
NPO-18783 
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Given n Sites, the n(n - 1 }/2 baseline lengths and n geocentric radi i define a closed polyhe
dron. In th is example, n = 7. Geodetic information can be derived from the structure of the 
polyhedron and its change with time. 

Determining Ocean Windspeed by Satellite Radar 
Altimetry 
An improved algorithm accounts better for the degree of development of waves. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Measurements of the ocean surface by 
satellite radar altimetry can be converted 
to more-accurate estimates of surface wind
speed by use of an improved algorithm 
that contains an empirical mathematical 
model. The mathematical model used pre
viously yielded windspeed estimates that 
contained systematic errors because it 
failed to account for the effect of the de
gree of development On effect, the history) 
of waves on the radar cross section and 
on the travel time and waveform of the re
turn radar pulse. 

The improved algorithm and model were 
derived from studies of empirical radar
altimetric and buoy wind and wave meas
urements. These studies focused on the 
relationships among the heights, speeds, 
and shapes of waves, the degrees of de
velopment or histories of the waves, and 
the radar-altimetric measurements. These 
studies revealed that the systematic errors 
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in the estimates by the previous model 
were correlated with the degree of devel
opment of waves as expressed in terms of 
a quantity called the "wave age." 

The concept of "wave age" was intro
duced in a previous article in NASA Tech 
Briefs on the related problem of account
ing for systematic errors in the radar-alti
metric measurement of sea level; namely, 
"Degree of Development of Waves and 
Bias in Radar Altimetry" (NPO-18392), 
NASA Tech Briefs, Vol. 17, No.1 (January 
1993), page 60. There remains some con-

j SjO Sj1 Sj2 Sj3 

1 - 0.200 10.689 - 1.544 0.0576 

2 159.381 -31.428 2.106 -0.0471 

The Coefficients of the Polynomial Fit 
were derived for two ranges of ~, as identi
fied here by their j values. 

troversy regarding the validity of the wave 
age as a single parameter that summa
rizes complex interrelated effects; the jus
tification for using it is that it yields useful 
estimates when tested with empirical da
ta. There are several alternative formulas 
for the wave age; the relevant one in this 
case is ~ = A (gH/U 2r where A and a are 
empirical parameters, 9 is the gravita
tional acceleration at the surface of the 
ocean, U is the windspeed, and H is the 
significant wave height, which is one of 
the principal data outputs of the radar 
altimeter. 

One of the two input data for the im
proved algorithm and mathematical model 
is H. The other is 0'0' which is the radar 
cross section and is another principal out
put datum of the radar altimeter. Although 
~ does not appear explicitly in the im
proved model and algorithm, it neverthe
less plays an important indirect role in 
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that the model was derived as a sepa
rate polynomial fit to empirical data in 
each of two slightly overlapping subsets 
of empirical data, each datum being 
assigned to one subset or the other 
depending on whether its ~ was greater 
or less than 1.9. This assignment mani
fests itself in the model as a division of 
the a-H plane into two regions: each 
ao' H pair is assigned a parameter j = 1 
or 2, according to whether it lies in one 
region or the other (see figure). 

The algorithm and model can now be 
described as follows: 
1. Given a specific ao' H pair, determine 

whether this point lies within the clus
ter of points shown in the figure. If so, 
this point should be considered "nor
mal" and treated according to the model 
in step 2. If the ao' H pair appears as 
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The Principal Radar-Altimeter Data Outputs 
Hand ao are assigned to either of two regions 
according to their x values. Each dot repre
sents an empirical H, ao pair. 

a statistical outlier in that it is far from 
the cluster of points in the figure, then 
it is considered "abnormal" and should 
be treated according to step 3. 

2. For a normal point, determine j accord
ing to the figure, then compute the 
windspeed according to 

where n is an integer, each s'n is a coef
ficient defined in the table, {he units of 
ao are decibels, and the units of U are 
meters per second. 
3. For an abnormal pOint, compute the 

windspeed from an empirical function 
of the form U = f(ao), which depends in 
part on the type of abnormality. 
This work was done by Roman E. 

G/azman of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 100 on the TSP Re
quest Card. 
NPO-18884 
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Measurement of Crossflow Vortex 
Structure 
Microthin multiple hot-film sensors yield data on crossflow 

wavelength. 
Langley Research Center, Hampton, Virginia 

The attainment of laminar airflow on 
aircraft wings has significant potential for 
reducing drag and increasing fuel efficien
cy. On a swept wing, the airflow is highly 
three-dimensional, and several fundamen
tal instability modes, including crossflow 
disturbances, strongly influence the tran
sition of the flow in the boundary layer 
from laminar to turbulent. Detailed 
measurements of the crossflow vortices 
would facilitate an understanding of the 
crossflow disturbances. A method has 
been developed for measuring the wave
lengths of crossflow vortices by using 
surface-mounted, microthin, multielement 
hot-film sensors. 

Each hot-film sensor provides a signal 
related to flow conditions on the surface 
of the airfoil. The sensors are formed by va
por deposition of layers of nickel and 
copper on a Kapton® (or equivalent) poly
imide sheet 2 mils (0.05 mm) in thick
ness. Copper leads are connected at 
the ends of each hot-film sensor to con
nect it to a constant-temperature 
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Spanwise Position 

Processed Outputs of Hot-Fi lm Sensors 
as a function of span wise position indicate a 
series of corotating crossflow vortices . 

anemometer circuit. The hot-film sensors 
are spaced in a straight-line array so 
that about 10 sensors are included with
in the distance of 1 crossflow wavelength 
(0.3 in.). The sensor array covered a span
wise distance of 1 in. (2.54 cm), and the 
sensors were aligned to the crossflow 
vortex pattern as obtained by the flow 
visualization. The root-mean- square 

"Putting Design to Work" 

Custom/Specialty 
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Custom designed for a wide 
range of environmental 
conditions to protect the 
most sensitive equipment. 
Superior reliability and 
engineering for the 
transportation environment. 
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Over 220 standard rotationally 
molded cases! Purchase them 
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foam systems. 

19" Rack-Mount Cases 
Strong shock mounted 19" 
ElA rack protects sensitive 
equipment from shock and 
vibration. Standard sizes 
available from 4 to 26 rack 
unit in height. Tough 
rotationally molded shell 
stand up to evere 
environments. Interchange
able 2" deep front and rear 
lids (optional 5" de(1th 
available). 

Flange Cases 
Molded-in flange to 
support panel-mounted 
gear. Threaded inserts 
allow easy panel 
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signal from each sensor is plotted as a 
function of its spanwise location, and the 
wavelength of the crossflow vortices is 
determined by noting the distance 
between two maximums or two mini
mums of root-mean-square values. 

The figure shows a root-mean-square 
signal from a series of corotating cross
flow vortices measured on a swept-wing 
wind-tunnel model. Surface measurements 
of the shear stress on an airfoil should show 
a region of high shear where the cross
flow vortices direct airflow toward the sur
face of the airfoil. On the other hand, 

there should also be a region of low 
shear where the crossflow vortices direct 
airflow away from the surface of an airfoil. 
The distance between two successive 
peaks or valleys corresponds to the wave
length between two crossflow vortices. 

This method provides a direct and true 
value of the wavelength of crossflow vor
tices at various spanwise locations with
out any localized flow disturbances. A 
better understanding of this phenomenon 
will aid in control of the crossflow distur
bances in the laminar boundary layer, 
leading to reduced drag and increased 

fuel efficiency of aircraft. 
Th is work was done by Dal V. 

Madda/on of Langley Research Center. 
For further information, write in 60 on 
the TSP Request Card. 

This invention has been patented by 
NASA (U.S. Patent No. 5,209, 111). In
quiries concerning nonexclusive or exclu
sive license for its commercial develop
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 20]. Refer to LAR- 14824. 

Steering a Radar Beam Toward the Zero-Doppler Line 
The technique is applicable to a variety of radio and optical instruments. 

NASA's Jet Propulsion Laborato~ Pasadena, California 

z 
(Down) 

x 

Figure 1. This Coordinate System moving with 
the radar platform is used to compute pitch 
and yaw adjustments to aim toward the zero
Doppler line. 

An algorithm computes the angles 
needed to aim a radar beam from an air
borne or spaceborne platform toward 
the Doppler line projected on the ground 
for which the Doppler shift of the radar 
return is zero. The algorithm was devised 
to reduce Doppler errors and thereby 
simplify processing of data from a syn
thetic-aperture-radar system, in particu
lar an imaging radar system operating 
aboard the Space Shuttle. However, the 
algorithm is also applicable to the aiming 
of other radio or optical instruments 
toward their zero-Doppler lines on the 
ground. 

Figure 1 shows the coordinate system 
used in the original spacecraft applica
tion and helps to illustrate the basic prin
ciple of the algorithm. The orbit of the 
spacecraft around the Earth is assumed 
to be nearly Circular, and the local 
instantaneous horizontal velocity of the 
spacecraft defines the x axis in the coor
dinate system, which moves with the 
spacecraft. The z axis is defined as the 
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nadir axis. The y axis pOints rightward 
from the spacecraft trajectory, perpendic
ular to the x and z axes. Roll , pitch, and 
yaw are defined as rotations about the 
x, y, and z axes, respectively. During SAR 
operation, the coordinate axes of the 
spacecraft body are kept approximately 
aligned with the corresponding axes of 
this coordinate system, except as 
described below. 

The antenna boresight is pointed to an 
off-nadir look angle by a combination of 
a fixed roll angle of the spacecraft along 
with mechanical steering or electronic 
beam steering. The foregoing look-angle 
adjustments in roll are prescribed, and it 
is required to compute small yaw and 
pitch adjustments of the spacecraft atti
tude to point the boresight toward the 
zero-Doppler line on the ground. It is 
also required to orient the spacecraft so 
that the antenna boresight will scan 
along the zero-Doppler line when the 
beam is steered mechanically or 
electronically in roll. 

These requirements are expressed by 
the equations 

and 

~.V =0 dB
L 

st 

where p is the unit vector along the an
tenna boresight. Vst is the relative veloci
ty of the sensor (spacecraft) and target 
(surface of the Earth at the point of inter
section with the antenna boresight) , p 
and Vst are given in the previously de
scribed coordinate system moving with 
the spacecraft, and It is the off-nadir look 
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Figure 2. Yaw and Pitch steering angles 
were computed for a spacecraft that ranges 
between 57° south latitude and 57 ° north 
latitude along its orbit. 

angle in roll. The solution of these two 
equations gives the required yaw and 
pitch steering angles. 

The algorithm computes, in advance, 
the yaw and pitch steering angles for an 
entire orbit (see Figure 2) by implement
ing the following procedure: 
a. Use an orbit-propagator to generate 

the spacecraft position and velocity vec
tors along the entire orbit. 

b. Given the look angle, derive the target 
velocity vectors along the entire orbit. 

c. Convert the spacecraft and target ve
locity vectors to the coordinate sys
tem moving with the spacecraft; that 
is, use them to compute Vst ' 

d. Solve the two equations for the yaw 
and pitch angles. 
This work was done by Chi- Yung 

Chang and John C. Curlander of Cal
tech for NASA's Jet Propulsion Lab
oratory. For further information, write 
in 47 on the TSP Request Card. 
NPO-18896 
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Rapid Measurement of 
Asbestos Content of 
Building Materials 
A small spectrophotometer would give fast, 
dependable indications onsite. 

NASA's Jet Propulsion Laboratory, Pasadena, 

California 

A proposed portable instrument would measure asbestos 
content of construction materials in place, usually without need 
to remove specimens of the materials for analysis in a laborato
ry. The instrument would help building renovators determine, 
quickly and accurately, whether asbestos is present in thermal 
and acoustic insulation, electrical wiring, roofing shingles, floor 
tiles, and other common building materials, and whether costly 
procedures for removal of asbestos were necessary. 

The current method of detecting as-bestos involves examina
tion of specimens under microscopes: Specially trained techni
cians try to recognize and count the numbers of asbestos fibers 
in the specimens. Such examinations are laborious, time con
suming, and expensive and sometimes yield erroneous results. 
The proposed instrument would provide a cheaper, more accu
rate altemative. 

E 
~ .. 
0.. 

70'.------------------------------------, 

1,390 nm Tremollte 1,970 nm 

,._..... """-'-'-'-'---'''\1''-'-'-'---'-'-'\ ..... ; . .". . _ ·-· '.\~I330 nm 

.'" '-.-' H CrocidoUte ' \ r· .... 
1,390 nm (Rlebeckite) \J ". 

---'- 1.970nm 

60 

i Chrysotile 

........... ;.:~.;~ .. ~: ..................................... .... ...... .. 
~ 40 

~ ..... ( . . ......... ~~e 2.330 nm 

8! : /.... .. ........ :::~;:~: 1,412 nm " . . ... . 

./ ·····640··~m ASBESTOS 

E 
~ .. 

0.. ., 
<.> c: 

~ 
Gi 
a: 

~00~----7~00~--1-.ooo~--~1.~300~~1~.600=-~1~.9OO~--2~,2~00~~2.~600 
Wavelength, nm 

100 

90 , ,,--
, 

80 
, 
, 

70 

60 : 
: 

: 
50 . 

40 

30 

20 

10 

0 
400 700 

,,- - - - .... Kaofinite .... _-, -- .... , , 
\ 
\ 

••• . • , " •. ~~rmlculite ~ r\ 
. . ",I ', ... 

...... ~.. \, 

••... / ..... 

NOT ASBESTOS 

t .ooo t .300 1.600 1,900 2,200 2.600 

Wavelength. nm 

The Near·lnfrared Reflectance Spectra of various kinds of asbestos 
have unique features that make it possible to measure the asbestos 
content of specimens that also contain other minerals that have similar 
(but not identical) spectra. 
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Conform to MIL·C-24308 and with the special non
magnetic and vacuum outgassing requirements of 
spaceflight applications. Reference JPL spec. CS512091-C 
and Goddard GSFC S-311-P. Normal and High Density 
variants available. CONTACTS: Removable, machined 
copper alloy. Female with brass shroud, gold plated. 
TERMINATIONS: Crimp, straight and 900 printed board 
mount. INSULATORS: Normal Density, Glass, DAp, 9, 15, 
25,37 and 50 contacts. High DenSity, Glass, Polyester, 15, 
26, 44, 62, 78 and 104 contacts. SHELLS: Brass, gold 
plated or stainless steel. COUPLING: Jackscrews. 
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Which equipment 
movers work best 

for you? 

BottOlll 
Mount 
Slides 

Sony, guys. With smooth operating, space-5aVing 
Olassis Trak® bottom mount slides from General 
Devices, any 97-pound weakling can move the 
heaviest, most awkward equipment quickly and 
easily. 

~ 
GENERAL: 

~'-' DEVICES 
EJectrooic Hardware 
Manufacturers 

Bottom mount slides let you position equip
ment flush against a wall or in a tight space and 
still easily move it out for cleaning, service, or 
any other reason. And they lock in both extended 
and closed positions for your security - without 
casters or clumsy, pennanent floor tracks. From 
PBX equipment to hard drives to storage cabinets 
to entire rooms - if it's big and heavy, bottom 
mOWlt slides can move it. 

To ftnd out more about bottom 
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1410 S. Post Rd. 
P.O. Box 39100 
Indianapolis, IN 
46239-0100 

FAX 317.898.2917 

mount slides, contact General 
Devices today. We'll send 
you a free catalog of elec
tronic packaging solutions 
that put muscle in your 
productivity. 

For more information call 1-800-626-9484 
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The proposed instrument - a spec
trophotometer - would be brought to a 
building site to be examined. It would 
beam near-infrared light at each speci
men (which would remain in situ), ana
lyze the spectrum of the infrared light 
reflected from the specimen, and compute 
asbestos content (if any) of the specimen 
from the magnitudes of spectral features 
known to be characteristic of asbestos. 

In an experiment to demonstrate the 
concept , a commercial spectropho
tometer was used to measure the spec
tral reflectances of specimens in the 
near-infrared wavelength region of 0.4 
to 2.5 I-Im. Asbestos in various forms, 
such as amosite, crocidolite, tremolite, 
chrysotile, and anthophyllite, has unique 
narrow absorption bands in this wave
length range (see figure) . The experi
menters found that they could consis
tently detect asbestos in concentrations 
as low as 0.5 percent by weight. They 
found it possible to distinguish between 
asbestos and spectrally similar minerals, 
kaolinite and vermiculite, that are often 
found mixed with asbestos. The experi
mental spectrophotometric technique 
was found to be best suited to detec
tion of asbestos in light-colored matri
ces like floor tiles and spray-on insula
tion , and no special preparation of 
specimens of such materials was found 
to be necessary. On the other hand, 
specimens of dark matrices containing 
asbestos had to be prepared (by wash
ing and/or sanding) to obtain reliable 
measurements. 

The concept could readily be adapted 
to a special-purpose, battery-powered 
instrument that would generate infrared 
light in the proper wavelength range and 
analyze the spectrum of reflected light by 
use of software and a built-in microproc
essor designed specifically for this appli
cation. A building contractor using such 
an instrument could obtain reliable infor
mation on asbestos content in minutes. 

This work was done by James R. 
Weiss, Cindy I. Grove, Gordon L. Hoover, 
and James B. Stephens of Caltech for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 8 on the 
TSP Request Card. 
NPO-18981 

Is your subscription 
about to expire? 

Check the expiration date. H 
it is less than 6 months now 
is the time to fill out a new 
qual"lfication form before your 
subscription expires. 
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Velocity vectors reveal 
flow patterns through 
the center section of 
this steam turbine Inlet 
throttle valve. 
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• High-order differencing 

schemes 

• Flexible user-accessible 

source code 

FLOW VISUALIZATION 

• Cutting planes 

• Isosurfaces 

• Data probes 

• Particle tracking 

• Profile plots 

• Keyframe animation 

COMPUTER PLATFORMS 

• UNIX workstations 

• Supercomputers 

• High-performance PCs 

Reduce flow modeling and analysis time with CFD2000. 
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CFD2DOO is a powerful CFO 

solution for aerodynamics. 

electronics cooling. chemical and 

combustion processes. metallurgical 

applications. HVAC. environmental 

flows. and more. 

N. the core of the system is a 

three-dimensional viscous flow solver 

that is powerful. efficient and easily 

extended to custom engineering 

applications. 

CF0200D is a fully integrated 

system providing a common user 

interface based on an advanced 3D 

windowing scheme. automatic mesh 

generators. the powerful Storm flow 

solver. and advanced visualization 

capability. 

Pressure and Mach number 
distribution around a 3D 
blunt body at Mach 10. 
angle-of-attack • 5°. 

COST-EFFECTIVE & EASY TO USE 

CF02DOO can be quickly 

mastered by scientists. engineers. 

and design professionals. reducing 

training costs and improving 

productivity. (F02DDD checks for 

errors and guides you through 

input of geometry elements. 

numerical grid distribution. 

designation of boundary and initial 

conditions. and solution control 

parameters. 

Velocity magnitude 
on center plane 
through a multJ.port 
transition duct. 

For IIore Intonn.tlon Write In No. 528 

ADVANCED SCIENTIFIC VlSIMUZATION 

Your (F02DDD license includes 

the most advanced scientific field data 

visualization capability on the market. 

Data Visualize..- from Wavefront 

Technologies. Fieldview® from 

Intelligent Ught and Tecplot"' from 

Amtec Engineering ensure full 

capability post processing power 

across all supported platforms for 

(F02DDD. 
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Materials 

Making Semicrystalline Polyimide Powders 
Powders with desirable melt-flow properties are formed in reaction vessels, without grinding. 

Langley Research Center, Hampton, Virginia 

Semicrystalline polyimides that have 
controlled molecular weights can be syn
thesized in a process that yields the pol
yimides in powder form. These polyi
mides exhibit transient crystallinity that 
gives rise to melt flow of a high degree 
at processing temperatures of about 
300 to 350°C, which are slightly above 
their melting temperatures. Consequently, 
these polyimide powders are commer
cially attractive for fabrication of adhesive 
bonds, compression molding of shaped 
parts, and deposition onto reinforcing 
fibers for subsequent hot pressing into 
polyimide-matrix!fiber composites. 

A polyimide powder of this type is 
formed directly by precipitation from the 
reaction mixture in the reaction vessel in 
which it is polymerized; that is, it is not 
necessary to grind a polymerized mass 
to form the powder. In the process, the 
monomeric constituents are allowed to 
react in a solvent such as N-methylpyr
rolidone. Next, the polymer precursor is 
dehydrated with glacial acetic acid, which 
is also a nonsolvent for the resulting 
polymer. 

The molecular weight(s) of the polyi
mide formed in this process depend(s) 
primarily on the stoichiometric offset be
tween the monomeric constituents and 
on the amount of the end-capping agent. 
Moreover, it is necessary to add an ex
cess of end-capping agent about 1 hour 
after the beginning of the reaction to af
ford desirable melt stability in the pow
der end product. 

For example (see figure), the mono
meric constituents used in one experi
ment were 12.7767 g (0.0233 mole) of 

~ ,JQL, re0, + ~lQJ"' 
)~II II~ 

The Polyimide 
Precipitates as a 
Powder from the 
reaction mixture in 
this reaction se
quence, which is typi
cal of the process 
described in the text. 

o 0 0 0 

IDPA , 
In Solution With N·Methyipyrroildone 

I Phthaloc ~hydride 
Glacial Acetic ACId 

+ 
Heat 

m-PDA 

LARC'" - ITPI POL YIMIDE 

Note: n is an Integer between 10 and 100. 

IDPA and 2.5955 g (0.024 mole) of m
PDA. The IDPA was added to a stirred 
solution of the m-PDA in 53 mL of N
methylpyrrolidone under a nitrogen at
mosphere. After stirring the mixture for 
1 h, 0.2559 g (0.00173 mole) of phthalic 
anhydride was added as an end capper, 
and stirring then continued for 2 more 
hours. 

Next, 17 mL of glacial acetic acid was 
added as the dehydrating agent. Then 
the mixture was heated to 120°C and 
held at that temperature for 10 hours, 
resulting in precipitation of a polyimide 
powder. The powder was isolated by fil
tration. Differential scanning calorimetry 
showed that the powder had a glass-

transITion temperature of 248.5°C, a melt
ing temperature of 299.9 °c, and a spe
cific heat of fusion of 28.9 Jig. An x-ray 
diffraction test indicated that the polymer 
was crystalline, while the infrared spec
trum of the polymer indicated that im
idization was complete. 

This work was done by Terry L. St. 
Clair of Langley Research Center and 
Alice Chang of Lockheed Engineering & 
Sciences Co. No further information is 
available. 

Inquiries conceming rights for the com
mercial use of this invention should be 
addressed to the Patent Counsel, Lang
ley Research Center [see page 20j. Re
fer to LAR-15020. 

Metal-Filled Adhesives Amenable to X-Ray Inspection 
Adhesive joints between metal parts are rendered radiopaque. 

Goddard Space Flight Center, Greenbelt, Maryland 

Adhesive joints between metal parts can 
be made amenable to nondestructive ra
diographic inspection by incorporating ra
diopaque fillers that increase the x-ray 
contrasts of the joints. The adhesives can 
be, for example, epoxies, urethanes, acrylics, 
phenolics, or silicones, with the appropri-
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ate curing agents and with such modifiers 
as polysulfides, polyamides, or butadiene 
rubbers. Typically, an adhesive is mixed 
with 5 to 50 volume percent powdered 
radiopaque filler. A typical filler of this type 
contains mica for adhesive strength, and a 
high-atomic-number metal (or a compound 

that contains such a metal) for radiopacity. 
The choice of radiopaque filler metal is 

not critical, provided that the filler makes 
the adhesive more opaque than are the 
metal parts that the filled adhesive bonds 
together. Tungsten, which has an atomic 
number of 74, is a good choice, although 
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other metals in the range 72 to 84 can be used. The metal can be 
in elemental form or in a compound such as an oxide, silicate, or 
carbonate. One important advantage of compounds is that they 
are often inexpensive, naturally occurring materials. In addition, 
because compounds are less dense than the corresponding ele
mental metals are, it is easier to keep them dispersed in the 
adhesives. 

Whether the metal is used in elemental or compound form in a 
given case, the mixture must be stirred thoroughly to ensure a 
homogeneous distribution, and the mixture should be applied 
promptly to the joint before the filler settles in the adhesive. It 
may be necessary to add a thixotropic agent such as fumed 
silica powder to retard settling. 

The amount of filler needed in the mixture depends on the 
filler metal and the metals being bonded. To obtain adequate 
radiopacity in a bond between steel parts, for example, more 
metal filler is needed than in a bond between aluminum parts. 
The amount of filler for a specific application can be de
termined easily by preparing adhesives with different con
centrations of filler and testing them for opacity with convention
al x-ray equipment. 

In an experiment, pairs of sheets of aluminum 0.16 cm thick 
were bonded with layers of filled adhesive 0.4 cm thick. The 
filled adhesives consisted of 25 parts by weight epoxy, 3 parts 
polysulfide modifier, 10 parts various proportions of tungsten 
and mica filler, and 4 parts polyamine curing agent. It was 
found that at least 15 volume percent of tungsten in the filler was 
necessary to enable the detection of voids by use of 0.5-A x 
rays. To detect voids with 0.15-A x rays, it was necessary to 
incorporate at least 40 volume percent of tungsten into the 
filler. In neither case did the increase in tungsten reduce the lap 
shear strength of the adhesive bond . 

This work was done by Ralph O. Hermansen, Thomas H. 
Sutherland, and Roamer Predmore of Hughes Aircraft Co. for 
Goddard Space Flight Center. For further information, write 
in 99 on the TSP Request Card. GSC-13195 

High-Hot-Strength Ceramic 
Fibers 
Two constituents are distributed in aligned 
lamellae. 
Lewis Research Center, Cleveland, Ohio 

Continuous fibers that consist of laminae of alumina (AI20:0 
and yttrium aluminum gamet (Y3Als012' also known as "YAG") 
offer exceptionally high strength, resistance to creep in both on
axis and off-axis loading, and chemical stability at high tempera
tures. The tensile strength of these fibers is about 100 ksi (about 
690 MPa) at 2,725 OF (1 ,500°C), which exceeds the tensile 
strength of sapphire fibers at that temperature. Moreover, the 
multiaxis creep rate of the AI20i'Y1JS0 12 fibers remains low at 
elevated temperatures, whereas the off-axis creep of sapphire 
fibers disqualifies them for service at temperatures above 
2,200°F (1 ,200°C). 

The principal application for the A120 3/ Y 3AIs012 fibers is 
reinforcement of ceramic- or metal-matrix composite parts that 
operate at extremely high temperatures in air. These fibers are 
leading candidates for reinforcement of intermetallic-matrix com
posites in the exhaust nozzles of developmental high-speed civil 
transport aircraft engines. Other potential applications are in the 
aerospace, automotive, chemical-process, and power-generation 
industries, where they can increase operating temperatures and 
minimize oxidation. 
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Find out how 3M 
can keep your harness 

out of hot water. 
Call (800)328-0016 ext57. 

3M Electrical Specialties Division 
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For More Information Write In No. 421 

YOU CAN COUNT ON 

MATERIAL ML6 

o Ultra high friction, low wear. 
o Precision molded: 0.0. tolerances of 

0.001" T.I.R. without grinding! 
o Low volume production & prototypes. 
o Rebuild-reface existing parts. 
o Superior to rubber & urethane. 
o Increase machine speed and productivity 

while eliminating downtime. 
o Proven by twenty years of actual use. 

Material ML6 can be applied to any metal surface or provided as a 
slip-on assembly. ML6 is available in an assortment of colors and 
hardnesses. Send us a sample part to coat and see how ML6 can 
solve your friction problem. 
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.... 00..17-.010 2415 Evll'geon Road 
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Servometer bellows and precision welded bellows assemblies offer 
superb performance and are ideal in applications requiring long life, a high 
degree of flexibility, precise sensibility and maximum sealing qualities. 

• Wide range of ODs and lengths 
• Variable wall thickness and no shape limitations 
• Multi-ply walls for high pressure 
• 125,000 psi min tensile strength 
• Available with integral electroformed, soldered, or E-B Welded ends 

Call or write today for a free sample and brOChure.tJ 

W9f1I~® . I 

501 Little Falls Road • Cedar Grove, NJ 07009 
(201) 785-4630 • Fax (USA): (800) 785-0756 • Fax: (201) 785-0756 

For More Infonnation Write In No. 443 

Tachometers that compute and control 
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IVO's new TA200 series tachometer is 
more than a monitor, it is a versatile and 
complete machine control device. 

• Large LED display with scale factor for monitoring 
RPM, speed, cycle rates flow volumes, etc 

• Direct connection to your PC or PLC via available 
erial, analog or relay output 

• Two freely assignable limit values with outputs 

• Computing function based on two eparate inputs to 
indicate ratio, differential, time or period mea ure
memo extension/com pres ion, through feed time, etc. 

IVO Indu tries Inc. 
34 Industrial Way Ea t 
Eatontown, NJ 07724 

800-932-0489 
TeI908-S42-S1S1 
Fax 908-S42-2938 

For More Infonnation Write In No. 426 

The Al203/Y0I5012 fiber material is a 
directionally solidified eutectic made by 
the laser-heated floating-zone method. 
In an experiment to demonstrate the fab
rication process, powders of polycrys
talline alumina and yttria were mixed in 
eutectic proportions (18.5 mole percent 
yttria, 81.5 alumina) in water, along with 
small amounts of a methyl cellulose bind
er and glycerine as a plasticizer. The re
sulting slurry was dried to a paste, which, 
in tum, was extruded to form a polycrys
talline fiber. Further processing converts 
the extruded fiber into a rod, which was 
used as the feedstock for the laser-heat
ed floating-zone process. In this process 
a pair of beams from a CO2 laser was 
focused on the fiber as the fiber was drawn, 
thus heating a small spot on the fiber aild 
creating a melt zone that moved along 
the fiber. The resolidified fiber left behind 
by the passage of the melt zone consist
ed of altemating lamellae of alumina and 
YAG (see figure) . 

The thinner the lamellae, the stronger 
the fiber. The lamellae can be kept thin 
by suitably controlling the rate of solidifi
cation, the thermal gradient in the melt 
zone, and the diameter of the fiber. The 
presence of YAG in the nontwinable phase 
helps the fiber maintain strength at high 
temperature. The resistance of the fiber to 
off-axis creep is attributable to the large 
ratio of width to thickness in the eutectic 
microstructure. 

This work was done by Ali Sayir of Case 
Westem Reserve University for Lewis Re
search Center and Lawrence E. Matson 
of Wright Patterson Air Force Base. For 
further information, write in 67 on the 
TSP Request Card. LEW-15769 

20 11m 

The Microstructure of Directionally So
lidified Eutectic Ai20:/Y3Als012 is a com
posite of Y3AlsO'2lamellae (light phase) and 
AI20 3 1ameilae (dark phase) . 
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Hydrogen-Resistant 
Fe/Ni/Cr-Base Superalloy 
This is the strongest Fe/Ni/Cr-base hydrogen
and corrosion-resistant alloy yet developed. 
Marshall Space Flight Center, Alabama 

An experimental Fe/Ni/Cr-base superalloy exhibits high 
strength and exceptional resistance to embrittlement by hydro
gen. Similar to other commercial Fe/Ni-base superalloys, this 
alloy contains a two-phase microstructure consisting of a i pre
cipitated phase in a y matrix phase. Expected to be produced in 
wrought, weldable form and as castings, the alloy maintains high 
ductility and strength in air and hydrogen. Its strength exceeds 
that of any previously known Fe/Cr/Ni hydrogen-, oxidation-, and 
corrosion-resistant alloys. Thus, it provides higher strength-to
weight ratios for lower weight in such applications as storage 
vessels and pipes that must contain hydrogen. 

After a review of the literature indicated that such hydrogen
resistant Fe-base superalloys as A-286 and JBK-75 have matrix 
compositions that have evolved from those of hydrogen-resistant 
stainless steels (single-y-phase materials), the development of 
the experimental alloy has been based on the strategy of (1) 
formulating compositions that form hydrogen-resistant matrix 
(y) , (2) increasing the volume fraction of precipitate (y) and 
adding y-matrix strengthening elements to obtain higher 
strength , and (3) processing the alloy in such a way that its 
microstructural characteristics resemble those of JBK-75. In 
brief, the experimental alloy satisfies the following criteria. 
• The Fe/Ni/Cr ratio in y is maintained the same as in JBK-75. 
• The composition of i is maintained close to that in JBK-75. 
• There is an increased volume fraction of y' for strengthening. 
• Wand Mo have been added to strengthen the y matrix. 

The experimental alloy is one of several that were formulated 
and processed according to these criteria and compared with 
JBK-75, which was previously the best hydrogen-resistant alloy. The 
comparison led to the identification of the present experimental 
alloy, which has hydrogen resistance equivalent to that of JBK-
75. The composition of this alloy in weight percentages is 40.2 
Fe/34 Ni/4 Co/15.5 Crt 2.0 Moho W/0.5 V/2.5 Ti/0.3 AI. The 
table lists the tensile properties of JBK-75 with those of the 
experimental alloy, showing that the strength of this alloy is 
approximately 10 to 15 percent higher than that of JBK-75 while 
the ductility of the alloy is comparable to that of JBK-75. 

The experimental alloy displays a very clean microstructure 
without deleterious precipitates at grain boundaries. Trans
mission electron microscopy indicates a two-phase microstruc
ture consisting of a i precipitated phase in a y matrix phase. The 
overall microstructure is comparable to that of alloy JBK-75. 

This work was done by Biliyar N. Bhat of Marshall Space 
Flight Center and Po-Shou Chen and Binayak Panda of liT 
Research Institute. For further information, write in 11 on the 
TSP Request Card. 

Inquiries concerning rights for the commercial use of this 
invention should be addressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20). Refer to MFS-2B250. 

Maleria' - VleIdSbongih. Ultimale TensiIe Elongation 10 Reduction Acea 
kpoI SInIngIh. kpoI ...... - ........ -

/oJ, 106.3 162.9 26.7 40 .. 
JBK·75 ... 108.8 162.2 23.5 041 .7 

- Air 121.3 In.! 238 40 .. 

""'" ... 122." 178.2 23" 31.8 

Tensile Properties of the experimental alloy are compared with 
those of JBK-7S. 
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Machinable Ceramics 
• CNC Tolerances 

• Thermal I electrical insulation 
• Prototype I production quantities 

ZIRCAR's line of well bonded, porous zirconia, 
alumina, alumina-silicate and calcium silicate 
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Computer Programs 

COSMIC: Transferring NASA Software 
COSMIC, NASA'S Computer Software Management and Information Center, distributes soft

ware developed with NASA funding to Industry, other government agencies and academia. 
COSMIC's inventory is updated regularly; new programs are reported in Tech Briefs.For addi

tional information on any of the programs described here, write in the appropriate TSP number. 
If you don't find a program in this issue that meets your needs, call COSMIC directly for a free 

review of programs in your area of interest. You can also purchase the annual COSMIC Software 
Catalog, containing descriptions and ordering information for available software. 

COSMIC is part of NASA's Technology Transfer Network. 

I COSMIC®-
John A Gibson, Director 
Phone (706) 542-3265; 

FAX (706) 542-4807 
The University of Georgia, 

382 East Broad Street, 
Athens, Georgia 30602 

L-________________________________________________________________________________________ ~,~ 

Computer Programs 
These programs may be obtained at a very 
reasonable cost from COSMIC, a facility spon
sored by NASA to make computer programs 
available to the public. For information on pro
gram price, size, and availability, write in the 
reference number on the TSP and COSMIC 
Request Card in this issue. 

I I Fabrication Technology 

Program Helps Standardize 
Documentation of Software 
IOMS helps a program 
manager in tailoring a 
documentation standard 
to a project. 

The Intelligent Documentation Manage
ment System (loMS) computer program 
was developed to assist project man
agers in implementing the information 
system documentation standard known 
as NASA-SID-2100-91 (NASA SID, COS-
103(0) of NASA's Software Management 
and Assurance Program. The standard 
consists of data-item descriptions (OlD's), 
or templates, each of which governs a 
particular component of software docu
mentation . For example, one DID gov
ems the user's guide, another the quali
ty-assurance requirements, and so on. 
The DID's are hierarchically interrelated 
to one another, forming a DID hierarchy, 
or inverted tree structure. 

It is up to the project manager (PM) of a 
given project to determine which of the 
DID's apply to a particular project and 
which are not applicable. Also, if anyone 
of the DID's grows too large to be com
fortably embedded as an in-line section 
of a parent document, the PM may roll it 
out as a separate volume, but must main-
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tain traceability between this volume and 
its parent document. 

10MS functions as a decision-support 
system that automates the process of 
tailoring the DID hierarchy. 10MS uses 
an embedded expert-system program 
called the Project Manager Advisor (PMA) 
to advise the PM on how the standard 
should be tailored on the basis of such 
qualitative project criteria as level of risk, 
security and/or privacy aspects, and the 
like. 10MS then provides the PM with 
the capability to custom-tailor the DID 
hierarchy for a particular project , to 
assign and manage writing responsibility 
for individual DID's to members of the 
project team, to maintain configuration 
management of the pieces of documen
tation in process, and to compile these 
pieces of documentation periodically 
into draft and/or final versions of a com
plete set of documentation. IOMS has 
been designed to be data-independent, 
such that it can be adapted easily to vir
tually any documentation standard that 
involves hierarchically related DID tem
plates. 

10MS is written in C language for IBM 
PC-series and compatible computers 
running MS-~OS. The program requires 
at least 5 Mb of disk space and a VGA 
or EGA graphics display. The source 
code can be compiled properly only 
with the inclusion of files from the 
Vermont Views software package (avail
able from Vermont Creative Software, 
Richford, VT, 802/848-7731); however, 
an executable code is provided on the 
distribution medium. The executable 
code requires at least 640K of random
access memory and MS-DOS v3.1 or 
higher. Printing of 10MS-produced docu
ments requires WordPerfect v5.0, or high
er. The standard distribution medium for 
this program is a set of four 5.25-in. 
(13.34-cm), 1.2-Mb diskettes in MS
DOS format. The program price 
includes a copy of the NASA STo pack
age (COS-10300) diskette as well as the 

10MS documentation. 10MS was devel
oped in 1992. 

This program was written by G. Howe 
of Systems Research and Applications 
Corp. for Lewis Research Center. For 
further information, write in 7 on the 
TSP Request Card. LEW-15589 

Mathematics and 
Infonnation Sciences 

Portable Software 
for Numerically 
Controlled Machining 
A revised version of 
APT conforms to the 
FORTRAN 77 standard. 

The APT computer code is one of the 
most widely used software tools for com
plex numerically controlled (N/C) machin
ing. "APT" is an abbreviation for "Automa
tically Programmed Tool" and is used to 
denote the programming language. De
velopment of the APT language and soft
ware system was begun in the late 
1950's as an industry and university 
research effort sponsored by the U.S. 
Government. 

APT is a "problem-oriented" language 
that was developed for the explicit pur
pose of aiding N/C machine tools. The 
original APT program contained undoc
umented , nonstandard FORTRAN, 
which made it difficult to port the pro
gram to different operating systems. P
APT (Portable APT) is a revised version 
of APT that was written to conform to 
the FORTRAN 77 standard. All machine
dependent code has either been 
replaced or isolated and documented. 

Machine-tool instructions and geom
etry definitions are written in the APT 
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language to constitute a "part program:' 
The APT part program is processed by 
the P-APT software to produce a cut
ter-location (Cl) file . This Cl file can 
then be processed by postprocessors 
supplied by the user to convert the Cl 
data into a form suitable for a particular 
N/C machine tool. This current offering 
of the P-APT system represents an 
adaptation, with enhancements, of the 
public-domain version of APT IV/SSX8. 
Enhancements include a "super pocket" 
feature , which provides for concave 
pockets with curved sides and islands. 

The P-APT system software is orga
nized into two separate programs: the 
load complex and the APT processor. 
The load complex handles the table-ini
tiation phase and is usually run only when 
changes to the P-APT processor capabil
ities are made. This phase initializes char
acter-recognition and syntax tables for 
the P-APT processor by creating FOR
TRAN block data programs. The P-APT 
processor consists of four components: 
the translator, the execution complex, 
the subroutine library, and the Cl editor. 
The translator examines each APT state
ment in the part program for recogniz
able structure and generates a new 

statement, or series of statements, in an 
intermediate language. The execution 
complex processes all of the definition, 
motion, and related statements to gen
erate cutter-location coordinates. 

The subroutine library contains routines 
that define the algorithms required to 
process the sequenced list of intermedi
ate-language commands generated by 
the translator. The Cl editor reprocess
es the cutter-location coordinates , 
according to commands supplied by the 
user, to generate a final Cl file. 

The APT language is a statement-ori
ented, sequence-dependent language. 
With the exception of such program
ming techniques as looping and macros, 
statements in an APT program are exe
cuted in a strict first-to-Iast sequence. 
To provide programming capability for 
the broadest possible range of parts 
and machine tools, APT input (and out
put) is generalized, as represented by 3-
dimensional geometry and tools, and is 
arbitrarily uniform, as represented by the 
moving-tool concept and output data 
in absolute coordinates. 

P-APT is written in FORTRAN 77 for ex
ecution on Sun4-series computers run
ning SunOS. Although P-APT is written in 

standard FORTRAN 77 and was 
designed to be readily portable code, it 
has been fully tested on only a Sun4-
series computer running SunOS. By 
making documented modifications to the 
source code, one can also port the code 
to a DEC VAX-series computer running 
VMS. P-APT required 3.1 Mb of ran
dom-access memory (RAM) for execu
tion. A minimum of 16 Mb of RAM and 
32 Mb of disk space used for swap 
space is recommended. The standard 
distribution medium for this program is a 
O.25-in. (6.35-mm) streaming-magnetic
tape cartridge in UNIX tar format. P-APT 
is available by license for a period of 1 0 
years to approved licensees. The 
licensed program product includes the 
P-APT source code, makefiles, exam
ples, and one set of supporting docu
mentation. Additional copies of the doc
umentation may be purchased. P-APT 
was developed in 1992. 

This program was written by J. Poland 
and T. Premack of Goddard Space 
Flight Center. For further information, 
write in 65 on the TSP Request Card. 
GSC-13558 
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Mechanics 

System Measures Loads in Bolts 
An improved system based on the P2L2 interferometer measures absolute loads. 

Langley Research Center, Hampton, Virginia 

An improved technique for ultrasonic 
nondestructive measurement of the loads 
in bolts involves the use of a pulsed 
phase-locked loop (P2L2) interferometer. 
The technique provides for correction of 
errors and for automatic readout of the 
loads in bolts. 

Previously, the P2L2 was used to meas
ure only changes in the loads in bolts, 
and ultrasonic transducers were left on 
the bolts during tightening. The load in a 
bolt already tightened could not be 
measured because variations in the tem
perature, transducer, cable, ultrasonic 
couplant bonding material , and other 
components affected the reading. Like 
the previous p2L2-based system, other 
bolt-load-measuring systems that use 
times of flight of ultrasonic waves to 
measure bolt loads are also affected by 
changes in temperatures, transducers, 
cables, and bonding materials. In addi
tion, they are more difficult to use and 
generally less accurate than is the P2L2 
system. 

The previous version of the p2L2 sys
tem (see Figure 1) measures changes in 
the phases of acoustic waves and reads 
out corresponding changes in frequen
cy. The system is locked to a given fre
quency, and the frequency of its output 
signal changes as a load is applied to 
the bolt. The change in the bolt load is 
computed from the frequency shift (ref
erenced back to the initial lock-point fre
quency) by use of a factor derived from 
previous calibration measurements in a 
load cell. 

Unfortunately, changes in temperature 
shift the lock-pOint frequency, as does 
use of a different transducer, cable, 
couplant, P2L2, and other components. 
The improved technique compensates 
for these changes in the lock-point fre
quency, so that actual bolt load can be 
measured, by use of transducers that are 
rebonded after bolts have been tight
ened. Figure 2 shows the improved ver
sion of the system, in which a calibration 
block and thermometer have been 
added. 

This improved technique and system 
enable the use of the same or a different 
transducer that has been rebonded to a 
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Figure 1. The Previous P2L2 System for measuring changes in bolt loads is shown here con
figured for calibration. 

,-'-,.. 
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'-------; Load Cell 

Nut 

Figure 2. The Improved P2L2 System, also shown configured for calibration, includes an 
added thermometer and calibration block. 

bolt at a different temperature and with 
the same or a different cable, P2L2, and/ 
or couplant. The improved technique pro
vides the ability to measure absolute 
loads rather than merely changes in loads. 
This technique may be applicable to 
critical fasteners in aerospace applica-

tions, nuclear reactors, petroleum and 
other chemical processing plants, steel 
bridges, and other structures. 

This work was done by Sidney G. 
Allison of Langley Research Center. 
For further information, write in 78 on 
the TSP Request Card. 
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This invention has been patented by NASA (U.S. Patent No. 
5, 750,620). Inquiries concerning nonexclusive or exclusive 
license for its commercial development should be addressed to 
the Patent Counsel, Langley Research Center {see page 20]. 
Refer to LAR- 74168. 

Self-Aligning Truss-Joint 
Mechanism 
Features include automatic latching and 
redundant manual drive. 
Lyndon B. Johnson Space Center, Houston, 
Texas 

Figure 1 shows details of a self-aligning mechanism for use at a 
joint in a truss, scaffold, tower, or other structure. This mecha
nism provides a secure jOint and facilitates quick assembly and 
disassembly of the structure. During initial approach and latch
ing prior to hard docking and self-alignment, the mechanism 
tolerates lateral misalignment of as much as 1-% in. (± 47.6 mm) 
and angular misalignment of as much as 6 °. 

Figure 2 shows an operating sequence. The two subassemblies 
are brought into proximity and pushed together so that the spher
ical tip of the plunger on the upper subassembly makes contact 
with the conical guide in the lower subassembly. The two sub
assemblies are then pushed together further until the spherical tip 
slips below six spring-loaded fingers in the base, causing the fin
gers to latch on top of the spherical tip. At this stage, the upper 
subassembly is captured but can still be angularly misaligned. 

Next, the main drive shaft in the upper subassembly is rotat
ed to tum the lead screw clockwise, thereby drawing the hous-

upper 
Subassembly 

Figure 1. The Self-Aligning Truss-Joint Mechanism can be actu
ated by a single motor or manual rotary drive. Each subassembly 
is connected permanently to one of two structural components to 
be joined. This mechanism facilitates quick assembly and disas
sembly and may be suitable for robotic operation. 
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ing of the upper subassembly downward on the plunger, 
toward the lower subassembly. Eventually, the conical bevel on 
the flange of the upper subassembly makes contact with some 
point on the conical guide surface of the lower subassembly. 
Further rotation of the lead screw draws the two conical sur
faces into hard contact all around, thereby enforcing alignment. 

Torque is coupled between the main drive shaft and the lead 
screw via the shearpin, which is made of a soft metal. In the event 
of a freezeup or failure of the main drive, the shearpin can be 
broken, and the lead screw can then be actuated manually via a 
redundant drive shaft. 

The lower right part of Figure 2 illustrates decoupling from the 
latched, aligned condition. The lead screw is rotated coun
terclockwise, moving the threaded collar and the fins attached to 
it downward. The coil spring also pushes the spherical tip 
downward a short distance. As the fins continue downward, 
they push the fingers outward, so that the fingers no longer 
grasp the spherical tip. The upper subassembly can then be 
pulled away from the lower subassembly. 

This work was done by Clarence Wesselski of Lockheed 
Engineering & Sciences Co. for Johnson Space Center. For 
further information, write in 9 on the TSP Request Card. 
MSC-22025 

Figure 2. The Operation of the Mechanism is illus
trated at representative stages of a fastening and 

unfastening sequence. 
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Video Microscope System Complete? 
The VIA-17~video image marker-measurement 
system lets you: 

• Annotate your image with text, markers, 
scales, a date/time label and more 

• Measure angles, X and Y, point-to-point, 
radius/circumference, area or path length 

• Transmit measurements or coordinates 
of markers through RS-232C output 

• Store up to 10 different calibrations as well 
as 10 various marker overlays 

The VIA-170 assists operators in calculating 
angle measurements. This image of a small 
precision gear was labelled using a keyboard. 

The IMG-100 window is activated to target the 
area needing contrast enhancement. 

The IMG-100rM image contrast controller 
allows you to: 

• Create sharper definition on low
contrast images 

• Invert for a quick positive/negative 
image 

• Target a specific region with a 
sizeable and position able window 

For a free demonstration or more 
product information, contact Boeckeler 

at (800) 552-2262 or (602) 573-7100. 
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Precision and Accuracy Driven by Intergraph 
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Devices Relaminarize Turbulent Flows on Swept Wings 
Drag is reduced economically. 
Lang/ey Research Center; Hampton, Virginia 

Significant difficulties have been en
countered in the effort to manipulate flows 
on swept wings at supersonic speeds to 
obtain low drag. Several studies have 
been performed showing that, by use of 
suction, the flow over a wing could be re
laminarized and maintained laminar over 
75 to 80 percent of chord length . To 
produce the necessary suction, it is nec
essary to use vacuum pumps, tubes, 
switches, and valves. These add weight 
to an airplane and use up some of its 
power. Also, it can be difficult to fit such 
active suction devices into the small 
spaces inside the leading edges of most 
present supersonic aircraft. 

Passive devices that can Significantly 
reduce wing drag have been designed at 
NASA Langley Research Center. These 
are relaminarization devices that are sim
ple and easy to use. The devices are 
small discontinuities (i.e., square devices 
or saw-toothed edges) built into the sur
faces of wings. As shown in the figure, 
the devices range from angled to straight, 
saw-toothed to square, and with and with-
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TO THE FLOW 

The Drag-Reducing Devices can be made in a variety of designs; all can be incorporated 
into future airplanes, and some can be retrofitted to existing airplanes. 

out concave steps. The saw-toothed con
figuration could be built into the wings of 
future airplanes. The square devices could 
be machined separately and retrofitted 
to any existing supersonic airplane. 

These devices are designed to re
duce total airplane drag by changing the 
high-drag turbulent wing-leading-edge 
flow to low-drag laminar wing-Ieading
edge flow. The devices will be used pri
marily on high-speed (particularly super
sonic) airplanes, but may also be useful 

in reducing drag in other applications. 
This work was done by Theodore R. 

Creel of Langley Research Center. 
For further information, write in 98 on 
the TSP Request Card. 

This invention has been patented by 
NASA (U.S. Patent No. 5,205,519). In
quiries concerning nonexclusive or ex
clusive license for its commercial devel
opment should be addressed to the 
Patent Counsel, Langley Research Cen
ter [see page 20]. Refer to LAR-144 70. 

Low-Pressure-Drop Shutoff Valve 
Under normal flow conditions, a flapper would present minimal 
cross section to flow. 
Lyndon B. Johnson Space Center; Houston, Texas 

A proposed flapper valve would remain 
open under normal flow conditions but 
would close upon a sudden increase to 
a high rate of flow and would thereafter 

remain closed until reset. Thus, the valve 
would be a fluid/mechanical analog of an 
electrical fuse or circuit breaker. The valve 
would be useful, for example, in stop-
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ping the loss of fluid through a leak in a cooling system. 
The proposed valve would replace a commercially available 

valve that also performs this shutoff function but contains a differ
ent mechanism of the spring-and-poppet type. The principal 
disadvantage of the commercial valve is that the spring-and-pop
pet mechanism introduces a significant cross section into the 
flow path and thus introduces a significant head loss under 
normal flow conditions. 

The proposed valve would include a round cylindrical housing 
(possibly made from a piece of pipe) oriented along the flow. 
The flapper would be machined from a half cylinder of the same 

SIDE VIEWS SHOWING CUTTING PATH 

CONCEPT FOR DEFINITION 
AND MATCHING OF FLAPPER SHAPE 

Housing Pivot and Pivot and 

(3~ 
Rapper 

AXtALVIEW SIDE VIEW 

FLAPPER IN OPEN POSITION 

Higher·Pressure Lower-Pressure 

CZ2J 
AXtALVIEW SIDE VIEW 

FLAPPER IN CLOSED POSITION 

The Low-Pressure-Drop Shutoff Valve would contain a flapper 
machined from a cyl indrical surface like that of the valve housing. 
During normal flow conditions, the flapper would present a small 
cross section to the flow. 

inner and outer radii as that of the housing. The edge of the flap
per would be defined, theoretically, by orienting the centerline of 
the half cylinder to intersect the centerline of the housing at 45° 
(see figure). One practical way to fabricate the flapper might be 
to orient the half cylinder at 45° with respect to a cylindrical elec
tricaJ-discharge-machining (EDM) electrode, then perform EDM 
while moving the electrode along its cylindrical axis while hold
ing the half cylinder fixed. 

The flapper would be mounted on a pivot in the housing. 
Springs on the pivot would bias the flapper toward the open 
position, in which the flapper would be tilted, with respect to 
the centerline, by a small angle that could be adjusted by use of 
a setscrew . This adjustment, along with the stiffness of the 
springs, would determine the rate of flow that would trip the 
valve closed. 

Once the valve was closed, the torque caused by the static 
pressure of the fluid on the flapper would overcome the spring 
bias, keeping the valve closed. Thus, the valve would remain 
closed until the upstream-to-downstream differential static 
pressure was somehow relieved or until the flapper was forcibly 
reset to the open position. 
This work was done by John Thomborrow of Johnson Space 

Center. For further information, write in 35 on the TSP Re
quest Card. 
MSC-22268 

.s ,our subscription about to expire? 
Check the expire date. If it is less than 6 months 
now is the time to fill out a new qualification 
form so that there is enough time before your 
subscription expires. 
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Machinery 

Pulley With Active Antifriction Actuator and Control 
Effective bearing friction would be minimized. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed torque actuator and an 
associated control system would mini
mize the effective friction of a rotary 
bearing. In the original intended applica
tion, the rotary bearing is that of a pulley 
in a pulley-and-counterweight suspension 
in a laboratory apparatus used in experi
ments on structural vibrations. In this 
application, it is desirable to minimize the 
bearing friction of the pulley since it 
causes undesirable levels of structural 
damping, which, to some extent, masks 
the performance of the closed-loop con
trol systems in the experiment. Torque 
actuators and control systems based on 
the same concept might also be useful 
in reducing bearing friction in gyro
scopes, galvanometers, torquemeters, 
accelerometers, earth-motion detectors, 
and balances. 

The pulley would be affixed to the 
shaft of a dc torque motor, which would 
be mounted in a housing (see Rgure 1). 
The housing would be supported by 
flexural pivots in a stationary yoke. An 
optical encoder would measure the ro
tation of the pulley with respect to the 
housing. An extemal optical sensor would 
measure the rotation of the housing with 
respect to the stationary yoke. 

The suspended object would be con
nected to the counterweight via a wire, 
which would pass over the pulley. The 
vertical motion of the suspended object 
would cause the pulley to tum; the resul
tant frictional torque of the pulley bearing 
would cause the housing to tum in the 
flexural pivots. The output of the extemal 
optical sensor - a measure of the angle 
of rotation of the housing - would be 
processed, and the processed output 
would be fed back to the motor to pro
duce a compensating torque. The feed
back control system would strive to min
imize the rotation of the housing, thereby 
minimizing the effective bearing friction 
by applying just enough motor torque to 
counteract it. 

Figure 2 is a block diagram that illus
trates the mathematical models used to 
analyze the suspension, actuator, and 
control system. The bearing friction is 
modeled as the sum of a Coulomb-fric
tion component (with a constant static 
value and a lower dynamic value) plus a-

92 

External 
Optical 
Sensor 

Optical 
Encoder 

Pulley 

Bearing! 

Flexure 
Pivot 

Housing 

Figure 1. The Motor 
Would Exert a 
Compensating 
Torque in response 
to feedback from the 
external optical sen
sor. The compensat
ing torque would 
nearly cancel the 
frictional torque of 
the shaft bearings. 

viscous-friction component proportional 
to the speed of rotation of the pulley in 
the housing. The controller consists of a 
seventh-order compensator preceded 
by a constant-gain amplifier. The concep-

tual system comprising the mathematical 
models was subjected to Bode frequen
cy-response analysis (which does not 
account for Coulomb friction) , de
scribing-function frequency-response a-

Notes: • 
1. T, denotes frictional torque. 
2. s Is the Laplace-transform comple)!; frequency . 
3, K, denotes the stiffness of the flexural pivots . 
.t. 9 denotes the angle of rolalion of the pulley with respeello the housing. 
5. 8f denotes the angle of rotallon of the housing with respect to the yoke. 
S. K$ denotes the sprlng silliness Qf any) contributed by the suspended object. 

IIOUIING, _ AND 

IIOTOII CAlI! 

Reference 
Input =-0 

7. J,denotes the moment of Inertia contributed by the polley, shaft, motor rotor, counterweight, wire. and auspended object 
8. .. denotes the moment of Inertia of the housing and everything In It except the parts thai rolal. with respect 10 it. 
9. To denote molor lorque. 

'0. l..e denot.s the Inductance of the armature winding In the motor. 
". Ra denotes the resistance of the .rmature winding. 
'2. I denotes the armature current. 
13. leo Is the back-electromoUve-forC8 constant of the motor. 
,... 8l) Is the back electromotive force. 
'5. Kp Is the iorque·lo<urrent ratio of the motor. 
16. ea Is the motor-drlve voltage generated by the control system. 
17. /(, and K are amplifier gains. 
16. e Is the error voltage fed to the controller. 

Figure 2. This Block Diagram shows the relationships between the subsystems and the 
mathematical models used to analyze them. 
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nalysis (which does account for Coulomb 
friction), and computer simulations of 
behavior in the time domain. The results 
of the analyses and simulations showed 
that the overall system should be stable 

and perform well , even in the presence 
of significant measurement noise , 
Coulomb friction, and deliberate limiting 
of the torque applied by the motor. 

This work was done by Che-Hang C. 

Ih and Howard C. Vivian of Caltech for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 105 on 
the TSP Request Card. 
NPO-18653 

Active Vibration Dampers for Rotating Machinery 
Piezoelectric actuators and control circuits offer potential advantages over older, purely 
mechanical dampers. 
Lewis Research Center, Cleveland, Ohio 

Active dampers are being developed 
to suppress vibrations in rotating 
machinery like power-transmission equip
ment, electric motors, jet engines, and 
stationary turbines. These dampers are 
essentially feedback control systems that 
include motion sensors, electronic control 
circuits that process the outputs of the 
sensors into actuator-drive signals, and 
reciprocating piezoelectric actuators 
that apply vibration-counteracting forces 
and displacements to the machinery. A 
similar active damper that contained dif
ferent actuators was described in "Active 
Suppression of Rotor Vibrations" (LEW-
14488), NASA Tech Briefs, Vol. 11 , NO. 6 
(June 1987), page 64. The general con
cept is also applicable to the suppression 
of vibrations in stationary structures 
subject to winds and earthquakes, for 
example. 

The active damper shown schematically 
in the figure is one of many versions that 
are possible under the general concept. 
This damper suppresses horizontal vibra
tions in a rotating shaft; an identical or 
similar damper could be placed at 90' to 
this one to suppress vertical vibrations. 
The motion sensor could be a 
displacement, velocity, or acceleration 
transducer; in this version, it is a dis
placement transducer that is fixed to the 
machinery casing in such a position and 
orientation that it senses horizontal trans
lation of the housing of a bearing in 
which the shaft turns. The bearing hous
ing is mounted on cantilever beams, 
which serve as springs that accommo
date a limited amount of vibrational dis
placement but do not allow the bearing 
housing to rotate . 

The piezoelectric actuator is connected 
between the bearing housing and the ma
chinery caSing at a point diametrically op
posite the displacement transducer. The 
mounting hardware includes elastomeric 
pads that passively damp vibrations at 
frequencies above the high-frequency 
performance limit of the active compo
nents; it is necessary to suppress these 
high-frequency vibrations because their 
feedback could cause the system to 
become unstable. 

The output of the displacement trans
ducer is passed through a dc-offset cir-

NASA Tech Briefs, October 1994 

cuit to correct for any dc bias, and 
through a differentiator to obtain a 
velocity signal. The dc-corrected dis-

placement signal and the velocity signal 
are filtered , amplified , and summed to 
obtain a composite actuator-control sig-
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An Active Damper offers adjustable suppression of vibrations. In comparison with a conven
tional mechanical damper, it can be small and lightweight. It can also respond faster to tran
sients. 

nal. Switches and inverting amplifiers pro
vide for proper phasing of signals. The 
gain or attenuation in the displacement
signal amplifier determines the amount of 
active stiffness produced by the feed
back loop. Similarly, the gain or attenua
tion in the velocity-signal amplifier deter
mines the amount of active damping pro
duced by the feedback loop. The com
posite actuator-control signal is amplified 
in a driver circuit, which generates the 
high-voltage signal that is applied to the 
piezoelectric actuator. The stack of 
piezoelectric elements in the actuator 
expands and contracts in response to 
this signal, thus applying the compen
satory vibrations that constitute active 
damping. 

The developmental active piezoelectric 
dampers offer potential advantages over 
older, purely mechanical dampers based 
on elastomeric devices, friction, and/or fluid 
films (in some cases, requiring pumped
fluid lubrication systems). These advan
tages include smaller size and weight. Also, 

whereas cavitation can occur in fluid-film 
dampers and thereby cause the amount 
of damping to vary unpredictably, the 
active piezoelectric dampers offer more
predictable amounts of damping. Yet 
another advantage of the active dampers 
is the capability to vary active stiftnesses 
(without altering machinery structures) to 
change frequencies of vibration to avoid 
structural resonances. Further develop
mental work will be needed to overcome 
the limitations of the piezoelectric actua
tors; these limitations include short 
strokes, phase lags, and electromechan
ical instabilities. 

This work was done by Albert F. 
Kascack, John J. Ropchock, and Tomas 
F Lakatos of Lewis Research Center, 
Gerald T. Montague of Sverdrup Technol
ogy, Inc., and Alan Palazzolo and Reng 
Rong Un of Texas A&M University. For fur
ther information, write in 5 on the TSP 
Request Card. 
LEW-15427 
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Complete 
Containment for corrosive 
and hard-to-handle fluids 

PFA Fittings, Tubing, and Valves from 
the SWAGEWK companies let you design 
leak-tight systems from start to finish. 

SWAGELOK® PFA Tube Fittings 
• Leak-tight seals 

with high pressure capability 
• 1/4", 3/8", and 1/2" sizes 
• Pressures to 275 psig 

SWAGELOK PFA Tubing 
• 1/4", 3/8", and 1/2" sizes 
• 0.062" wall thickness 
• 50 ft. and 100 ft. lengths 

SWAGELOK Groove Cutter 
For grooving PFA Tubing used in 
SWAGELOK PFA Tube Fittings. 

C> 1993 SWAGElOK Co.. II rights _ FS4018 

WHITEY® PFA Valves 

Needle 
• Roddable, straight-through 

orifice for easy cleaning 
and high flow (Cv's to 1.39) 

• 1/4", 3/8", and 1/2" SWAGELOK 
Tube Fitting end connections 

• Plug tip stem ensures leak-tight 
shut-off and offers flow control 

• Positive stem stop prevents 
accidental disassembly 

• Panel mountable 
• Patented stem seal eliminates 

leakage and requires less 
operating torque 

• Pressures to 180 psig 
• Temperatures to 300°F 

For More Information Write In No. 523 

Plug 

Grooved 
PFATubing 
for leak-tight seal. 

No visible gap between 
nut and body hexes - with 
hexes aligned -ensures 
proper makeup. 

• 1/4 turn actuation 
• Easily cleaned or purged 
• Full flow design (Cv = 1.8) 

• Compact 
• 1/4" SWAGELOK Tube Fitting 

end connections 
• Pressure rating 60 psig 
• Temperatures to 200°F 

IF I the ~~ 
SWACELON 
companies 

SWAGELOK Co. 
Solon, OH 44139 



Fabrication Technology 

Blind-Anchor-Nut-Installation Fixture (BANIF) 
The fixture enables placement of anchor nuts in otherwise inaccessible places. 
Langley Research Center, Hampton, Virginia 

The blind-anchor-nut-installation fix
ture (BANIF)(see Figure 1) was devel
oped specifically for the purpose of 
replacing or installing anchor nuts in 
blind holes or other inaccessible places. 
Attachment of an anchor nut to the 
BANIF enables placement of the anchor 
nut on the blind side of a component. 
Previous methods required disassembly 
or remanufacturing of the component to 
achieve the same results. 

Figure 2 shows a typical procedure in 
which the fixture is used to install an 
anchor nut on the blind side of a com
ponent. First , the clearance hole for the 
bolt to be anchored is drilled into the 
component (which, in this case , is a 
block). Then an anchor-nut drill fixture is 
placed in the clearance hole with align
ment pins upright, and one of two rivet 
holes (to be located on opposite sides of 
the clearance hole) is drilled. 

The anchor-nut drill fixture is rotated 
1800 in the hole, and the second rivet 
hole is drilled. The anchor-nut insert on 
the BANIF is threaded into the anchor 
nut by use of the insert driver allowing 
the driver to clear the insert. 

Figure 1. The Blind·Anchor·Nut ·lnstallation Fixture eliminates the need to disas
semble a component to install an anchor nut in a blind hole in the component. 

Then an anchor-nut ear is fed into the 
clearance hole, by use of the BANIF, 

and the entire anchor-nut assembly is 
passed through to the blind side of the 
block. The BANIF is then put in tension 
until the anchor nut makes contact with 

o 

PUlUNG ANCHOR-NUT EARS INTO 
CONTACT WITH BUNO SURFACE INSTALLATION COMPLETE 

Figure 2. These are Some of the Steps of a simple installation procedure that is performed 
with the help of the fixture shown in Figure 1. 

96 

the blind surface of the component, with 
the ears of the anchor nut in alignment 
with the rivet holes. 

A Kleco® (or equivalent) clamp is 
installed in one rivet hole, through one of 
the ears of the anchor nut, to hold the 
anchor-nut assembly in place. A rivet is 
placed in the other rivet hole. The clamp 
is then removed and replaced with the 
second rivet. Then the BANIF is 
unscrewed and removed. When installa
tion in complete, the anchor nut is held 
firmly in place on the blind side of the 
component with two flush rivets on the 
accessible side. 

The BANIF was used during refurbish
ment of the Long-Duration-Exposure 
Facility (LDEF) Assembly and 
Transportation system (LATS) at NASA 
Kennedy Space Center. Is currently 
being used at NASA Langley Research 
Center when application is required in 
blind places. 

This work was done by Norman F. 
Willey, Jr., and James F. Linker of 
Langley Research Center. No further 
documentation is available. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
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Call us today at 1-800-446-8936 to discover 
how to take your application to a new level 
of performance. .• at surprisingly attractive 
OEM prices. 

Analogic Corporation. 360 Audubon Road, 
Wakefield, MA01880 
1-800-446-8936 FAX: 617-245-1274 

CIlJIlSFDR (@10 MHz) 
- Relative Quantization Noise 

Another breakthrough in hybrid AID technology from Analogic .... 

The ADC3120 ... 90 dB of spurious free dynamic range at a 20 MHz sampling 
rate. The search for the highest SFDR is over. The ADC3120 provides near
theoretical performance in a compact hybrid package. When you require the 
maximum spurious/ree dynamic range, you lleedAnaiogic. 

o14-Bit Resolution o Low Power 
020 MHz Sampling Rate o High Reliability 
o High SFDR (>90 dB) o Hermetic Environment 
o Low Noise o Small Size (1.6" x 2.4") 

Whatever your needs in advanced hybrid AID converters, from the high SFDR 
of the new ADC3120, to the precision and speed of our 16-bi~ 2 MHz ADC4322, 
we've got your demanding requirements covered. 

ANALOGlC*_ 
rh, Wllrld illlsDurc, 

For More Information Write In No. 525 
'/If Preclsilln Slgn,' r,chnlllDI1 



exclusive license for ITS commercial development should be 
addressed to the Patent Counsel, Langley Research Center 
[see page 20). Refer to LAR-14542. 

Fastener Caps for 
Electronic Panels 
Simple devices indicate that fasteners have 
been disturbed. 

John F. Kennedy Space Center; Florida 

Fastener caps discourage unauthorized removal of or tam
pering with rack-mounted electronic equipment. The caps can 
be used in pairs or other multiples tied together with wire; the 
wire must be broken to remove the fasteners. An incidence of 
unauthorized entry is, therefore, immediately apparent. These 
caps can be used in place of older paper or plastic tape seals; 
they provide greater security than the older seals do, and they 
present a neater appearance. 

Stamped and formed from aluminum sheet, a cap is slipped 
over the head and shank of a machine screw or other fastener. 
The fastener is tightened with a screwdriver or wrench so that 
the fastener head grips fingers on both sides of a slot in the 
cap (see figure). A lid on the cap is then bent 900so that it cov
ers the fastener head; a row of small holes along the bend line 
facilitates bending. 

The cap is then linked to a similar cap on an adjacent fas
tener by a loop of stranded wire 0.040 in. (1 mm) in diameter 
secured by a lead seal. A cap can thus be linked by wire to a 
cap on a panel directly above or below or to a cap on another 

Bend 
Unes 

Rngers 
DEVELOPED VIEW 

(WITHOUT BEND ALLOWANCE) 

END VIEW OF UNCAPPED 
CAPTIVE SCREWS ON 

EDGE OF PANEL 

@
Lid ,~. 

SIal Sized 
ToClear t=Jfi 
Shank 01 U 
Fastener 

- ~ 
~ 

CAP AS FORMED, 
BEFORE INSTALLATION 

Wire 

Lead 
Seal 

END VIEW SHOWING 
SCREWS WITH CAPS 

INSTALLED 

Lid Nol Vel 

BenIOver~ 

-u 
SIDE VIEW SHOWING 
SCREWS WITH CAPS 

INSTALLED 

The Lid on a Fastener Cap is bent to cover the fastener head. Caps 
are then wired together in pairs. 
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Special SnapMaster"" Offer 
As the first and pre-eminent Windows 

software for data acquisition, SnapMaster 
has become the leader of a new generation 
of products which take advantage of 
important benefits offered by Windows: 

• Larger memory arrays - up to 16MB 
• A consistent graphical user interface 
• Shared real-time information (DOE) 

Now - thanks to a special offer available from CyberResearch - you can 
purchase the complete SnapMaster environment at a significant savings l 
Call today to order SnapMaster 3.0 (the latest version) from CyberResearch. 

I HOS 200 Snap Master 3.0 for Windows Data Acquisition Module ................... $995 
t HOS 210 Snap Master Analysis Module - Time Domain ................................ $495 
I HOS 220 Snap Master Analysis Module - Frequency Domain ................ ....... $495 

I HOS 285S SnapMaster 3.0 Complete - 3 Integrated Modules, plus Serial 
Interface Module, and the Programmer's Toolkit (save $Lots!) .... $CW 

20MHz 12-Bit AID 
Data Acquisition Card 

Breaks Old Speed Records 
by an Order of Magnitude 

If you've been looking for a 12-bit NO board with the fastest possible con
version rate , then you know that there just aren't any out there faster than 
1 MHz - 2MHz. Until now. Our new CompuScopeN bursts through the old 
limits. It doesn't just improve the old record by 10% or even by 100%. It 
achieves sampling rates 10 times faster than anything on the market. 

Our DSO 2012 uses 2 monolithic flash converters, each running at 10MHz. In 
single-channel mode, the 2 ADC's are clocked in a "ping-pong" mode to a
chieve up to 20 MSamples/second. Programmable gain amplifiers and offset 
control circuits ensure measurement accuracy. On-board memory is mapped 
in the PC's own system memory for the fastest possible data transfers. 

#OSO 2012 20 MHz, 12-bit Data AcquiSition (NO) Card with 512K RAM ............. $4995 
10SO 2012-1M 20MHz, 12-bit Data Acquisition (NO) Card with 1 MByte RAM ......... $5495 

24-Bit Converter offers Highest Resolution on Earth 
Designed for low-frequency (under 60Hz) 
high-resolution applications , the new 
model LLAD 201 24·Bit Serial Data 
Acquisition System offers both the 
highest resolution available from any AID 
board, and one of the world's lowest prices! 1.1i •• ~!!I~~~~ 
The LLAD 201 communicates with your 
PC via an optically-isolated RS-232 serial link. It has 6 differential input 
channels (expandable to 96), and can be set to ±5V or 0-5V, with 8 program
mable gain ranges (1 ,2,4,8,16, ... 128). Not to mention 20 digital 1/0 lines. 

Comes complete with wall-plug power supply, software driver, serial cable, 
manual , and 15 & 25-pin matching connectors. QBasic source code is 
just $80. Call for info on special chromatography version with D/A's. 

I LLAO 201 24-Bit AID Board, Driver Sottw., Serial Cable, etc. (no box) ........... $495 
#LLAD 201C LLAD 201 Complete with Rugged Steel Case (see photo) .............. $555 
ILLS PCB6 Data Logging Sottware with Manual ................................................ $70 
ILLll1525 15 & 25-pin Screw Terminal Adapters (makes connections easy) ... $40 

The CyberOAS line from CyberResearch is guaranteed to be 100% compatible 
in every respect with similar models from Keithley/MetraByte. Our prices 
are absolutely the lowest available And we offer a complete selection, 
matching every model, with a 30-day 100% Satisfaction Guarantee! 

MIInB. CBI 
ICYRDAS. Industry Standard: 8 Analog Inputs, 7 010 $US $1. 
#CYRDAI 1. Industry Standard: 16 Analog In, 2 D/A's, 8 010 $111 $711 
ICYRDAS 1.F Industry Standard: 16 Analog In, 2 D/A's, 8 010 $1115 $MI 
#CYRIAS _ NEW Design: 40kHz version of DAS-8 (DAS-800) SMI 
1CYIIAI.112 40kHz, 8 Analog Inputs wlSottware Prog. Gains "" 
#CYIIAI1U1 100kHz, 16SE/80iff Analog In, 8 Digital I/O *. 
#CRIII1. 100kHz, 16SE/80iff Analog In, 2 O/A's, 32 010 SIll $III 
#CRIll 1_ NEw 333kHz, 64-Channel AID w/O/A & 010 $1. 
m.. a PID-12 Compatible 24-Chan. Digital I/O (TIL-level) $1. $U 
~ MIl PID-24, 24-Chan. OigilalllO (64mA current sink) $1. • 

';'11 fDr IlatIIII1 ""'*' , """ "", .... -Item no! avaJlable from CSI. 

High-Performance Rack-Mount PC's with Integral Keyboards 
Just 10.5' (6 rack spaces) tall including unique 
integral keyboard which pulls out and locks. 
• 10' VGA High-Resolution Color Monitor. 
· 1.2MB (5.25') or 1.44MB (3.5") Floppy Drive. 
· 3 Full-access Drive Bays for Floppy Drives, etc. 
• Hold-Down for Firmly Seated Expansion Cards. 
• Floppy & IDE Hard Disk Controller Included. 
• Dual-Fan Cooling System w/Honeycomb Filter. 
• Rack-Mounting Slide Rails Included FREE. 

IVRK 486-330 Rack-Mount 33 MHz 80486 PC wNGA 
Monitor, Rack-Mount Keyboard, & 4MB RAM .. ... $4295 
IVRK 416-500 Rack-Mount 50 MHz 80486 PC wNGA 
Monitor, Rack-Mount Keyboard, & 4MB RAM ..... $4595 
IVRK 486-50E Rack-Mount 50MHz EISA-Bus 80486 
PC wNGA Mon., R-M Keyboard, & 16MB RAM ... $5595 
10lX 3010 Low Cost Rack-Mount Keyboard .... .. ..... $295 
#OIX 6010 Rack-Mount Industrial Keyboard ......... $395 

New OIX rugged indust
rial keyboards fit into 
any EIA 19' rack. Only 1 
rack space (1.75' high). 
A door keeps keys safe 
when not in use. Fu ll 
101-key layout. 

Digital Fault-Tolerant UPS 
Protects your Rack 

System Against Voltage 
Spikes & Power Failures 

When you can't afford to have your system shut down or malfunction, you want 
the best power protection you can get. Our new digital fault-tolerant UPS's 
deliver continuous, uninterrupted sine-wave power through the most frustrating 
power problems. These units are designed to stop deadly voltage spikes, swells, 
surges, and similar problems, while using their internal batteries (with zero 
switching time) to cover voltage sags, drops, "brownouts~ and outright power 
outages. They are always on-line, protecting your system, instant-by-instant. 

These on-line models incorporate innovative microprocessor-based super
vision. While delivering continuous sine-wave power, they communicate vital 
power-quaJity information to your computer, so you're never entirely "in the dark': 

I UPS R650 650VA Rack-Mount Fault-Tolerant Continuous On-Line UPS .............. $999 
I UPS R1100 1100VA Rack-Mount Fault-Tolerant Continuous On-Line UPS .......... $11j49 
I UPS PWWS Power Monitoring Software for Windows ........................................ $129 



For More Infonnatlon Write In No. 448 

The airborne-qualif ied ME-9BO 
combines PCM data (2Kb/s to 
590Kb/s) with camera video in 
a single channel for record ing 
on standard 1/4," 1/2,' 3/4' and 
Bmm video recorders. 

Base station ME-990 recovers data to original format 
and timing for analysis. The system is parti cu larly use
fu l with low data rates and where visual images in sync 
with data are more revealing than data or video alone . 

Merlin 
ENGINEERING WORKS 

1888 Embarcadero Rd, Palo Alto, CA 94303 Phone(415) 856-0900 

100 For More Infonnation Write In No. 420 

fastener on the same panel. 
This work was done by Kenneth D. Peters of Harris Space 

Systems Corp. for Kennedy Space Center. For further infor
mation, write in 95 on the TSP Request Card. 

Title to this invention has been waived under the provisions 
of the National Aeronautics and Space Act [42 U.S.C 
2457(f)}, to the Harris Corp. Inquiries conceming licenses for 
its commercial development should be addressed to 

John DeAngelis 
Harris Corp. 
p.o. Box 37, Mail Stop 2-1110 
Melbourne, FL 32902 

Refer to KSC-11564, volume and number of this NASA Tech 
Briefs issue, and the page number. 

Apparatus for Metai/inert
Gas Welding in Vacuum 
Controlled flow of plasma would reduce disper
sal in vacuum, thereby preventing extinction. 

Marshall Space Flight Center, Alabama 

The figure illustrates a proposed metal/ inert-gas welding-torch 
assembly that would operate in a vacuum. Currently available 
metal/inert-gas welding torches operate only momentarily (if at 
all) in a vacuum: the vacuum removes the atmospheric barrier to 
rapid dispersal of the inert gas from the region between a torch 
and a workpiece, causing extinction of the welding plasma. 

Solenoid 
Coil 

Bellows 

Ceramtc 

Plasma 
Generating 
Cavity 

Plasma Would 8e Generated in an interior chamber and focused onto 
the workpiece in a vacuum. Pinch rollers would feed wire to the weld 
puddle. 
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In the proposed welding-torch assem
bly, the plasma would be generated in 
an interior chamber, where the gas 
could be maintained sufficiently dense. 
Electromagnetic and electrostatic fields 
would focus the plasma onto the work
piece with sufficient density to prevent 
extinction and with sufficient intensity to 
produce a weld puddle in the work
piece. 

The flow of gas into the plasma-gen
erating chamber would be turned on or 
off by a SOlenoid-actuated, bellows-sealed 
needle valve. A repeatable rate of flow 
would be established by a cam, which 
would limit the opening travel of the nee
dle solenoid. Inasmuch as the cam 
would be located outside the vacuum, it 
could be used to adjust the plasma some
what, without breaking vacuum. 

Two ring electrodes in the plasma
generating chamber would be excited at 
one or more radio frequencies to ionize 
the gas, creating the plasma. The plas
ma would flow from the chamber along 

a cylindrical passage in a metal body 
cooled by water. The body would be 
maintained at an electrostatic potential of 
-30 V with respect to the workpiece; the 
combination of a domed opening at the 
end of the passage and a flat plate on 
the bottom of the body would configure 
the electrostatic field to help in focusing 
the plasma onto the desired spot on the 
workpiece. The plasma flowing from the 
bottom of the welding-torch assembly 
onto the workpiece would be sustained 
by the 30-V potential. 

This work was done by C. O. Stocks 
of Marshall Space Flight Center. For 
further information, write in 25 on the TSP 
Request Card. 

This invention is owned by NASA. and 
a patent application has been filed. In
quiries concerning nonexclusive or ex
clusive license for its commercial devel
opment should be addressed to the 
Patent Counsel, Marshall Space Flight 
Center (see page 20). Refer to MFS-28808. 

More About Stitching for Monitoring 
Composite Parts 
An alternative configuration is illustrated. 

Lyndon B. Johnson Space Center, Houston, Texas 

A slight modification has been pro
posed for a method of remote electrical
continuity monitoring to detect internal 
delaminations, cracks, and other flaws in 
composite materials. 

The figure illustrates an application of 
the method to a composite plate.ln this 

Electrical-Conductivity Monitor 
(e,g., Ohmmeter or Alarm Circuit) 
Connected to Terminals A and B 

Electrically Region 01 Plate Containing 
Nonconductive Internal Delamination Caused 
Bobbin Thread by Oamage in Servke 

case, an electrically nonconductive bob
bin thread is included. 

This work was done by Howard S. 
Travis of Lockheed Engineering & Sciences 
Co. for Johnson Space Center. No fur
ther documentation is available. 
MSC-22113 

laminated Composite 
(AberlMatrlx) Pial. 

The Conductive 
Thread Stitched on 
a Composite Plate 
would remain continu
ous until a delamina
tion, crack, or surface 
damage occurred, 
stretching or breaking 
the thread. The result
ing increase in electri
cal resistance of the 
thread would be easi
ly measurable. 

Internal Delamination 
Breaks Thread 

CROSS SECTION OF DELAMINATION REGION 
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Mathematics and 
Information Sciences 

Automated Help System for a Supercomputer 
The system will supplement human experts in advising users. 

Ames Research Center, Moffett Field, California 

Expert -system software is being 
developed to provide an automated sys
tem of user-helping displays in a super
computer system at the Ames Research 
Center Advanced Computer Faci lity. 
Users are located at remote computer 
terminals that are connected to the 
supercomputer (in this case, a Cray Y
MPI832) and to each other via gateway 
computers, local-area networks, tele
phone lines, and satellite links. The auto
mated help system is intended to 
answer routine user inquiries about how 
to use the services of the computer sys
tem. It would be available 24 hours per 
day and would reduce the burden on 
human experts at the Advanced 
Computing Facility, thereby freeing them 
to concentrate on helping users with 
complicated problems. 

The automated help system is 
designed especially for novice and inter
mediate users, on the basis of statistical 
analysis of users' questions during 1 
year of operation of the facility. The pro
totype help-system computer program 
resides on one of the computers on the 
network at the facility . The program 
includes an expert-system software 
shell, called "Guru," which is a suite of 
integrated software that includes a nat
ural-language interface, an expert-sys
tem shell, a manager with a multiple
index processor, and application soft
ware . Guru also accommodates the 
incorporation of other programs, proce
dures, or subroutines. 

The figure is a schematic diagram of 
the relationship between the user and 
the software and the relationships 
among the various parts of the software. 
The dashed lines and arrows indicate 
bidirectional flows, thereby illustrating the 
extent of the integration of the software. 
For example, either a procedure or a 
spreadsheet entry can call the expert 
system. Moreover, the expert system 
can call a procedure, execute a spread-

The Prototype Automated Help System 
includes expert-system software that 
answers users' questions, system-adminis
tration software that measures performance 
and provides for upgrading, and special 
purpose application software. 

102 

sheet, add to or extract from a data 
base, or consult another expert system. 

System-administration software is 
used to address and upgrade the sys
tem through the terminal shown at the 
upper left of the figure. The system
administration software accumulates 
data that guide the upgrading of the 
system; it records each user's inquiry 
and identity, the answer, the source of 
the answer, and the response time 
(defined here as the time between the 
user's inquiry and the user's response 
to the options presented in response). 

Users on the network communicate 
with the expert help system through their 
terminals by making inquiries in natural 
language. A user's query is processed 
through one of three possible paths, 
depending on its nature. For example, a 
question regarding a complex action 
(such as locating a lost job) is handled by 
the expert system. A special request that 
requires the execution of a program (for 
example, checking the status of the 

supercomputer), a procedure (how to 
make a job for the supercomputer), or 
the display of a form (how to change 
one's password) is routed through the 
path shown on the right side of the fig
ure. A simple request for information 
(such as how to obtain an account) is 
processed by use of the relational data 
base, via the middle path in the figure. 

This work was done by George P. 
Callas and Catherine H. Schulbach of 
Ames Research Center and Michael 
Younkin of Control Data Corp. Further 
information may be found in NASA TM-
102837 [N93-724661TB], "Investigation of 
an Automated Cray User Services System 
(Cray User Services 'Expert System').· 

Copies may be purchased [prepay
ment required] from the NASA Center 
for AeroSpace Information, User 
Services Division, Linthicum Heights, 
Maryland, Telephone No. (301) 621-
0394. Rush orders may be placed for 
an extra fee by calling the same num
ber. ARC-13094. 

ZWWW1!!!!i!l 
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The highest density DC-DC converters from the new leader in DESC-approved power 
If packing the maximum power into the minimum 
space is critical to your designs, we have some impor
tant news. Advanced Analog, the leader in DESC
approved DC-DC converters, has joined with the 
largest power supply company in the world, Lambda 
Electronics, to form Lambda Advanced Analog. This 
combination of global strength and hybrid circuit 
expertise has already produced a 
major advance: the new AFL 
series. At 84W l in3

, they're the 
highest density mil-spec DC-DC 
converters available. They come 

in 28V and 270V input ranges and can be paralleled 
for output power of 500W and beyond. 

Since we're the first vendor approved by DESC on 
Standard Military Drawings for DC-DC converters, 
you won't need waivers or source control drawings 
when you design in our parts. 

To find out more, call 408-988-4930 (or fax us at 
408-988-2702). You can count 
on a lot more big things from 
Lambda Advanced Analog. Just 
don't expect them to come in 
big packages. 



Life Sciences 

Microcoupon Assay of Adhesion and Growth of Bacterial Films 
In comparison with older assay techniques, this one is faster and more convenient. 

Lyndon B. Johnson Space Center, Houston, Texas 

A microbiological assay technique 
facilitates the determination of some of 
the characteristics of sessile bacteria like 
those that attach to and coat the interior 
walls of water-purification systems . 
These biofilms can cause sickness and 
interfere with the purification process. 
The assay technique enables direct 
measurement of the rate of attachment 
of bacterial cells, their metabolism, and 
the effects of chemicals on them. The 
technique can thus be used to quantify 
the effects of both bactericides and 
growth-stimulating agents. 

This assay technique can be used in 
place of the older standard plate-count 
and tube-dilution techniques. Assays 
conducted by both of these older tech
niques are cumbersome, requiring 
repeated dilutions and many plates and 
tubes. They are also time-consuming, 
taking several days to produce results. 
Moreover, the results are usually not sta
tistically valid because they involve large 
errors in comparisons of different experi
mental lots. In contrast, an assay by the 
present technique takes only a few 
hours and produces statistically valid 
results because it actually comprises 96 
component assays performed simulta-
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neously under identical conditions. 
An assay by the present technique is 

carried out in a receptacle, called a 
"microplate," that contains 96 wells, each 
filled with an equal amount of the same 
bacterial suspension. The microplate is 
covered with a lid that holds 96 micro
coupons, each of which is thereby 
immersed in one of the wells. Bacteria 
attach to the microcoupons, which can 
be made of various materials (see figure). 

The assay procedure is as follows: 
1. Each well in the microplate is filled 

with 250 IJL of bacterial suspension. 
2. The lid is placed on the microplate so 

that the microcoupons are immersed 
in the suspension. 

3. The covered microplate is placed on a 
shaker and incubated. 

4. After the requisite incubation time, the 
lid is removed from the microplate and 
rinsed with sterile water. 

5. The lid is placed over another 
microplate in which each well contains 
a solution of 24 IJL of Alamar Blue (a 
redox indicator). 10 IJL phenazine 
methosulfate at a concentration of 
0.01 mg/mL, 62.5 IJL of bacterial 
nutrient solution, and 152.5 IJL of ster
ile distilled water. Optionally, 3-(4,5-

I 
I 

. 

dimethyl-thiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTI) can be 
substituted for Alamar Blue. 

6. The lid and its microcoupons are incu
bated in the new microplate. During 
an appropriate growth time (typically, 
1 to 6 hours). the microplate is 
scanned by a computer-controlled flu
orescence spectrophotometer to 
measure the reduction of the Alamar 
Blue. If the MTI is used instead of 
Alamar Blue, then the microplate can 
be scanned with a dual-wavelength 
spectrophotometer to measure the 
metabolism of the cells. 
The effect of a disinfectant or other 

chemical can be determined by incorpo
rating a contact/neutralization step 
before incubation and measurement. In 
the contact/neutralization step, the lid 
with microcoupons attached is im
mersed in a solution of the chosen 
chemical, then in a neutralizing solution, 
just before step 3. 

This work was done by Duane L. 
Pierson of Johnson Space Center and 
David W. Koenig of Krug Life Sciences. 
For further information, write in 176 on 
the TSP Request Card. 
MSC-22365 

The Growth of a 
Film of bacteria is 
influenced by the 
coupon material. 
This plot compares 
the adherence of 
Pseudomonas 
cepacia bacteria 
on various metals. 

Iron Chromate-Coated Stainless Steel Brass 
Steel 
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Research Solder Kits: 
The tools of invention. 

xperiment with 
us-the Indium 
Corporation _.111 of America-
and get fast 

solutions to your 
joining and bonding 
problems. Just call 
us and we'll recom
mend the best kit for 
your research pro
ject. And to save you 
time, we accept Visa 
and MasterCard. 

Research kits are the most cost-effec
tive way to determine which alloy will 
work best for you. And after you've made 
your selection, we can provide production 
quantities in any fabrication, including 
standard or custom preforms, BGA 
spheres, wire, ribbon, foil , powder, bar, 
shot, or solder paste. 

Pictured above is our Custom Solder 
Paste Kit for users who wish to evaluate 
the metallurgical compatibility and physi-

cal performance of 
dWIerentalloys. You 
may choose five 
alloys from a group 
of seventeen low; 
medium and high 
temperature solders 
with various binary 
and ternary compo
sitions of indium, 
bismuth, tin, lead, 
silver and antimony: 

Included with every kit is a guide
book providing application information 
and technical specifications for each alloy: 
It also details the contents of all available 
research solder kits, including our No
Clean and Water Soluble Paste Kits, plus 
five dWIerent wire kits and a General 
Purpose Ribbon Kit. For an advance copy; 
please call 1-800-4 INDIUM. 

Experiment with us. You'll like what 
you discover! 

For More Information Write In No. 527 

INDIUM CORPORATION OF AMERICA. 1676 Lincoln Avenue, Utica, New York 13502 USA· 315·853-4900 or 800·4 INDIUM • FAX 315·853·1000 or 800·221·5759 

INDIUM CORPORATION OF EUROPE 7 Grlsedale Court, Woburn Road Induslrlal Estate. Kempston. Bedford MK42 7EE UK· (01234) 840255· FAX (01234) 841498 



Books & 
Reports 
These reports, studies, and 

handbooks are available from NASA 

as Technical Support Packages 

(TSPs) when a Request Card 

number is cited; otherwise they are 

available from the NASA Center for 

Aerospace Information. 

o Mechanics 

Shear-Joint Capability 
Versus Bolt Clearance 

A NASA Technical Memorandum pre
sents a theoretical study of the relation
ships between (1) the load-bearing 
capabilities of shear joints that comprise 
plates clamped together by multiple 
bolts and (2) the clearances between 
the bolts and the boltholes in those 
joints. In the best case, all n bolts in a 
joint fit snugly in their holes, and each 
bolt bears an equal share of the shear 
load, so that the strength of the joint is n 
times that of the shear strength of one 
bolt. In the worst case, only one bolt 
carries the entire shear load, and the 
strength of the joint is limited accordingly. 
In the standard conservative design 
analySiS, one assumes the worst case. 
The subject of the study is a more real
istic intermediate case in which only one 
bolt (the key bolt) is initially at the limit of 
its clearance (and thus can carry a 
shear load) while the remaining n-1 
bolts are initially centered at full design 
clearance. As the shear load increases, 
the shear load on the key bolt deforms 
its hole, and eventually the other bolts 
reach the limits of their clearances and 
begin to bear shares of the load. The 
study addresses these phenomena via 
a Hertzian stress analysis. 

This work was done by H. M. Lee of 
Marshall Space Flight Center. Further 
information may be found in NASA TM-
108378 [N93-12419ITB], "Shear Joint 
Capability Versus Bolt Clearance." 

Copies may be purchased [prepay
ment required] from the NASA Center 
for AeroSpace Information, Linthicum 
Heights, Maryland, Telephone No. (301) 
621-0394. Rush orders may be placed 
for an extra fee by calling the same 
number. MFS-27313 
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Analysis of Bolt 
Loads in Simple Joints 

A NASA technical memorandum pre
sents a theoretical analysis of tensile 
loads on preloaded and nonpreloaded 
bolts in simple symmetric and asymmet
ric joints. As in prior NASA Tech Briefs 
articles on this topic, the analysis involves 
schematic and mathematical models of 
the joints, wherein the elasticities of the 
bolts and the bolted hardware and the 
couplings between them are summa
rized by representing them as simple 
springs connected variously in series 
and parallel. The utility of this analysis 
lies in the demonstration of how the ten
sile and compressive loads under vari
ous combinations of externally applied 
tensile load and bolt preload are distrib
uted in a bolt and the abutting bolted 
flanges of a joint. 

This work was done by H. M. Lee of 
Marshall Space Flight Center. Further 
information may be found in NASA TM-
108377 [N93-12412ITB], "The Mecha
nism of Bolt Loading." 

Copies may be purchased [prepay
ment required] from the NASA Center 
for AeroSpace Information, Linthicum 
Heights, Maryland, Telephone No. (301) 
621-0394. Rush orders may be placed 
for an extra fee by calling the same 
number. MFS-27314 

Hidden Impact Damage in 
Composite Structural 
Members 

A report describes experiments in which 
ultrasonic inspection revealed hidden 
impact damage in graphite/epoxy com
posite struts 1 in. (2.54 cm) in diameter. 
The struts were subject to impacts by 
dropped weights at kinetic energies of 3.0 
in.-Ib (0.34 J), 4.83 in.-Ib (0.55 J), and 6.74 
in.-Ib (0.76 J). The impacts at 3.0 in.-Ib 
caused no visible surface damage, while 
those at 4.83 in.-Ib caused very little or no 
visible surface damage, depending on the 
specimen. Nevertheless, in ultrasonic C
scan images, roughly elliptical regions of 
internal damage were clearly evident under 
the surfaces at the impact sites. When the 
struts were subjected to compressive 
stress, all failed by local buckling at the 
impact sites. The reduction in compressive 
strength was typically 60 to 65 percent for 
struts on which the damage was barely 
visible. 

This work was done by Gun-Shing 
Chen, George M. Bidinger, Suyon Cho, 
and Michael C. Lou of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, "Impact 
Damage in Small Diameter Graphite/ 

Epoxy Composite Struts, n write in 4 on 
the TSP Request Card. 
NPO-18797 

Analysis of Vibrations of a 
Reed 

A report presents a theoretical study 
of vibrations of plug caps that are placed 
over the outer ends of some hollow tur
bine blades to prevent circulation 
through the hollow cores of the blades. 
Because each plug cap is held from one 
side of the hole at the end of the blade, 
it can act as a cantilever spring, and it 
can interact with the flow in a manner 
similar to that of a clarinet reed: that is, 
the flow around the plug cap can 
become unstable, causing the plug cap 
to vibrate. In the report, the issue of sta
bility and instability is addressed by a 
theoretical analysis of the interactions 
among (1) the spring-and-mass dynam
ics of the plug cap, (2) the modulation of 
flow caused by variation of the gap 
between the cap and its seat, and (3) 
the acoustic impedance of the hollow 
cone of the blade (which is, in effect, an 
acoustic resonator). 

This work was done by Yi M. Chang 
and James R. Fenwick of Rockwell 
International Corp. for Marshall Space 
Flight Center. To obtain a copy of the 
report, "Reed Stability," write in 101 on 
the TSP Request Card. 
MFS-29954 

Physical Sciences 

Segmentation of 
Polarimetric SAR Data 

A report presents one in a continuing 
series of studies of the segmentation of 
polarimetric synthetic-aperture-radar 
(SAR) image data into regions. These 
studies are directed toward refinement 
of a method of automated analysis of 
SAR data, based on the concept that 
regions within which SAR backscattering 
characteristics are homogeneous or at 
least sufficiently similar, can be identified 
with a particular kind of terrain (e.g., 
farmland, forest, urban area, mountains, 
or sea ice). 

This work was done by Eric J. M. 
Rignot of Caltech and Rama Chellappa 
of USC for NASA's Jet Propu lsion 
Laboratory. To obtain a copy of the 
report, "Segmentation of Polarimetric 
Synthetic Aperture Radar Data," write in 
136 on the TSP Request Card. 
NPO-18728 
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(continued (rom page 18) 
MicroPatent 749 
East Haven, CT 
MicroPatent, a supplier of US and European patent 
information, is offering free trial subscriptions to 
monthly patent bulletins in biotechnology, pharma
ceuticals, and medical devices from SO countries. 

Molecu Wire Corp. 749 
Farmingdale, j 
A catalog will describe Molecu's unique capabilities 
to produce precision fine wire and ribbon products 
including in-house enamelling and gold plating. 

National Coalition for Advanced Manufacturing 749 
Washington, DC, 
is an industry-led coalition advocating industrial 
modernization. Currently, members include 300 
manufacturing companies, 250 industrial trade and 
technical education associations, and 25 manufac
turing extension. 

New Technology Week 749 
Washington, DC 
provides coverage of advanced and energies technolo
gies reporting on business opportunities and strategies, 
federa l pol icy, technology transfer, and competitive
ness issues. 

Optigain Inc. 749 
Peace Dale, RI 
Literature will describe rare-earth doped fiber ampli
fiers for 1550 nm, 1300 nm, and 800 nm bands and 
other custom-built active fiber devices including lasers 
and filters. Computer models for fiber amplifiers, 
lasers, and single-mode fibers also will be highlighted. 

Panasonic Broadcast & Television Systems 749 
Rockville, MD, 
manufactures a full line of professional/industrial 
video recorders, monitors, cameras, and production 
equipment. 

Precision Metalsmiths Inc. 749 

Cleveland, OH, 
offers ferrous and nonferrous investment castings at 
total lower cost to OEM manufacturers who use pre
cise metal parts under 10 Ibs. PMI also does pre
production prototyping. 

Presay Corp. 749 
Pawling, NY 
Literature will describe rubber seals and gaskets 
including inflatable seals for use in environmental 
chambers, electronic processing and test equipment, 
and aerospace and defense applications. 

Research Support Instruments 749 
Hunt Valley, MD, 
manufactures preciSion instrumentation for space night 
and other demanding environments. Specializations 
include remote sensing instrumentation, systems engi
neering, and special applications. 

Rotor Bearing Technology & Software Inc. 749 
Conshohocken, PA 
This brochure focuses on Advance Rotating Machinery 
Dynamics, the most advanced and complete software 
package for rotor dynamiCS, torsional vibration, fluid
film bearings, rolling element bearing, and lubricant 
analysis. 

Scientific Measurement Systems Inc. 749 
Grand junction, CO, 
manufactures the jarrel-Ash line of gratings, mono
chroma tors, and spectrographs. The company's engi
neers can provide customized instruments to meet 
customer needs. 

Seal Master Corp. 749 
Kent,OH 
The company's brochure shows inflatable seal con
struction, configurations, retaining systems, and air 
connections. Inflatable seals are used where a positive 
seal is needed between two opposing surfaces. 

Advertisement 

SEMicro Division of M.E. Taylor Engr. Inc. 749 
Rockville, MD 

Literature will detail the PA TIl line of coatings and 
adhesion testing instruments. Also available are unbi
ased true tensile tests as per ASTM D4541, as well as 
test, paint, adhesive, inks, paper, and more. 

Servometer Corp. 749 
Cedar Grove, Nj, 
The company's brochure will describes servometer 
miniature metal bellows and electroforms for metallic 
hermetic seals, aneroids, volume compensations, pres
sure and temperature sensors valve seals, and flexible 
connectors. 

SIR Sanford Fleming College 749 
Peterborough, Ontario 
Accurate measurements, reliable data, and continuous 
improvement are the hallmarks of success. The 
Fleming Metrology Training Institute facilitates educa
tion, training, and technology transfer in the field of 
applied measurements and quality management. 

Synthetic Technologies Inc., 749 
Research Triangle Park, NC, 

provides connections to research professionals in key 
technology areas with its profile directories and data
bases. These provide detailed information on research 
efforts, resources, and technology developments 
throughout industry, government, and academia. 

Texnology Inc. 749 
Brookline, MA, 
is an electronic document consulting firm specializing 
in TEX and SGMUTEX/Acrobat for on-line and typeset 
technical documents. The company also provides 
technical journal, book, documentation, and other 
custom multiuser macro packages. 

DAVID SARNOFF RESEARCH CENTER 
The David Samoff Research Center, a 

subsidiary of SRllntemational, conducts 
research in consumer electronics, solid 
state physics, materials science, and 
communications. 

Samoff is a client -supported facility 
with expertise in software and digital IC 
design, process and materials research, 
digital signal processing hardware and 
software, electromechanical devices, and 
displays. This expertise is applied to pro
jects for both commercial and govem
ment customers. 

Many of the major advances in elec
tronics during the past 50 years have 
been pioneered at Samoff in West 
Windsor. Originally it was established as 
RCA Laboratories, but after RCA was 
sold to General Electric in 1986, the 
Samoff Center became part of SRI 
Intemational, in Menlo Park, CA. 
Developments made at Samoff include 
color television, high-speed computer 
memories, injection lasers, liquid crystal 
technology, solid state amplifiers for 
satellite communications, MOS transis
tors and logic arrays, and optical and 
capacitive video disc systems. 

To be competitive in the Information 
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Age, Samoff is finding new and different 
ways to "partner" with clients to leverage 
resources and maximize benefits. Rather 
than adhere to one narrowly-defined 
business model, Samoff's approach is to 
be flexible and to add value to product 
development. 

Examples of partnering efforts include 
continuing participation in the Grand 
Alliance, which is developing a system for 
HDIY; membership in the Phosphor 
Technology Center of Excellence, bring
ing together academia, govemment, and 
industry to develop advanced phosphor 
technology; and, being a founding mem
ber of the Consortium for Educational 
Process and Technology to develop col
laborative and long-distance leaming 
techniques. 

Samoff is also commercializing some 
of its own technologies through new 
spin-out companies. SENSAR, the first 
spin-out, was introduced in 1992 to com
mercialize computer vision hardware and 
software, and now has three products on 
the market. A second company, to be an
nounced later this year, will target the video 
server and video production markets. 

Whether it be helping a client bring a 

For More Information Write In No. 455 

The David Sarnoff Research Center offers a 
full line of visible and infrared detectors and 
cameras, as well as III-V semiconductor 
components. 

product to market, forming alliances to 
advance R&D, or spinning out new com
panies that will attack electronic imaging 
problems, Sarnoff expects to playa sig
nificant role in the evaluation of digital 
imaging technologies. 

For more information, please contact 
Cynthia S. Gray, Manager, Media Rela
tions, David Samoff Research Center, 
CN 5300, Princeton, NJ 08543-5300. 
Tel: 609-734-3038; Fax: 609-734-2870. 
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~tl ERATURE SP TLIGHT 
Free catalogs a literature for NASA Tech Briefs readers. 

To order, write in the corresponding number 
on the Reader information Request Form (page 107). 

NUMERICAL 
ANALYSIS 
SOFTWARE 
Free HiQ numerical analy
sis and data visualiz.ation 
demonstration sofrware for 
Macintosh. The demon
str"ion package includes 
the HiQ demo program and 
an 84 page step-by-step 
demonstration manual that 
gives the user a comprehen

sive look at HiQ Example problems include signal pro
cessing. ordinary differential equations. linear algebra. 
numerical integration. and 3D visualization. Tel: 512-794-
0100.800-433-3488 (US and Canada); Fax: 512-794-8411. 

National Instruments 
For More loformation Write In No. 3 00 

LOW-COST PC
COMPATIBLE 
DATA LOGGER 
Puts eight thermo couple 
channels on monitor, 
priorer. or disk fot $279 
complete. Specifically for 
labo ratory and ind ustrial 
temperature moniwring. 
Avoids com plex set-up or 
installation and is function-
ing within minutes. RS-

232 interface powers convener and eliminates sensor 
wires at computer. Quick-Basic®MS source code and 
compiled program provided. 16-cbannel and linear sen
sor options. Tel: 609-662-7272. 

DCC Corporation 
For More Information Write In No. 3 0 3 

; 

i:- = .. 

RUGGED, PRE
CISE, ACCUS
TAR® II MINI 
DUAL AXIS 
CLINOMETER 
The new Schaevitz™ 
AccuSrar II combines accu
racy and ease-of-integrarion 
for unmatched versatility. 
Designed to save space and 
reduce cons, the AccuSrar 

II can be used in such diverse applications as aucomodvc: 
securicy, wheel alignment, and navigation systems; heavy 
machinery; and surface and below surface marine sys
tems. Tel: 800-745-8008; Fax: 800-745-8004. 
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Lucas Control Systems Products 
Schaevltz™ Sensors 

For More Information Write [n No. 306 

1-""""' .... '"C>' ( ..... " CONTRAST 
~~ ~~ ENHANCEMENT 

FILTERS 
PROVIDE EMil 
RFI SHIELDING 
Duralan II TM high perfor
mance windows, lenses, and 
filters provide shielding from 
EMI/RFI by combining 
plastic transparent films with 

wire, copper, or stainless steel meshes and various con
ductive coatings. Available in a range of surf3.ce finishes. 
dticknesses. and color tints. Duralan II provides anti
reflection. maximum light transmission, and optimum 
durability. Tel: 609-825-8900. 

Silver Cloud Manufacturing Co. 
For More InforDla tion Write rn No. 3 01 

PCMCIA 
MEMORY 
CARDS AND 
ACCESSORIES 
The PCMCIA 68 pin Stan
dard is the newest technol
ogy in data storage and lIO 
for Mobile compurers. 
Envoy Data has compiled 
(he latest p roducts in its 
new catalog. Typical prod

UCts are: SRAM. and Hardrive memory cards; 
Fax/Modem. LAN. Serial GPS lIO cards; ReaderIWriter 
card drives; PCMCIA accessories. Technical support and 
data sheets are also available. Tel: 602-892-0954; Fax: 
602-892-0029. 

Envoy Data Corporation 
For More Information Write In No_ 3 0 4 

--

BROCHURE 
FEATURES 
DURALITH 
PRODUCTS 
A new capabilities bro
chure from Lucas Control 
Systems Products focuses 
on the application solu

tions provided by Dura
lith™ Man-Machine In-
terfae< products. The bro

chure includes secrions on custom membrane switch 
panels. molded rubber aClUacors and arrays, resistive 
[Ouch screen panel assemblies, and special£)' produCtS. 
Tel: 804-766-4250; Fax: 804-766-4258. 

Lucas Control Systems Products 
DuralithTM Man-Machine Interfaces 

For More Information Write [n No. 3 0 7 

PRECISION 
MOTION 
CONTROL 
API's 132 page mo[Or sys
{ems catalog is a complete 
source for mocion control 
technical. application. and 
product data. Definitions. 
market applications. com
parison cbans, specifica
tions and diagrams simplify 
the selection/application 

process. API products range from full/half Step driver 
modules to high performance microsrep systems. Contact 
American Precision Industries. Controls Division. Tc:I: 
716-631-9800; Fax 716-631-0152. 

American Precision Industries 
For More Information Write In No. 302 

NEW SEAL 
..... SELECTION 

GUIDE 
American Variseal an

no unces thelr new Seal 
election Guide for high 

performance spring
energized sea ls. T h is 
unique eight-page colo r 
manual describes Variseal' s 
wide range of products fo r 
static, reciprocating and 

rotary service. Engineering cnarts include seal perfor

mance ratings at various pressures, temperatures and 
speeds. Also included are data on seal materials. gland 
design. surface finish. standard sizes. custom designs. and 
technical support. Call 1-800-466-1727. 

American Variseal 
For More lnformation Write In No. 305 

Many new baJJ screw and 
ball nut sizes have been 
added to our ball screw 
product line. including 
metric models. New low 
COSt Supernuts that feature 
a patented preload adjust
menr give positioning 
repeatability of less than 
.0005" and are offered for 
every leadscrew size. These 
new produCts are featured 
in the new BS&A catalog 

no. 94. as well as a complete line of bearing units. linear 
bearing assemblies. and more. For catalogs or engineer
ing assiStance call: 800-882-8857. Fax: 408-629-2620. 

Ball Screws & Actuators Co. 
3616 Snell Avenue, San Jose, CA 95316. 

For More Information Write In No. 308 

NASA Tech Briefs. October 1994 



LITERATURE SPOTLIGHT 
PRECISION 
POSITIONING 
AND MOTION 
CONTROL 
155 page caralog covers 
NEAT's expanding line of 
Precision Positioning Com
ponenrs and Sysrems. 
Featured are singJe-axis, 

Sa Nul Mot;onExpo, X-y, multi-axis, rotary, high 
Booth 1320 vacuum, and air bearing 

Stages. NEAT provides complementary srepping and ser
vo moroc drives and controls, as well as turnkey solutions 
to aucomation, inspecrion. and production requirements. 
Srage travels range from 2-30+ in. with a repeatability of 
I 1"", speeds ro 80"/sec. and resolurions ro 5 nm. 

New England Affiliated Technologies 
For More Information Write In No. 3 10 

OPTTTEST 

j I III 
jill. 

••• ••• 

OPTITEST 
MODULAR 
AUTOCOLLI
MATION 
SYSTEM 
Totally modular sysrem 
incl udes objective tubes, 
fedeles, beamspliner as
sembly, eyepieces, ilium i
narion and more. Com
ponents can easily be inter

changed o r combined to produce Auro-Collimators, 
Collimators or Telescopes. Straighr or 90" viewing can be 
achieved. Standard focal lengths /Tom 100 to 500mm are 
available. Research model offers 3000mm focallengrh. 

MILDEX Inc. 
For More Information Write In No. 313 

SPIRAL 
RETAINING 
RINGS 
Selecr from over 2000 

Retaining Rings, srocked 
in diamerers from 112" to 
16" (12mm to 280mm), in 
English & metric sizes and 
carbon or stainless Heel. 
Find all ring sizes in o ur 
NEWLY RELEASED 56 
PAGE CATALOG No. 

RR-93. The cacalog con rains comprehensive informarion 
fo r Engineering Design, Materials, Formulas, Shear, 
Bending. RPM, Insrallation Stress & Groove Design. 
Tel: 708-537-7600; Fax: 708-537-7698. 

Smalley Steel Ring Company 
For More Information Write In No. 316 

INDUSTRIAL 
COMPUTERS 
AND DATA 
ACQUISITION 
SOLUTIONS 
1994 Masrer Source
Book TM is 164 pages. New 
Products include: Pentium 
CPU's, 80386DX & 
80486DX Engine CPU's, 
80386DXJ486DXJ486DX2 

ingle Board CPU's, and 
80486DXJ486D2 E[ A PCXI CPU's, NEW 6 & 10 
Sior Nodes, and. NEW 20- lor Rack Mounr Chassis 
with Mega-Drive Capacity. Indusrrial Computer Source, 
9950 Barns Canyon Road. San Diego, CA 92121-2720. 

Tel: 619-677-0877. 
For More Info rmation Write In No. 319 
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Free LiteraturefTo Advertise call (800) 944-NASA 

RECORD DATA 
WITH ANY PC 
Today's most advanced 
recordi ng systems arc nor 
paper chan recorders. 
They're paperless, PC
based dara acquisirion sys
[t~ms from Daraq lnstru
men £s. We I vc: replaced tra
ditional insrrumenu in a 
variety of appl ications wirh 
low-cosr and flexible alrer-
natives that have saved our 

cusromers thousands in paper COStS alone. Factor in the 
productivity gains of computer-based analysis and you 
have: a solunon you can't afford ro ignore. 

OAT AQ Instruments Inc. 
Tel : 800-553-9006; Fax: 216-666-5434 

For More Information Write [n No. 311 
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NEW 1995-96 
COLE
PARMER® 
INSTRUMENTS 
CATALOG 
The new, free 1995-96 
Cole-Parmer instruments 
catalog con rains over 1700 
full-color pages and fea
rures more rhan 40,000 

products covering scientific instruments, equipment, and 
supplies. T he caralog includes a derailed 40-page p roduct 
index and table of coments, informative inuoductory 
pages for many of the catalog sections, "Hor Tips," and 
an 8-page section of lare-breaking producrs. Contacr 
Cole-Pa rmer Instrument Company-in rhe USA or 
Canada. call roU-free 1-800-323-4340. 

For More Information Write In No. 314 

THERMAL 
ARRAY 
RECORDERS 
Yokogawa Corp. of Ameri
ca's OR2300A Product 
Catalog inrroduces major 
advances in real-rime: rc
cording using thermal array 
rechnology. The parenred 
Dor Overlap w ri Ling sys
tem resuhs in four cimes 
beteer time axis resolution, 
giving clearer, morc: read

able traces ar fust chart speeds. The revolutionary user 
inrerface guarantees simplicity of operation by incorpo
raring a 5" EL Display. which reduces setup rime and 
enhances real-rime performance. Call 800-258-2552. 

Yokogawa Corp. of America 
For More Information Write In No. 317 

PRECISION ORIFICES/RESTRICTORS 

Dar. sheet introduces quick-disconnecr and in-line preci
sion orifice connectors within which synthetic sapphire 
or ruby-with zero porosity, high remperature tolerance 
and wear resistance-form me critical internal diameter 
of the orifice in ranges srarring ar .0008". These precision 
orifices are available with filters and in a variety of cus
rom or srock firtings. Dara sheer depicts and ex.plains 
connector consrrucrion and dimension . Also explained 
is a rrail kit program for designers. 

Bird Precision 
For More Information Write In No. 320 

GPS
SYNCHRO
NIZED TIMING 
PRODUCTS 
TrueTime's Precision 
Timing Products caralog 
fearures GPS-SynchronW:d 
Clocks in rackmo u or, 
portable. and board-level 
configurations. I ncludes 
ill ustrations and product 

specifications for our complere line of Synchronized 
Clocks, Time Code Products, and Remote Displays to fir 
a variety of time and frequency applications. 

TrueTime, Inc. 

For More Information Write In No. 312 

ABSOLUTE 
ROTARY 
ENCODERS 
Depend on H EIDEN
HA l N for a selection of 
absolu te rotary encoders 
for all your angular posi
tion feedback applicarions. 
Contact us today for a 
free 85 page brochure. 
Add ress: 115 Commerce 
Dr., Schaumburg. [L60173. 

'--____ -==== Tel: 708-490-1 191; Fax: 

708-490-3931. 

HEIDENHAIN 

For More Information W rite In No. 315 

PLANTMANTM 
VIBRATION 
MONITOR! 
SPECTRUM 
ANALYZER 
Plaorman TM, a small PC 
inn~rface mo d ule with 
sofrware. converts a Note
book PC inro a dara col
lector and spectrum ana
lyzer. Used for walk-
rnrough candidon moni

toring of vibration on rorating machinery. Gather, 
stores, and analyzes dara. Tel: 216-562-5729; Fax: 216-
562-1186. 

Vibration Test Systems 
For More Information W rite In No. 3 18 

EMCOR 10 SERIES ENCLOSURES
STRENGTH WITH VALUE 

~. II •• 
~"f.~_ 

1 0 Series enclosures from Erncor fcorure a or wide 
mulri-formed frame channel with fully welded and meral 
finished corner joint consrruction. They arc designed to 
handle load capaciries as high as 3000 pounds and utilize 
machine screw hardware for added strength. Erncor 
Products, 1600 NW 4th Ave., Rochesrer, MN 55901. 
Tel: 507-289-3371. Fax: 507-287-3405. 

Emcor Products 
For More Information W rite In No. 321 
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LITERATURE SPOTLIGHT 
COLOR 
PRINTER FOR 
SCIENTIFIC 
APPLICATIONS 
Breakthrough digital image 
!echnology color printer. 
Ibe PICTROGRAPHY. 
3000 provides color accu
racy and image c1ariry dra
matically beller Ihan dye-
sublimation prinlers. Laser

precise. one-pass photographic process eliminales band
ing. registration problems. Prinrs in under 2 min .• paper 
or rransparency. Superior color gamut, gradations as 
smooth as on-screen, for color-criticaJ, data-intensive 
images. For a free sample. call 1-800-347-2484. 

Itochu Technology Inc. 
For More Information Write In No. 322 
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FREE 
ELECTRONIC 
HARDWARE 
CATALOG 
Broadesl seleerion of quali
ty hardware for electronic 
assemb!;es. 350-page cara
log includes a full mnge of 
standoffs, captive screws 
and nuts, chassis fasteners. 
handles, ferrules , spacers 

and washers. Special sections include new/unusual prod
urn. mellic informarion. and Mil-plaring specificalions. 
Full inventory. fasl rurnaround samples. Accurale Screw 
Machine Co .• 10 Audrey PI/Box 10095. Fairfield. NJ 
07004-6095. Tel: 1-800-237-0013; Fax: 201-244-9177. 

Accurate Screw Machine Company 
For More Information Wrire In No. 325 

New full-color posilion
ing equipmenr rechnology 
guide from Anorad pro
vides an overview of engi~ 
nee red motion conuol 
solucions for many indus· 
tries, including automa~ 
tion, laser processing, 
semiconductor and elec
tronics. The brochure pre-

~~ _ sencs Anorad's broad array 
of posilioning reehnologies 
including linear. rotary 

and air bearing stages; linear servo motors and controls. 
An easy use selection guide is included 10 help users se
leer Ihe most appropriale equipment for meir application. 

Anorad Corporation 
For More Information Write In No. 328 

MOTORS THAT 
SURVIVE 
Empire Magnerics' catalog 
"Motors That Survive," 
fearures specialized motors 
for hoslile application en
vironments. The 42-page 
catalog highlights me com
pany's 1.8° stepper motors. 
brushless mOlors. gearbox
es. brakes and resolvers for 
use in harsh environments 

mac are destructive to ordinary motors. MotOr versions 
are rared for vacuum, radiatjon. high temperarure. cryo
genic, wet, abrasive, dusty, oily. and corrosive condhions. 
Tel: 707-584-2801; Fax: 707-584-3418. 

Empire Magnetics Inc. 

For More Information Write In No. 331 
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VACUUM 
VALVES 
VATs new 225 page hard
cover catalog contains 
delailed information and 
drawings on a comprehen
sive sdecrion of gate, 
angle. all-metal. slil. fasl
closing tbrortle. and pres
sure coo((ol valves. Using 
innovative sealing lechnol-
0gy, Ibey are ideal for 

pump isolation. load-locks. beam lines. or omer vaccurn 
applications. 

VAT 

For More Information Write In No. 323 

PPCK HIGH 
fi1l1 PRESSURE 

CALIBRATOR 
PPCK is a second genera
tion automated pressure 
coorroUerlcaJibrator for gas 
pressures up to 10.000 psi. 
Each model has three mnges 
wilh ±O.O 1 % accuracy 
(e.g. 100012000/3000 psi). 
RS232 and IEEE-488 in-
terfaces. complete front 

panel control. built-in valve drivers and analog measure
ment of rest device outputs. 

DH Instruments Inc. 
1905 W. Third St., Tempe. AZ 85281-2490. 

Tel : 602-967-1555; Fax: 602-968-3574. 
For More Information Wrire In No. 326 

CRYOGENICS
PROTOTYPE 
TO PRODUC
TION 
Cryofab. Inc. offers custOm 
and slandard cryogenic 
equipmenr designed 10 fir 
your requiremenrs perfeer
Iy. Our fabrication capabil
ities include D.O.T .• 
ASME. ANSI and ANSI 
B31.3. Cryofab's manufac

turing abilicies include vessels. chambers. containers. 
rransfer lines. VJ piping and accessories. 

Cryofab, Inc. 

For More Information Write In No. 329 

NEW 
MSCIARIES 
BROCHURE 
12-page brochure derails 
lalesr fearures of advanced 
solid geometric modeling 
and frnile element pre- and 
pOStp rocess i n g softw3 re 
series. used since 1987 by 
major corporations to cre
ate, a.nalyze and optimize 
complex mechanical de

signs. Includes FEM automatic and mapped meshing. 
Based on ACIS standard. MSCIARIES is tightly linked 
wim MSC/NASTRAN CAD/CAM. and rapid proloryp
ing systems. Tel: 800-642-7437. ext. 500. 

The MacNeal-Schwendler Corporation 
For More Information Write In No. 332 

~DtUEL 
OCOC CONVERTERS 

"",., 
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NEW DCIDC 
CATALOG 
HAS 100+ 
PRODUCTS 
New. full-color calaJog 
covers complete line of 
10w-<XlSt, modular. DC/DC 
Converrers: single/du .. 11 
triple ourpurs. 3-50 WaIlS. 
wide input ranges (9-36V. 
ls-nY). isolated and non

isolaled. many 3.3 V devices. Describes custom capabili
ties and new EMl/EMC faciliries. DATEL. Inc .• 11 
Cabol Blvd .• Mansfield. MA 02048. Tel: 508-339-3000. 
800-233-2765; Fax: 508-339-6356. 

DATEL, Inc. 
For More Information Write In No. 324 

STANDARD 
AND CUSTOM 
MOLDED 
RUBBER 
PRODUCTS 
An Elastomer Selecrion 
Guide summarizing the 
physical properties of rhe 
most commonly used 
malerials in rbe molding. 
casring. eJCcruding. and die

CUI fabricarion of parrs is included in mis package of 
materials from AME. Also included are data sheets on 
me company's line of O-Rings. swilch seals (boors). self
sealing fasreners. and el=icaJly conducrive paIlS. 

AME Corporation 
For More Information Write In No. 327 , 
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POLYMERS 
& ACRYLIC 
MONOMERS 
A new. 12-page four-color 
brochure ritled "Engineer
ing Polymers and Acrylic 
Monomers. n Included are 
polymers and monomers 
family of productS. includ
ing Rilsan~ 11 and 12 
polyimides; Rilsan. pow
der coarings. Pebax. Iher-

moplasric elastomer resins. Platamid. and Plamerm. 
hot mell adhesives; Plarilon iD hOI mell film. and acrylic 
monomers. Product description, background. and a sam
pling of applicarions are also provided. 

Elf Atochem North America, Inc. 
For More Information Wrire In No. 330 

HowCanYouGo 
From Raw Data IOlhe 
Perfea EguauonUl 

Less Than 3OSeronds? 

CURVE 
FITTING AND 
SURFACE 
FITTING 
SOFTWARE 
Jandel TableCurve 20 and 
3D rank and graph the 
besr fining equalions for 

~ your X.Y and X.Y.Z dala 
sers respectively. View your 
fit results on screen, as well 

as review the numetic summary which is generated auto
marically with each fil. 

Jandel Scientific Software 

For More Information Write In No. 333 
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LITERATURE SPOTLIGHT 
TOOLING 
COMPONENTS 
& EQUIPMENT 

ew 400 page reference caralog 
offers a full range of tooling compo
nents and equipmenr. Items include 
handwheels, handles, knobs, spring 
& ba ll plungers, leveling pads, 
clamps, set up accessories, locating 
devices. cutting cools, rivets, thread 
iose.res, hard co find tools and metric 
items. Contains complete specifica
rions and pricing. All items are 

S[ocked for same day shipmem. Reid Tool Supply 
Company, 2265 Black Creek Rd. Muskegon, MI 49444. 
Tel: 800-253-0421; Fax: 800-438-1145. 

Reid Tool Supply Company 
For More Information Write In No. 334 

TOOLS, TOOL 
KITS, CASES 
& TEST 
EQUIPMENT 
Installation/repair cools, 
cool kits, reS[ equipment, 
[decom equipment, LAN 
tesrers & insrrumenrlship
ping cases are detailed in 
this 300+ page fu ll-color 
catalog. Includes producrs 

for field service & depot repair. Indexed caralog fearu res 
over 100 standard tool lcirs & complete infotmation on 
""customizing'" to meet specific customer requirements. 
Complere specs & prices are provided for all producrs. 
Tel: 800-866-5353; Fax: 800-234-8286. 

Specialized Products Co. 
For More Information Write In No. 337 

SPRING 
DESIGN 
Mid-West Spring's new 
Gujde to Spring Design 
belps engineers/designers 
plan, design and specify 
springs. Brochure includes 
design formulae, materials 
properry and Wahl curva
cure suess correction data. 
Compression, to rsion and 
t'xtt'nsion springs are dis

cussed, along wim materials data on high carbon spring 
steel, steel alloys, srainless steel, non-ferrous, and high 
temperature alloy wire and flat higb-carbon spring steels. 
For more information contact Mid-West Spring Manu
facturing Company, 8 Greenwood Ave., Romeoville, IL 
60441. Tel: 815-838-7812; Fax: 815-886-1510. 

For More Information Write In No. 340 

SEALING 
ASSEMBLIES 
Conax Buffalo offers a 
28-page caralog on Conax 
Buffalo Pressure and 
Vacuum Sea li ng Asse m
blies witb comprehensive 
information on soft sealed 
technology for wires and 
probes. Complete technical 
data and ratings for each 
product rype, from stan

dard sealing glands ro complere assemblies, are included, 
as well as information on custom engineering and appli
cations. Catalog includes a postpaid reply card for techni
cal assistanct'. 

Conax Buffalo 
For More Information Write In No. 343 
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ULTRASONIC 
TESTING 
EQUIPMENT 
The T-Mike E, everything 
you could want in an ultra
sonic thickness gauge, 
incorporating ten years of 
customer suggestions into 
one vt'ry compact, easy-ro
use unit. Designed to fit 
comfortably in your hand, 
tbe T-Mike E is built to 

last with an environmentally sealed, water resiscant case 
and keypad. Unit size is 2.5 in. wide, 4.5 in. long. 1.25 
in. deep and weighs only 11 oz. Tel: 408-438-6300; Fax: 
408-436-7917. 

StressTel Corporation 
For More Information Write In No. 335 

REAL-TIME 
NETWORK 
The SCRAMNet™ Net
work combi nes the real
time speed of replicated 
shared memory with the 
flexibility of a fiber op
tic LAN to get micro
second response from 
multi-vendor comput
ers. It offers distinct ad
vantages in critical simu
lations. Brochure high-
lights system's features. 

Systran Corp. 

For More Information Write In No. 338 

HUNTER MINI
PLATING PENS 
Low-cost disposable appli
cators permit instantaneous 
sde:ction from a variety of 
plating possibilities wimout 
preparation of solutions. 
Specially formulared plat
ing compounds can be 
used anywhere: prototype 
development work, elec
tronic instrument repair, 

contaCt repair. etc. Pens available: copper, tin. zi.nc, nick
el, black nickel, silver, chrome-color, rhodium, palladium 
and gold (24, 18, and 14K). Tel: 908-526-8440; Fax: 
908-526-8348. 

Hunter Products, Inc. 
For More Information Write In No. 341 

PROTO
TYPING, 
TEST INTER
CONNECT 
Call for a complete range 
of Interconnect Solutions 
including hundreds of 
Prorotyping Adapters, Test 
Probe Adapters for PLCC 
and Quad Flat Pack, 
Surface Mountable Test 
Adapters, Programming 

Adaprers, and other interconnect devices. QUICK 
TURN CUSTOM DESIGN SERVICE .... 

Ironwood Electronics 
Tel : 612-431-7025 

For More Information Write In No. 344 

RECIRCULAT
ING CHILLERS 
64-page catalog features a 
complete line of recirculat
ing chillers for cooling 
water-cooled equipment. 
These chillers offer steady 
cooling with heat load 
removal up to 75 kW, 
spanning temperature 
ranges of +5 ·C to +35 .c. 
Chillers fearure 1) ozane

friendly refrigeration systems, 2) LED display, 3) operat
ing Status gauges, 4) and easy access to imernal compo
nentS. Also available is CFC-free Constant Temperature 
Equipment. Call roll-free at 1-800-258-0830. 

NESLAB Instruments, Inc. 
For More Information Write In No. 336 

The 1994 REMCOR® 
Catalog describes me new 
line of warer Chillers and 
Recirculators. The easy ro 
read rabies and graphs 
make applications and 
Chiller identification sim
ple and convenient. Send 
for the complere Chiller 
Caralog roday. Remcor 
Producrs Company, 500 
Regency Drive, Glendale 
Heighrs, IL 60139. Tel: 
708-980-6900; Fax: 708-
980-851 \. 

Remcor Products Company 

For More Information Write In No. 339 

NEW COMPU
MOTOR CATA
LOG! POSI
TIONING CON
TROL SyS
TEMS & DRIVES 
Compumoror's complete 
360 page engineer's guide 
with specifications, dimen-
sions and performance 

data presents brushless servos, microstepping motor sys
tems, indexers, linear motors and absolute encoders. 
Tel: 800-358-9070; Fax: 707-584-8015. 

Parker Hannifin Corporation, 
Computer Motor Division 

For More Information Write In No. 342 

TEMPERA
TURE INDICA
TORS AND 
MONITORS 
This most extensive line of 
remperarure indicating pro
ducrs includes sticks, label 
monitors, indicating liq
uids and pellers for pre
heat/post-heat welding. 
The 8-page caralog discuss-
es hand test kits, metal 

markers and protective coatings. Applications cover 
welding, meral-working, electronics, nuclear and 
machinery. Tempil Division, Tel: 908-757-8300; Fax: 
908-757-9273. 

Air Liquide America Corp. 
For More Information Write In No. 345 
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LITERATURE SPOTLIGHT 

...... NOISE 
CONTROL 
PRODUCTS 

ew full-line color bro
chure describes world-lead
ing SONEX and SONEX 
1 acoustical treatmeolS. 
Anechoic shapes provide 
400% greater surface area, 
absorbing sound and dim
inating excess noise bener 
than other materials. The 

brochure highlights new produCts added to the SONEX 
line, basic applications, forms , and specifications of 
SONEX products for dfeccive noise control and acoustic 
improvement. Tel: 800-662-0032 or 612-520-3620. 

iIIbruck, inc. 
For More Information Write In No. 346 

GEARHEADS 
GALORE 
22-page catalog has com
plete technical information 
on full line of precision 
gearheads for servo and 
stepper motors. Low back
lash, high torque planerary 
and right-angle designs are 
available in rations from 
3:1 to 100:1 , with torques 
up to 15,000 in-lbs. The 

• catalog features drawings, CUtaway views, and application 
notes. Mounting kits are available for any motor. 

Bayside Controls Inc. 
Tel : 516-484-5353; Fax: 516-484-5496. 

For More Information Wrire In No. 349 

FOUR CHAN
NEL DSO 
COMBINES 
PERFOR
MANCE AND 
PORTABILITY 
Model DLl300A provides 
21 waveform measuremem 
functions, 2-channcl passl 
fail testing, automatic 
sequence mode, TV trigger 
with line and field selection 

and GPfB interface. Optional features include built-in 
thermal printer. memory card storage and video output. 
Call Yokogawa Corporation of America ar 800-258-2552 
for a brochure. 

For More Information Write In No. 381 

ADVANCED COMPOSITE 
WORKSHOPS-SINCE 1983 

The brochure describes 
eleven different '" hands-on '" 
workshops in advanced com
posite materials technology. 
These workshops cover fabri
cation. repair. manufaccuc

ing, tooling. blueprint reading. adhesive bonding. engi
neering design for specializ.ed repairs, and ultrasonic 
inspection of composites. Emphasis is placed on prepreg 
carbon and aramid fiber materials and processes. udlizing 
vacuum bagging and high-temperature curing methods 
in the oven and autoclave. Three workshops are 
Canadian D.O.T. approved. REFRESHER WORK
SHOPS OFFERED. For a free brochure, call toll-free 
1-800-638-8441; Fax; 702-827-6599. 

Abaris Training Resources, Inc. 
For More Information Write In No. 355 
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JU}/-Am 

~ 
QUIET COM
PRESSED AIR! 
Jun-Air's new brochure shows 
you only a few of the possibili
ties. Compressors range from 
oil-lube to oil-less, 110v - DC, 
0.25 - 3.0 HP, 0.7 - 11.0 cfm, 
maximum pressure 120 ps i . 
Vacuum pumps and custom 

designed compressors to cus-
{orner specifications also fea
tured. Join over 250,000 satis
fied customers in over 50 coun-

tries worldwide enjoying their Jun-Air compressors. Ask 
about our line of "Quiet" compressors. Tel: 800-
4JUNAIR. 

Jun-Air USA Inc. 
For More Information Write In 0.347 

FREE FOAM 
SAMPLE 
MATERIALS 
Included are separate speci
fication sheers, as weB as a 

standard-grade property 
comparison chart listing 

sizes, densities, strengths, and orner properties for the 
usage and selection of foams. Sample pieces feature: 
Volara-irradiation crosslinked polyolefin: Volara S
ryper-second-generation cross-linked foams, Volenca
a composite thar has been enhanced, and Minacel. 100 
Shepard St., Lawrence, MA 01843. Tel: 508-685-2557. 
Fax: 508-685-9861. 

Voltek, Div. of Sekisui America Co. 

For More Information Write In No. 350 

NON-STOP 
FROM PRO/E® 
TO ANALYSIS & 
OPTIMIZATION 
COSMOSIM ENGI
NEER makes it easy and 
affordable to include analy

sis and optimization on every design itinerary. Its seamless 
incemce to ProlE fully integrates the design, preprocess
ing and postprocessing fearures of ProlE with the analy
sis and optimization power of COSMOSIM: statics, 
buckling, frequency, heat transfer, optimization, nonlin
ear, advanced dynamics, a super fast solver and tWO 
meshing capabilities. Starting at $6500! Call 310-452-
2158 (west) or 412-635-5100 (east). 

COSMOS/M 
For More Information Wrire In N o. 353 

NEW ALGOR 
PRODUCT 
GUIDES 
AVAILABLE 
Find Out why Algor is the 
choice of more [han 
10,000 engineers in 50 
states and over 60 coun
tries. Product Guide Parr 1 
has details on Algor's latest 
design and modeling prod

ucrs, including exclusive Medin mesh enhancement tech
nology and Hexagen fully-automatic, 8-node solid 
"btick" mesh generator. Parr 2 offers a complete techni
cal overview of Algor's analysis capabilities. 

Algor 
For More Information Write In No. 356 

TRANSMIS
SIVEIREFLEC
TIVE WORK
STATION 
[ncrease throughput and 
quality levels fur both color 
and B&W film imagery 
with gordon's free-stand
ing, djgi[izing work con
sole. Gordon's exclusive 
PLA NAR light source 

feacures: 3200 K quartz balogen lighting. ±5% flamess of 
field (no hot spotS) and a de power supply. 

gordon instruments 
Tel: 800-333-2672 

For More Information Write In No. 348 

FREE 
ENCLOSURES 
CATALOG 
More EMliRFl shielded 
cabinets are offered. 
Shjelding effectiveness test 
dara have been revised. 

Earthquake reinforced en
closures have been added. 
New dual dimensioned tech
nical drawings in this 300+ 

page catalog on modular cabinets, sloped front consoles, 
electronic desks, computer furniture and instrument cab
inets. Selections for express shipping in five days. 
Catalog #500-5 is available in the print version or as an 
lBM-compatible software program. 

Equipto Electronics Corporation 
For More Information Write In No. 351 

PRECISION 
STRIPIWIRE 
Elgiloy® is a combi nation 
strip and wire mill. We 
process a variery of alloys 
including InGone1®, Has
telloy®, Monel®, MJ'35N®, 
Titanium and Stainless. 

Our sales and engineering 
staff arc qualified to handle 
your CUStom material re-
quirem.ents, and our on sire 
resting lab assures you of 

prompt deliveries. Tel: 708-695-1900; Fax: 708-695-0169. 

Elgiloy® Limited Partnership 

For More Information Wrire In No. 354 

COLOR WORK
STATION FOR 
DATA ACQUI
SITION AND 
ANALYSIS 
The HTGOO combines 
internal math algorithms 

with high speed, high resolution c:Ugitizing of analog sig
nals. A built-in VGA color graphics inremce with touch 
panel. mouse or keyboard entry increases ease of use. 
It boasts sampling rates from 1 samplelsec. to 200 
MegasamplesJsec. with memory sizes 2k to 32 Meg and 
digitizers from 8 bits to 16 bitS. From $15,500, depend
ing on digitizers & memory length. Delivery: 30-45 days 
ARO. Contact: Garry Williams, 1-800-248-1633. 

Hi-Techniques, Inc. 
For More Information Write In No. 357 
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LITERATURE SPO TLIGHT 
OXYGEN 
ANALYZERS 
A full-color brochure 
introduces a complere line 
of oxygen analyzers for the 
laboratory or process line. 
They are ideally suired for 
monitoring the oxygen lev
els in all types of gas 
Streams. Trace oxygen lev
els from ppb to 100% are 
accurately derermined by 

these ruggedly constructed instruments. No periodic 
maintenance or special operator skills are required. 
Intrinsically-safe and battery-operated models are also 
available. 

Illinois Instruments Inc. 
For More Information Write In No. 358 

ELECTRO
MAGNETIC 
DESIGN 
SOFTWARE 
The legendary Vector 
Fields suite of software. 
including the TOSCA. 
ELEKTRA and OPERA 

IF VECTOR FIELDS packages. combines classical 
finite element techniques 
with user friendly interac

tive graphjcs for high accuracy 20 and 3D simulation 
and design of all rypes of electromagnetic equjpment. 

Vector Fields Inc. 
1700 North Farnsworth Avenue 

Aurora, IL 60505 
Tel: 708-851-1734 Fax: 708-851-2106 

For More Information Write In No. 309 

205,000 Reasons why 
Your Ad belongs Here 

NASA Tech Briefs' Literature Spotlight sec
tion offers a low-cost way to reach over 
205,000 industry and government LEAD
ERS with your advertising message. These 
are technology managers, design engi
neers, and scientists with tremendous buy
ing power. The December 1994 issue is 
your next opportunity to use th is high
impact sales tool. For more information or 
to reserve space in Literature Spotlight, 
contact your NASA Tech Briefs sales repre
sentative or call Joseph Pramberger at 
(800) 944-NASA. 

FREE lAMP 
CATALOG 
This caralog features re
placemenr lamps ar dis
Count prices for all types of 
audio visual, photographic, 
micrographic and graphic 

:-'=E',:g.~EL-:::: am equipment. 100% 
guaranteed brand names -

P!~!!!f.!!!..,!?' toll free ordering - no min
imum order - ALL deliver
ies via UPS Second-Day 

Air ar no extra cost. Also. lamps for medical and elec
tronic insrcumenu, microscopes and video use. Tel: 
800-772-5267, Fax: 1-800-257-0760. P C Lamps. Inc. 
435 W. Commercial St., E. Rochester, NY 14445. 

PSC lamps, Inc. 
For More Information Write In No. 366 
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ULTRA-HARD 
MATERIALS 
FABRICATION 
Insaco's brochure describes 
the cusrom manufacture of 
components in sapphire, 
ruby, quartz, ceramics of all 
rypes including glass
ceramics, alumina, zirco
nia, carbides, and niuides. 
The company rourinely 

fabricares these materials for applications in optics, chem
istry, vacuum, bearings, electronics, nuclear, space and 
medicine. Tolerances are measured in millionths of an 
inch wirh surface finishes in angstroms and flarness to 
fractions of a wavelength. Tel: 800-959"()264; Fax: 800-
959-0267. 

Insaco, Inc. 
For More Information Write In No. 359 

FREE ACCESS 
TO FEDERAL
lY FUNDED 
TECHNOLOGY 
National Technology 
Transfer Center offers free 
access ro federally funded 
[echnology, an electronic 
bulletin board announcing 
technology [ransfer oppor
tunities, training on [ech

nology transfer issues, and strategic pannering confe.r
ences. Why not call (800) 678-6882 roday and discover 
the research opportunjries righr at your fingertips. 

National Technology 
Transfer Center 

For More Information Write In No. 361 

HIGH VOLTAGE 
DC POWER 
SUPPLIES 
The PS300 series are high 
volrage (up ro 5 kY). low 
current, low ripple sources 
for biasing PMT's and other 
general purpose use. Each 
instrumenr has 0.0015% 
outpur ripple wirh I voir 
resolution, and has inde-
pendent voltage and cur

rent limjts and trips. Analog conrrol inpurs are provided. 
and up [0 nine differe.nt instrument configurations can 
be stored and recaJled. An oprional CPIB (IEEE-488) 
interface provides computer control. Tel: 408-744-9040. 

Stanford Research Systems 
For More Information Write In No. 364 
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THE 
SPECIALTY 
BULB CO. INC. 
Call us to Interchange 
.;. Identify any Lamp. 
We are a highly specialized 
lighr source djstriburor 
with the rechnieal ability ro 
meet rhe individual re
quif(~menrs of irs customers 
and rese:trch institutes. We 
srock European, Domestic. 

and Far Easrern bulb for all industries. 

The Specialty Bulb Co. Inc. 
Tel: 516-589-3393 ' 1-8oo-331-BULB (2852) 

Fax: 516-563-3089 (24 Hours) 

For More Information Write In No. 367 

PC-CAM 
ACCURATELY 
READS CAD 
FilES 
SURFCAM delivers a line 
of PC-based CAM systems 
with high-end 3D surface 
design, model and NC 
machining. plus complete 
CAD/CAM translarors , 
including NURBS. For 
DOS. Windows and 
Windows NT. 

Surfware Incorporated 

For More Information Write In No. 360 

'8ea 01 ~U ~~ ... 
In Ruggedized Video Cameras 

Ruggedized 
Qualified 
• 7 G's RMS Vibration 
• 470 TV Lines Resolution 
• Color (NTSC or Y IC) 
o Miniature, Only l ' x1 ' x S' 
o Weighs Less than 6ozs. 
o Low Light 4.5 Lux 
o Remote Head, Right 

Angle or Straight Versions 

"SEKAI INTERNATIONAL 
14535-H Valley View Avenue ' Santa Fe Springs, CA 90670-5234 

Tel: 310 · 921·7775; Fax: 310·921 ·7875 

For More Information Write In No. 362 

NEW MOTION 
CONTROL 
PRODUCT 
GUIDE 
Aerotech's new 248-page 
Motion Control Product 
Guide provides in-deprh 
technical dara and design 
information for our linear 
and rotary positioning 
smgesj micros[epping mo

rors and translarors, servo morors and drivers (both DC 
and brushJess); position transducers; and mouon con
rrollers (from one ro 16 axes). Aerotech, Inc. 101 Zeta 
Drive, Pittsburgb. PA 15328. Tel: 412-963-7470; Fax: 
412-963-7459. 

Aerotech 
For More Information Write In No. 365 

' •.. "'v~''\ 
\~C ... 6"1\._-.. • .?c.. 

, . ~ ,- - . 

<.,)' .-

FREE 1995 
HP TEST & 
MEASUREMENT 
CATALOG 
With over 700 pages, [he 
1995 HP T esr & Measure
meor Caralog is loaded 
with tutorials. descriptions, 
specifications and prices 
for more rhan 1,500 HP 
products and services. Call 
HP ar 1-800-452-4844. 
Ext. 8774. 

Hewlett-Packard Company 

For More Information Write In No. 368 
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LITERATURE SPOTLIGHT 
NEW 
COMBINED 
CATALOG 
Get rbe besr of Alfa and 
Aesar in one book! The 
new 1995-1996 AIfu Aesar 
Catalog contains over 
1200 new producrs includ
ing inorganic and organic 
chemicals, pure eltmc:nts 
and alloys, analytical scan.
dards, platinum labware, 

laboratory glassware, and more. Call today for your 
1995-1996 AlfuAesar Cacalog. Tel: 1-800-343-0660. 

Johnson Matthey Alfa Aesar 

For More Information Write In No. 369 

NEW BAL 
SEAL DESIGN 
MANUAL 
The 36-page design manu
al includes design informa
tion and a selection guide 
for the principal Bal Seal 
spring-loaded PTFE seal 
designs for reciprocating, 
rotating and static applica
tion applications. Typical 
sizes) seal material, spring 

forces, groove designs, and installation methods for seals 
ranging in 0.015 to 75 inch diameter and 0.015 [0 0.500 
inch cross sections. Tel: 800-366-1006 or 714-557-
5192; Fax: 714-241-0185. 

Bal Seal Engineering Company, Inc. 
For More Information Write In No. 372 

Corrosion 
In Power 

Plants 

LaQue Center 

""""""" ~T""" ...... -PIanI......" 
c.oo.-. MonItoMg --"ConOllon ShOff Coc.ne 

l.cICD CenlllffOrConolklnt.chnoiogy, lnc. 
anlrlcoCompany 

~=::C2I4aQ 
(tlCD2»-Z271 I fAX (flO) 2M.fIIf 

Solu"'" 10 Con-ooIoo Prob ..... 
For ORr Flttr Yean 

For More Information Write In No. 375 

HIGH 
TEMPERATURE 
MATERIALS 
TO 3200°F 
For over 30 years Aremco 
has been producing high 
eemperature ceramic and 
organic based maeerials 
including adhesives, pUt
ties, coatings, machinable 
and fabricated ceramics, 
encapsulants and potting 

compounds, sealants, wasbaway adhesives and high puri
ry single cryscals aod powders for applications to 3200°F. 

Aremco Products, Inc. 

For More Information Write In No. 378 
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Free Literature!ro Advertise call (800) 944-NASA 

The Capparery is a high-reliabili
ry double layer capacitor used as 
a sr.andby power source in mem
ory back-up and bridge-power 
applications. It has virtually 
unlimited cycle life and over 20x 
the capacicance density of con
veotional capacitors. With a 
Perm-sdective valve, parented by 
Evans, 33 Eastern A,re. s East 
Providence, RI 02914-2107, 
Tel: 401-434-5600; Fax: 401-
434-6908. 

Evans 

For More Information Write In No. 370 

111~.tHJ("j·O p )~P 
llfj\'I(~1 •. ... 

FREE DSP 
CATALOG 

r 

UI ' Anr .-",1\,-

BirtWare has the widesr 
range of analog and digital 
I/O available fot your 
groundbreaking DSP appli
cations. Call us today for a 
catalog full of our heavy
dury ADSP 210xO-famiJy 
of floating point DSP and 
I/O products, along with 
our complete set of devel

opment tools. BireWare Research Systems, 33 North 
Main St., Concord, NH 03301, 800-848-0436; Pax: 
603-226-6667. 

BittWare Research Systems 

For More Information Write In No. 373 

M ! TI U III 

-----

Metrum's new 60-page product 
catalog highlights fearures and 
specifications of its entire family of 
inserumenration recording prod
ucts, including reel-to-tee! analog 
recorders. laborarory recorders, 
and porrable digital cassette-based 
tape recorders. The catalog also 
contains Merrum's peripberal aod 
i.maging products, plus highlights 
of the company's 35-year instru
mentation history. 

METRUM 

For More Information Write In No. 376 

Find OUt how Datum Inc. 
Network Time Servers and 
Board Level Timing 
Modules can be used to 
synchronize your network 
and wotkstations to Global 
Positioning SYStem, GPS, 
satellites and IRIG Time 
Code. TCP/IP and Novell 
Netware™ networks can 
be synchronized to within 
1-10 milliseconds. YME, 
VXI. PC, SUN SBuS™, 

QBus™ workstations can be synchronized to within 
1 microsecond. Tel: 800-348-0648 or 408-578-4161; 
Pax: 408-578-4165. 

Datum Inc. - Bancomm Division 

For More Information Write In No. 379 

HIGH VOLT
AGE CATALOG 
New 16-pg. catalog fea
rures Farnell Hivolt's stan
dard producr range of high 
volcage power supplies and 
test equipment. Tbese 
units address such diverse 
applications as ion implao
ration, x-ray equipment, 
CRT displays and analyti-
cal instrumentation. Td: 
216-349-0755; Fax: 216-

349-0142. Farnell Advance Powe.<, 32111 Aurora RD., 
Solon, OH 44139. 

Farnell Advance Power 

For More Information Write In No. 371 

TECHNOLOGY INFORMATION 
Electronic marketplace for ftnding 
technology partners and informa
tion about: 
• Inventions 

• Research 
• Company Needs/Capabilities 
• Technology Business News 
• Commerce Business Daily 
TRP funding provides subsidized 

•
. access to small high tecbnology com-

\. •. panies and universiry aod federal lab 
L----''--_---1 [echnology transfer omces. 900 

West Valley Rd., Suite 401, Wayne, PA 19087. Tel: 
610-293-9712 or 800-248-2469. 

Knowledge Express Data 
Systems, L.C. 

For More Information Write In No. 374 

TECLAB 
ESDWORK
STATION 
CATALOG 
Kalarnawo Technical Fur
niture's 8-page 4/color 
brocbure decails the Teclab 
line of static protective 
workbenches, workstation 
systems, and ESD con-
erolled workstac.ion acces· 

s~ries. Included are color options, product specifications, 
and various levels of £SO protection available. Teclab 
also offers a Free Planning and Design Service. Tedab, 
the "professional's bench." Tel: 1-800-832-5227. Fax: 
616-372-6116. 

Kalamazoo Technical Furniture 
For More Information Write In No. 377 

OFFICIAL NASA CAPS 
Black cap with gold leaves 
and official NASA insignia. 

Only $9.95 each! 

Please send (insert quantity) ___ NASA caps. 
Add $5.00 for handling and shipping charges. 

NY residents add sales tax. 

TOTAL Enclo sed: $ ___ _ 

NAME _______________ __ 

ADDRESS ______________ _ 

CITY 

STATE _______ ZIP _______ _ 

Mall payment to: NASA Tech Briefs, Dept F 
41 East 42nd St., Suite 921 ,New York, NY10017 

For credit card order call (212) 490-3999 
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rts--sE~nsors that know 

electronically which way is up-or down

or too close for comfort. All without 

direct contact. 

Eaton makes a broad range of 

sensors (fiber optic, mechanical, 

photoelectric, pressure, proximity and 

temperature). They help keep your 

machines, processes and systems 

under control. 

At Eaton, we're part of your 

team. Solving tada s problems. 

We manufacture solutions. 

For More Infonnatlon Write In No. 606 



For More Information Write In No. 432 

ELECTRO 
Intuitive 
windows-based 
software to 
test designs 
and reduce 
prototyplng . 

2D from $3500.· 
3D from $9500.· 
·DOS or UNIX; 
static or eddy current; 
yearly lease; 
purchase optional. 

ICS 

coli today for a free demo and booklet: 

MagNetS 
Infolytlca Corporation: 
celebrating 15 years of excellence 
phone: (514) 849-8752 FAX: 849-4239 

11 8 For More Information Write In No. 433 

New on the Market 

Advanced Computing Labs. West 
Chester, OH, has released eural++, 
a collection oj neural networks 
packaged as an easy-to-use c++ 
library. eural++ permits the user 
to explore the adaptive capabilities 
of neural networks including BP, 
CPN, Kohonen, and Outstar. Scal
ing and Z-score data preprocessing 
are transparently automated. 
For More Information Write In No. 706 

The ElectroCraft® LD-Series brush
less motors from Reliance Motion 

Soft Assembly software from SILMA 
Inc., Cupertino, CA, enables design 
engineers to visualize, test, and 
verify the manufaeturability and 
maintainability of parts and subas
semblies without producing full
scale physical mockups. Soft As
sembly automatically generates re
al isticsoftware prototypes from parts 
designed on multiple CAD systems. 
Designerscan dynamicallymanipu
late individual parts in real time to 
verify the feasibi I ity of proposed 
product assemblies within existing 
production constraints. 
For More Information Write In No. 701 

Control, Minneapolis, MN, are de- r.::::==::;;~:::;;::;:,:;;;===~;1 
signed to provide lower-cost solu
tions to light industrial automation 
applications. An improved magnetic 
circuit design dramatically increases 
the servo motors' torque density 
while the motors' small size and 
high torque combine with flying 
lead construction to permit easy in
tegration into tight locations. 
For More Information Write In No. 71 0 

The GP 400 series of PC-program
mable encoders has been an
nounced by IVO Industries Inc., 
Eatontown, NJ. The encoders' oper
ating functions and parameters can 
be programmed before or after in
sta lIat ion, and offer the versati I ity of 
selecting multiturn absolute and in
cremental outputs, as well as reso
lution, output code, and zero points. 
For More Information Write In No. 705 

Data Translation, Marlboro, MA, 
announced DT VEE SamplerTM vi
sual programming software based 
on DT VEETM for Windows. Shipped 
free with each of the company's 
forty DT-Open Layers-compliant 
data acquisition boards, the sam
pler provides immediate access to a 
board's analog inputs without any 
programming. Users can configure 
the inputs, select up to four chan
nels from which to sample data, 

F--~---------~ choose continuous or single sample 
The latest update of Snap-Master™ acquisition, perform an FFT on a 
for Windows™ released by HEM single channel, display up to four 
Data Corporation, Southfield, MI, is channels on a strip chart, and save 
the first data acquisition, analysis, the data to memory or disk. 
and control software for Windows For More Information Write In No. 712 
to break the' 00 K samples/sec plot- 1-;;;;;;;;:;::::::::::-------1 
ting barrier. While offering real -time 
plotting up to' , 0,000 samples/sec
ond with its "Intelligent Plotting" 
capability, the program retains its 
flow chart approach and refined 
user interface to insure that applica
tions are up and running in minutes. 
For More Information Write In No. 713 
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The Eagle Lab Sample Inventory Kit 
from Eagle Stainless Tube Corp., 
Franklin, MA, features 57 pieces of 
40"-long 300 series stainless steel 
hypodermic tubing in sizes ranging 
from 6 to 30 gauge and various wall 
thicknesses. Suitable for evaluation 
and use by deSigners and laboratory 
personnel, the samples were cre
ated to letdesignersexperimentwith 
a full range of tubing sizes before 
plaCing an order. 
For More Information Write In No. 704 
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New on the Market 

An affordable, dual-user 3D visual
ization station offering ultra-fast 
performance has been unveiled by 
Megatek Corp., San Diego, CA, and 
Sea Corp, Newport, RI. Priced at 
$125,000, the MEGATEK Dual User 
3D ViewStation features advanced 
rendering capabilities such as 24-
bit true color, multi-objecttranspar
ency, texturing, surface anti-aliasing, 
and 1280 x 1024 resolution. 
For More Information Write In No. 709 

The Power Cube™ OEM stepping 
motor drive package introduced by 
Whedco Inc., Ann Arbor, MI, con
verts pu Ise and direction inputs from 
an external pulse source into the 
corresponding current phase se
quence necessary to drive the step-

UniSlide"assemblies with dual slid- ping motor. The integrated, easy-to-
install package features a high-per

ers from Velmex Inc., East Bloom- formance bipolar chopper transla
field, NY, can serve in applications tor rated at 3 A continuous and 
where two objects must share an optically isolated inputs, accepts 
axis of motion. In addition, when a power supply input voltages from 
left and right hand thread lead screw 12-48 Vdc, and is userconfigurable 
is specified, the reciprocating action in full or half-step sizes. 
moves the objects together or apart. For More Information Write In No. 711 
Such motion is used in centering or I---------------l 
mating operations for manufactur
i ng or testi ng. 
For More Information Write In No. 703 

Numera Software Corp., Seattle, 
WA, has unveiled Visual CADDTM, 
a professional-quality 20 drafting 
and design program created to take 
full advantage of the Windows™ 
environment. Developed by the cre
ators of Generic CADD", the pack
age eliminates extra steps in the 
input and editing process with short
cut commands and features a large 
drawing area, customized ribologs, 
context sensitive pop-up menus, and 
associative dimenSioning. 
For More Information Write In No. 708 

InData Systems, Skaneateles, NY, 
has announced the industry'ssmall
est palmtop full-screen computer 
terminal. The RF-100 wireless ter
minal weighs two pounds, has a 
removable rechargeable battery, and 
can be worn on the belts of mobile 
operators who can use existing main
frame computer appl ications to send 

'-~~----~----~ andreceivefullscreenswithoutsoft-

ThermaCallnc., Solon, OH, has in
troduced the first instrument to both 
source and measure temperature. 
The Model 32's source unit heats or 
cools the temperature sensor while 
the sensor output is read by a mea
sure unit. Features include a cool 
source with a range down to -30 °C; 
a heat source ranging up to 650 oc, 
measure units for thermocouples, 
RTDs, and thermistors, and a mea
sure for 4-20 mA and 20 Vdc from 
temperature transmitters. 
For More Information Write In No. 702 
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ware changes. These PC terminal! 
radio-modem systems are designed 
to communicate in real time from 
up to two miles or cover up to a 
millionsquarefeetofbuildingspace. 
For More Information Write In No. 700 

General Imaging Corp., Billerica, 
MA, has introduced ProtoPIPEfM, a 
suite of drag and drop signal/image 
processing application develop
ment tools, which enables rapid 
prototyping of complex imaging 
appl ications. Usi ng stand-a lone sys
tems, networked systems, or a cli
ent/server architecture and an ob
ject-oriented interface, users can 
graphically deSign, develop, test, 
simulate, and execute data imaging 
applications in a fraction of the time 
required by conventional program
ming techniques. 
For More Information Write In No. 707 

OLIO STATE IS OUR BUSINESS 

Our Solid State Relays 
Are Solid In Every Way 

UL 

25 years of solid state relay experience-commerciallindustrial expe
rience since 1968. All of our products contain that know-how. Our 
price/performance ratios are better than ever. Here is an example: 

The C-15 ac solid state relays are truly valued engineered, 
employing back-to-back SCRs with a zero crossing turn on 
circuit. They also provide transient free switching of AC 
loads and very low EMI and noise generation. This series 
of solid state relays has versions rated at 10 and 25 amps rms 
at 250 V rms. These units are packaged in the familiar 
industry standard configuration. 

~TELEDYNE 
ELECTRONIC TECHNOLOGIES 

SOLI 0 STAT ERE LA Y S 
Home Office, 12964 Panama Street, Los Angeles, CA 90066-6534 

Telephone: 310-577-3825 • FAX: 310-574-2015 
OVERSEAS: GERMANY: (0611) 7636-143; ENGLAND: (081) 571-9596; 

BELGIUM: (02) 717-52-52; JAPAN: (03) 3797-6956. 
For More Information Write In No. 458 

If you're looking for a Loran receiver that performs 
like a champ, check out just a few of the features that 
make our NEW Model 2104 Loran Receiver the top 
contender: 

• Only frequency receiver to 
track multiple Loran 
stations 

• Minimizes impact of 
individual transmitter 
failures 

• Low cost 
• Field upgradeable to 

include GPS 
• Quick acquisition of 
• Loran stations 
• Unknown Position Locator 

determines best GRI 

• Provides optimal control of 
internal disciplined crystal 
oscillator 

• US NO and NIST traceable 
calibration source 

• New technique for quick 
external frequency 
measurements 

• Selectable report 
generation 

• Supports up to 2,000' 
antenna cable 

The Model 2104 comes standard with disciplined crystal 
oscillator, 110 interface (RS-232 or IEEE-488), input module 
(1 , 5 or 10MHz), output module (0.1, 1, 5, or 10 MHz), 
passive whip antenna and cable. A variety of output and 
interface options are also available. 

For more information 
call or Fax today. 

~Datum Inc 
AUSTRON DIVISION 
P.O. BOX 147661 AUSTIN, TEXAS 7B761·4766 
Phone (512) 251·23131 FAX (512) 251·9685 

For More Information Write In No. 435 119 



EFFECTIVE POSITION MEASUREMENTS 
CALL FOR MORE THAN JUST MEASURING 
Many companies sell lasers. Only Kaman specializes in 
solutions. We offer what you need: displays, serial communi
cations, data logging, closed loop control, math functions, etc. 
The LTS-946 laser sensor can be a stand-alone system or 
integrated with our EuroRack instrumentation display and 
function modules. We' ll work with you, recommend a system, 
and even supply CAD drawings. Please call us for assistance. 

800-552-6267 
Kaman Instrumentation, 1500 Garden of the Gods Road, 
Colorado Springs, CO 80907 719-599-1132, Fax 719-599-1823 

Extreme 

• New stronger more 
chemically resistant 
polysulfone HFC 

• Boiling, 280" F 
• Free~,-40°F 
• Pressure to 

125 psi 

problem for 
Prf~R.CI111re rated 

J)Oltablle water systems. 
pipe thread and panel mount 

fit 3/8: 1/2" and 3/4"ID tubing. 
HFC-J5 brochure and our Ctltalog. 

COLDER PDucnco. 
1001 Westgate DrIve· St. Paul, MN 55114· Phone 612-64S-0091 

Fax 612-645-5404 • Cen Toll Free 1-800-444-2474 

120 For More Information Write In No. 413 

New Literature 

Galil Motion Control Inc., Sunny
vale, CA, has published a textbook 
by Dr. Jacob Tal entitled Step-by
Step Design of Motion Control Sys
tems. The tutorial 's first part ad
dresses the selection and operation 
of system elements; the second cov
ers motion programming. Design 
examples include linear and circu
lar interpolation, electronic gear
ing, tension control , and dual loop 
systems for backlash compensation . 
For More Information Write In No. 720 

A new monthly newsletter entitled 
MicroMarkets and Technologies, 
published byVitallnformation Pub
lications, Mill Valley, CA, addresses 
issues and trends in micromachin
ing- the use of semiconductor 
manufacturing techniques to create 
ti ny electromechan ical components 
such as sensors, actuators, valves, 
pumps, and motors. Predicting a 
world market over $2.5 billion by 
the year 2000, the newsletter de
scribes the technology's potential 

f-----;;;;;;;;;;;;;;;;;;;~-~1 for automotive and consumer elec
I tronics, medical and processequip

! 
A guide to process system compo
nents from Watlow Electric Manu
facturing Co., SI. Louis, MO, re
views tubular heating elements; heat 
exchangers; and immersion, enclo
sure, radiant, process air, and drum 
heaters. Also described are process 
alarms and limits, control panels, 
process controllers (SCRs, SSRs, and 
MDRs), infrared and contact tem
perature sensors, wire and cable, 
and laboratory services such as cal i
bration and testing. 
For More Information Write In No. 716 

Physical Electronics, Eden Prairie, 

ment, and mechanical engineering. 
For More Information Write In No. 717 

More than 30 digital signal process
ing (DSP) boards are described in a 
catalog from Ariel Corp., Highland 
Park, NJ. Based on DSP chips from 
AT&T, Motorola, and Texas Instru
ments, the boards are available for a 
range of platforms, including 
VMEbus, ISA Bus, and SBus. New 
additions toAriel 's TMS320C40 line 
include the VMEbus-based quad
C40 Hydra-II and CommlO Indus
try-Pack I/O subsystem. 
For More Information Write In No. 715 

MN, has published a UHV Quick 1----------------1 
Reference Guidefeaturing its lineof 
ion pumps and controls. The 48-
page gUide offers solutions to hy
drogen pumping, inert gas pump
ing, and high gas loads. New prod
ucts include four new "Tall" ion 
pumps and eight Non-Evaporable 
Getter (NEG) options fo r ion pumps. 
For More Information Write In No. 714 

UHvaUICK 
REFERENCE GUIDE 

• UHraHlgh 
Vacuum 

Q) PHYSICAL ELECTRONICS 

Computer Review, Gloucester, MA, 
has released an updated directory to 
the "electronic information super
highway." The guide profiles 500 
computer, telecommunications, and 
electronic information companies 
worldwide, including reports on their 
competitive position and recent joint 
ventures. Also included are reviews 
of thousands of computer and com
munications products. 
For More Information Write In No. 718 

Thirteen user case histories oflinear 
motion problems are detailed in 
an eight-page publication from 
Thomson Industries Inc., Port Wash
ington, NY. Operations discussed 
include robotic insertion of elec
tronic components, automatic trans
port of silicon wafers into a diffusion 
processing furnace, a fOCUSing 
mechanism for an X-ray inspection 
system, and a parts-handling robot 
with a 60" reach. 
For More Information Write In No. 719 
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• ISHM - The Microelectronics Society -g lIM ., 
. . Invites You To Attend . . 

The Microelectronics Industry's Premiere Technical Program 
and Exhibition 

ISHM '94 Boston 
A Revolution in Microelectronics r' ~ .... :."' ....... < .... ,.\ 

November 15-17, 1994· HynesiConven,tion Center· Boston, MA / )~ . 

. ~ \ 
;:-/ . 

t.:-.:.,..:.~~ Multichip Modules Ball Grid Arrays 
\ •• ";'Vo.: .. 

t~ 

............ 
. .;~ ..... ..., 

Advanced Packaging Known Good Die 

:~ ..... ," ..,. ... " 
'~i'. ...... ,. " 

:: 

" 
Surface Mount Technology ~ 

\.~ .. ,: '. :, 
.. ~.L.:······ 

Thick &: Thin Film Circuits 

Adyari(;~ Materials ....... ::., 

rechnical Symposium Profe~ional Development Courses Industry Exhibition 
Plus 1\vo Concurrent Symposia Sponsored by the i~ 

AmeIican Ceramics Society ~ 

The Only Show For Microelectronics Professionals! 

fell Me More! Fill out this form for more information about: 
o Attending ISHM '94; 0 Exhibiting at ISHM '94; 0 MCM Conference. April '95. Denver. CO; 

o ISHM Membership; 0 ISHM Publications; 0 ISHM '95 - Los Angeles. CA 

~ame: ______________________________________________________________ __ 

Ntle: ______________________________________________________________ ___ 

:ompany: ____________________________________________________________ __ 

\dme~: ____________________________________________________________ __ 

:::::ity: ____________________________ State: __________ Zip: _____ __ 

?hone: _____________________________ Fax: ______________________________ _ 

Return to: ISHM. 1850 Centennial Park Drive. Suite 105. Reston. VA. Ph: 703-758-1060; s00-535-ISHM; Fu:: 703-758-1066 



MARKETPLACE To Advertise - Call (212) 490-3999 

'TisSim 
l' For nonlinear simulation and control 

• FuUy integrated de ign, 
simulation, & display program 

• Imuitile block diagnun 
interface 

• DOE, DLL. and MatLab® 
compatibility 

Companion products are 
available for 

I.inea1za1ion and analysis 

C code generation 
Neuralnetwor1<s 

ReaJ.timesimulation 
Dalaacquisition 

WesttOfd. MA01886 

5081392-0100 TEl 508/692-3102 FAX 

For More Infonnation Write In No. 557 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

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, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items_ Rolyn also supplies custom prod· 
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818}915- 5707, 
FAX (818}915-1379 

For More Infonnation Write In No. 558 

Bud IndustTies, Inc., the notioo's Ieoding electronic enclosure mcnufudur-
81, offlll5 a new, 61fjx1ge rotoIog lecturing a complete line of stonOOid, 
ofI~ enclosures and occessOOes. Wi1h fukob ilIstrotioos, ~ pr~ 
vides design features, technical dolo aoo ordering iIformotion on over 
3,000 product combinotions. Bud enclosures lUnge in ~ze hom knge 
cabinet rocks and work slotions 10 and portoble instrument 
roses, os ~ os a ~ eodosutes. 

122 

BUD INDUSTRIES, INC., 4605 Eos1355th Slreet, 
Willoughby, OH 44094. Phone: 216-946-3200. FAX: 216-951-4015. 

For More Infonnation Write In No. 559 

• The 486-based DAP 32OOe~Data Acquisition Processor
board has its own on-board multitaSking reaJ-lime operating 
system, DAPLJIII, that does the time-critical work in an appH
cation. DAPL, optimized for data acquisition and control. 
recognizes 100+ standard commands. A typical application 
is completely defined with DAPwindows"' in j us1 minutes. 
• DAPwindows, running on the PC underWindows.can issue 
commands to DAPL to acquire data or control processes in 
real time through the Data Acquisition Processor. freeing an 
application from unacceptable delays imposed by Windows. 
Special on-board hardware bypasses DMA 10 drive the bus at 
maximum speed. 

Please contact us to discuss your project, or ror inrormation: 

206-453-2345 
206-453-3199 FAX 

2265 II6th Avenue NE 
Bellevue. WA 98004 

MICROSTAR 

FREE 1995 HP Test" 
Measurement Catalog 
With over 700 page, the 1995 JTP Test 
& Measurement Catalog is loaded with 
tutoria ls, descriptions, specifica tions 
and prices for more than 1,500 HP 

prod ucts a Dd services_ And it's fl- e. 
Call HP at 1-800-452-4844, Ext. 8774·. 

For More Infonnation Write In No. 561 

REVOLUTIONARY 

NEW PATENT TOOL! 

David Pressman 's 

PATENT IT 
YOURSELF 
SOFTWARE 
O ... loped by Nolo Pm, & EOS 

C'ID 
I Everything you need to 

prepare and file a legal 
U.S. patent application without a lawyer. 
• FuJI Stand-alone program. 
• All forms wi ch step-by-step ins[(ucrions. 
• Fully searchable version of David Pressman 's 

bestselling book, Patent It Yourself. 
• Context-sensitive, online legal 

and program help. 
SITE LICENSES AVAILABLE. 

To order or for more information: 

800-846-9455 
FAX 800-645-0895 
NOLO PRESS, 950 PARKER ST., 
BERKEL.EY, CA 94710 

NOLO 

Ii 
PRESS 

For More Infonnation Write In No. 562 

Best Value in the World 
Jor 

POL YlMIDE & FR4 
1 to 5 DAY TURN 

I to 12 Loyen 

PRINTED CIRCUIT PROTOTYPES 
-- . - ., 

LAYERS I 2 3&4 5&6 7&8 
IS S233 $2S2 S639 sm $935 

SOUAAE 30 2&0 330 n._ 891 1058 INCH ,.. 60 311 389 853 1049 1137 
!Q 90 358 ... 980 1207 1434 

120 38S 486 1()4.I 1311 1559 

• 5 PIECES. 1.34 • 5 DAY PRICES ABOVE 
• 10 PIECES. 1.67 • UL USTED 

• Photo PSonII'll • Buried &: Blind Viu . Tcstift& : ~==byer --a 5% _ Gold c:..o.ru -S>O _ c ..... "-

• 25" • Bdow 8 Mil Ho&e : r:,. ~~.lD boIWdJ 

• IkIow IS M.IHok: • Up to 22layen-

_ coo 

10% 
• SMOBC " LPl - $SO • Irnpedant'e ~ boanh .. .. .. , 

Ken Bahl . 1108 W. Evelyn Ave .• SUMyvak. CA 94086 
_ .. ,408)735-7 137 FAX (408)735-1408 Modem (408) 735-9842 

For More Infonnation Write In No. 563 

C-Programmable Controllers 
Use our controller as the brains of your next 
control, test or data acquisition project. From 
$149 qty one. Features I/O to 400 lines, AOC, OAC, 
RS232fRS485, printer port, battery-backed clock 
and RAM, keypads, LCOS, enclosures and more l 
Our simple, yet powerful, Dynamic CTII makes 
programming a snap! 
24-Hr Aul0FAl(; 
916.753.0618. 
Call from YD.r FAX. 
Request calalog 18. 

1724 Picasso 
Davis. CA 95616 

916.757.3737 ~illlliii"" 916.753.5141 FAX • 

For More Infonnatlon Write In No. 564 

Official NASA CAPS 

Black cap with 
gold leaves and ' 
official NASA 
insignia_ Only 
$9.95 eachl 

-----------Please send (insert quantity) 
NASA caps. 
Add $5.00 for handling and shipping 
charges_ NY residents add sales tax. 
TOTAL Enclosed: $ 

Name ________________________ _ 

Address _____________________ _ 

City ___________ _ 

State ____ _ Zip ______ _ 

Mail payment to: N ... Tech Brlefa, Dept. F 

41 Ea.t 42nd Street, Suite 921 
New York, NY 10017 
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MARKETPLACE To Advertise - Call (212) 490-3999 

Use PEMFLEX8 seIf-dinching. self-locking fasteners. 
They feature two rugged. seml-circular ftexing jaws to 
ensure against relaxation or loosening 01 !he mating 
screw In severe service. This unique design also 
minimizes !he possibility of thread cutting. For your tree 
self-clinching fastener guide and PEMFLEX8 bulletin. 
circte the number below. For a compaete PEM catalog 
conlacl Penn engineering & Manufacturing Corp. Box 
1000. Danboro. PA 18916. FAX: 215-766-0143 or CAll: 
1-800-237-4736. 

Clinch it with PEII· 
FASTEHRS I PRESSES 'V 

For More Infonnation Write In No. 566 

For More Infonnation Write In No. 567 

RUGGED, HIGH PERFORMANCE AND 
LIGHT WEIGHT SYSTEM WITH 

FLAT PANEL VGA DISPLAY 
Sf -3000H STANDARD FEATURES INCLUDE: 
' 12 SLOT PASSIVE BACK PLANE. 300W POWER SUPPLY 
• 80486DX CPU CARD AT 50/66 MHZ. UP TO 32MB RAM 
' 640X480 RESOLUTION. 16 GRAY LEVELS. 10' AMBER 

ELECTROLUMINESCENT DISPLAY 
• 1.2 MB AND 1.44MB FLOPPY DRIVES. DUST PROTECTED 
• FIXED OR REMOVABLE HARD DISK FROM 80MB TO 1.2GB 

FULLY SHOCK AND VIBRATION PROTECTED 
• 2 SERIAL AND 1 PARALLEL PORTS. MS DOS 6.0 

ALSO AVAILABLE WITH PASSIVE OR ACTIVE COLOR LCD VGA 
DISPLAY AND 8D386DX/SX CPU CARDS IN VARIOUS AND CUS

TOM CONFIGURATIONS. FOR FURTHER DETAILS CONTACT' 

IBI SYSTEMS INC .. 6842 NW 20 AVE 
FT. LAUDERDALE. FL 33309 

305-978-9225 FAX: 305-978-9226 

For More Infonnation Write In No. 569 

I 

~ Ofl"e.-., \.lbfarY -fp'- "ep • Featuring 

e.01l'pO over 50,000 
Off.T-'Shelf Inch & 

Metric, Commercial & Precision 

Fax: 

Small Drive Components 

2101 Jericho Turnpike. Box 5416 
New Hyde Pork . NY 11042-5416 

For More Infonnation Write In No. 5 70 
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• Connects to your PC printer port 
• Get up and running in 10 minutes! 
• Only $460 for complete dual axis system 
• Includes motors, driver, software, cables 
• Includes Basic & C language libraries 
• Extensive technical documentation 

Larger systems available, size 23 & 34 
• Integrate with data acquisition products 
• 30 Day money back guarantee 

POSITIONING TABLES 

• 18" XY table only $799 
• Use with any size 23 motor 
• X, XY & XYZ configurations available 
• XYZ robotic workcells under $2500 

l~~J:!"SKJ 
Free Information - Call Now 

Ph: (817) 571-4528 Fax: (817) 571-2317 
P.O. Box 1574 Hurst, TX 76053 USA 

For More Information Write In No. 438 

REAL·TlME AVTS FOR MISSILE SEEKERS & 
FIRE CONTROL PROPRIETARY ALGORITHMS 
TRACK TARGETS IN CLUTTER. OUTPERFORM 
EOGE, CENTROID, CORRELATION TRACKING 
TECHNIQUES. ULTRA MINIATURE AND VME 
VERSIONS AVAILABLE. 

ISCAN ' 
125 CAMBRIDGEPARK DRIVE 

CAMBRIDGE. MA 02140 
TEL: 617-868-5353 
FAX: 617-868-9231 

For More Information Write In No. 439 

THE TECHNOLOGY CONNECTION 
To Advertise Call (800) 944·NASA 

::::s:c:!:"!d;::'~:s::A~~~",&:a:re=:::1 ... 1 __ T._e_ehno_71_ra_':r...:rfi:...~_:_fi_o_r_ ..... 
Engineering, Scientific 
.. Technical Software 

Free Catalog! 
CaI/1.BOO.622.3345 

Software for Science is your 
source for the best value in 
engineering, scientific and 

technical software. 
More than 1,000 products. 

1.312.472.0444 
1.312.472.0472 

2231 N. Clyboum Ave. 
Chicago, IL 60614-.3011 

HOIST 
RINGS 

• Load capacities 
from 650 to 
30,000 Ibs. 

• Over forty-eight 
sizes 

1-800-537-4367, 
Ext. 242 
Fax: 216-481-6193 

0-101 Rated Manufacturer 

Business Opportunities 

MANUFACTURER WANTED 
A qualified manufacturer is badly needed to bring my de
sign-an innovative bicycle safety device-to market. We 
have two test purchase or ders for more than $125,000 
from one of America's largest retailers. If successful, we 
anticipate million s of dollars to follow. I am in patent 
pending and will contribu te thousands of my own dollar s 
for product development 
if you're the one that can "f;;; ," 
do the job. The Biker's :.....-
Delight Signal Light and '..J i\ 
Horn could be for you. rf;\ 
Contact: John J. 100, Sr.. I t\~\ ' 
56 Richmondville Ave.. \\ (\ 
Westpo .... CT 06880. , 
Tel: 203-227-7815. 

TechlW~ T~er I I Call For Nomiluaiona 
PubliCationa .. 

PUBLISHING IDEAS 
Associated Business Publications is 
seeking contributors for a proposed 
series of newsletters and magazines 
focusing on a wide variety of tech
nologies. ExceUent profit sharing 
opportunity for experienced profes
sionals with detailed knowledge in 
speciJic technical fields. Any tecbni
callield will be considered. We 
welcome your comments and 
suggestions. 

Contact: William Schnirring, President, 
Associated Business Publications, 
41 E 42~ St, Suite 921, New York, NY 10017 
Tel: 212-490-3999; Fax: 212-986-7864. 

SBIR Technology Of 
The Year Awards 

The first annual Small Business In
novation Research (SBIR) Technolo
gy of the Year Awards will be pre
sented this November in Washing
ton, DC in conjunction with the 
Technology 2004 national technol
ogy transfer conference & exposi
tion. Phase 11 and 111 SBIR com
panies that have developed novel, 
commercially-important technolo
gies and products through SBIR 
funding are invited to submit nom
inations and exhibit at Technology 
2004 .. For a complete nomination 
package, wr;,e in no . 424 or call 
Wayne Pierce at (212) 490-3999. 

NASA Tech Briefs. ISSN 0145-319X. USPS 750-070, copyright© 1994 in U.S .. is published monthly by Associated 
Business Publications Co .. Ltd .. 41 E. 42nd St.. New York. NY 10017-5391 . The copywrited information does not include 
the (U.S. rights to)individual tech briefs which are supplied by NASA. Editorial. sales, production and circulation offices at 
41 East 42nd Street. New York, NY 10017-5391. Subscription for non-qualified subscribers in the U.S., Panama Canal 
Zone, and Puerto Rico, $75.00 for 1 year $125.00 for 2 years; $200.00 for 3 years. Single copies $10.00. Foreign subscrip
tions one-year U.S. Funds $150,00. Remit by check, draft, postal, express orders or VISA, MasterCard, or American 
Express. Other remittances at sender's risk. Address ail communications for subscriptions or circulation to NASA Tech 
Briefs, 41 East 42nd Street. New York, NY 10017-5391. Second Class postage paid at New York, NY and additional mail
ing offices. 

POSTMASTER: PLEASE SEND CHANGES TO NASA TECH BRIEFS, 41 E. 42NO STREET. SUITE 921 , NEW YORK, NY 10017-5391. 

NASA Tech Briefs, October 1994 



Maxwell's simulation matches 
the measured force vs. stroke 
CUNe within a few percent. 
This outstanding accuracy 
allows new models and 
concepts to be designed 
and tested quickly and cost 
effectively using simulation, not 
expensive, time consuming cut - and - try 
prototyping. 

With Maxwell, you can choose the best 
product for your needs and budget. 
Ansoft has 20 and 3D PC and work
station-based software for electric and 
magnetic analysis. 
Capabilities include 

3D-AC magnetics 
(eddy current) 
analysis for Microsoft ~:-==-+~=;'7t-~~,==-+---;~~ 
Windows-based PCs. 

And with the new 
Parametrics option 
for 20 models, simulating multiple design 
variables has never been easier or faster. No 
batch programming, command language, or 
finite-element meshing is needed to create 
winning deSigns! 

Get on the winner's course to success with 
Maxwell. Call Ansoft today 412-261-3200 to 
receive your evaluation package. 



When you need 
real-time code, 
a picture is worth 
a thousand lines. 

W the SIMULI K 

Real-Time Workshop, you can 

automatically generate many 

thousands of lines of C code 

from your block diagrams with 

the push of a button. 

Real-Time Workshop's open 

architecture provides a 

development environment that 

enables you to rapidly 

implement and test your 

designs on your real-time 

hardware. 

When combined with supporl files and dMce 
drivers, the generaud codt can I1In on a widt 
range of target hardware. 

The Real-lime Workshop lets ~u create designs 
with SIMUUNK blocks and Il1O>'< directly Ii! 
hardware-in-the·loop testing - within minutes. 

From bkH;k diagram to C ,ode 

You start by creating a 

continuous, discrete-time or 

hybrid model of your system in 

SIMULINK. Then you generate 

highly optimized, target 

independent C code that runs on 

virtually any floating point 

hardware. 

Tunrkry support 

Device drivers provide 

out-of-the-box operation on 

supported hardware as well as all 

the information you need to run 

on hardware you select. 

Documented examples and 

device driver source code are 

included for: 

• dSPACE DSP boards 

• VxWorks real-time operating 

system with VME hardware 

• PCs using commercially 

available VO boards 

Additional dSPACE software 

products provide complete rapid 

prototyping, including data 

monitoring and acquisition. With 

VxWorks, StethoScope provides 

data monitoring and acquisition. 

Target your bardware 

Real-Time Workshop goes 

beyond generating C code. Its 

real-time framework API provides 

an extensible build environment 

based on customizable makefties. 

This enables you to use custom 

device drivers and to specify 

compiler and linker options. 

141.02 For More Information Write In No. 514 

SIMULINK 
Real-Time Worbhop 

The Ulti1ll4u T«lmical 

Computing Environment™ 

MATLAB and SIMULI K 

seamlessly integrate computation, 

visualization, modeling and 

simulation on PCs, Macintosh, 

and UNIX workstations. 

Powerful, 'lIersatile toolboxes 

MATLAB Toolboxes provide 

specialized solutions for specific 

applications including: 

• Nonlinear Control Design 

• Control System Design 

• Robust Control 

• Ji-Analysis and Synthesis 

• Optimization 

• Signal Processing 

• Neural Network 

• Model Predictive Control 

• Frequency Domain 

System Identification 

• Higher.Order Spectral 
Analysis 

• SIMUUNKAccelerator 

Call today: 
508-653-1415 

Visit us at Technology 2004 
November 8-10, Booth #522 

Washington , D.C. 

The 
MATH 
WOR~ 
~ 

24 Prime Park Way, Nalick, MA 01760·1500 
Tel: 508/653-1415 Fax: 508/653-6284 

Email: infO@mafhworks.com 
Mosaic - httpl/www.mothworks.cam 

The MathWolks is represented in the following (ounln,s: 
AIISlroli, : +61 ·1-911-6311 o 8razil: ,11·11-816-3144 
fr'IK': +33-1-41-34·13-91 0 Gllmany: +49·141 -16041 
Indi': .91 ·80·1-160·160 0 I"oel: ,972-3·561 -S1 11 
11,ly: +39·11 ·14-81·331 0 J,pon: ,81 ·3·1918-S410 
portugal: +34-3-·411-49'{)4 o xanrlinovia: +46+15-30-11 
Spin: +34·30041S-49-04 • Sourilloroo: +81·1·\11-1111 
Swilzorlanrl' +41'31-998-44-11 · 1_: +886-1-IOHI181 
f" 8elvoum. w.omiroo'i. TIre N.IiIeoIorrd,. Umled lingdaoa 
onJ R~ rJ iebrrI uri Criridgt c.rm.I. lld: +44-11300413-
100 ..-1"" DrrIo.ltd: +4HOJ.ll11·166 

MATLA8 and SIMULINK art rtgistertd tradt'maru of 
The M>thWO<b,I",. RuJ·T ... W",UIoop;'. tDdenwt. 
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