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True 
Productivity. 

Sure, graphical programming offers ease of use, but 
the true measure of your success is productivity. 
For seven years, LabVIEW® has championed 

graphical programming for instrumentation. And 
for the thousands of real-world applications like 

tures keep diagrams manageable. You can modularize, 
test, and reuse each of your software components. And 

with the LabVIEW debugging tools, you'll drastically 
reduce your development time. 

yours, LabVIEW has delivered flexibility, power, and 
performance to ensure productivity. 

Performance. With the compiled performance of 
I ~Ul"m." LabVIEW, you won't waste time optimizing your 
LilUt'I.IH' program. You'll increase productivity while 

lowering system cost and raising system throughput. Flexibility. LabVIEW is a complete language, so you won't 
spend time working around limitations. You can easily 
add custom controls to front panels. You can build dia­
grams with icons for GPIB, VXI, and RS-232 instruments, 
and plug-in data acquisition boards. You can analyze 
your data using simple statistics or real-time digital signal 
processing. And you can even link in compiled C code. 

LabVIEW is not just a pretty user interface and a bunch 
of icons. LabVIEW delivers the true productivity of an 
easy-to-use, yet flexible, high-performance graphical 
programming system. 

Call for FREE LabVIEW 
Power. LabVIEW pays big dividen~s .as ~I NAITIDNAL 
your programs become more sophlSti- n 
cated. Our patented programming struc- Al INSTRUMENTS® 

~ The Software is the lustrument ® 

demo software 
(800) 433-3488 
(U.S. and Canada) 

6504 Bridge Point Parkway . Austin , TX 78730·5039 • Tel: (512) 794·0100. 95 (800) 010 0793 (Mexico) • Fax: (512) 794-8411 
Branch Offices: Australja 03 879 9422 · Austrta 0662 435986 . Belgium 02 757 00 20 · Canada 519 622 9310 · Denmark 45 762600 . Finland 90 5272321 • France 1 48653370 . Germany 089 714 SO 93 

ItaJy 02 48301892 · Japan 03 3788 1921 • Netherlands 01720 45761 • Norway 32 848400 . Spain 91 64.00085 • Sweden 08 730 49 70 . Switzerland 056 27 00 20 · U.K. 0635 523545 

o Copyright 1993 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies. 

For More Information Write In No. 550 



FAX BACK (206) 936-7329 ATT: MICROSOFT FORTRAN 
(or If you prefer, mail to Microsoft FORTRAN, I Microsoft Way, Redmond, WA 98052-6399.) 

Before you take the FREE FORTRAN PowerStation Test Drive, there's something you should know. You 
don't need a license, but you do need a PC running Microsoft Windows version 3.1 or later. And you do 
need to hurry, because these kits are going fast. 

NAME JOB TITLE 

PHONE fAX INTERNET ID 

COMPANY NAME 

COMPANY ADDRESS 

CITY STATE ZIP 

© 1991 MICrosoft C"'Porallon. All nghts ",served. MICrosoft and MS·DOS are reg,stored tradomarl«, "\oWl.", do you W<JIlIIO go (CxJuy" and IMndows and W",dows NT are trademarks of MICrosoft CorpordtiOn FQM 



MSC/NASTRAN CAN ANALYZE IT. 

See us at NOES '95 Booth #1624 

MSCINASTRAN: Open and accessible FEA. What makes MSC/NASTRAN the world's 
most accessible FEA program? No matter which geometric modeling system you use, you 
can analyze your design with MSC/ NASTRAN. It interfaces directly with more modeling 
programs, CAD systems, and general and 
special purpose pre- and postprocessors than ....... ----11-. ------. 
any other analysis package. MSC/ NASTRAN 
also contains industry-standard I/O formats, ...... ~--.....:....-----­
and a modem database with utilities for programming your own custom, direct interfaces. 

Open choice of platforms, too. Desktop personal computers, workstations, supercomputers .. . 
MSC/ NASTRAN gives you unprecedented freedom of choice. Input and results are easily 
transferred from one computer system to another. 

If you can model it, MSC/ NASTRAN can analyze it. 
CalI 800-642-7437 ext. 500 for more information and 
a brochure. 

For More Information Write In No. 502 



THE KNOWLEDGE EXPRESSWAY™ 
The Fast Track for Technology Transfer 

and Business Deve l opl71ent 

- Collaborative opportunities FEDERAL & UNIVERSITY 
LABORATORIES - Needs & capabil ities 

- Technolog ies & products 

THE DIRECT ROUTE 
W ith the power of Natural Language 
Processing, there is no compl icated 
language to learn. Direct access to the 
largest collection of tech no logy 
transfer and business development 
information available makes the 
Knowledge Expressway much more 
than a bulletin board of dated and 
unedited material. Current information 
and quality control helps you avoid 
unneccessary detours. 

NEW BYPASS NOW AVAILABLE 
Connect via Internet or modem for 
quick access to the Knowledge 
Expressway. Carpool with thousands 
of technology transfer professiona ls 
using electronic communications. 
Find solutions to your technology 
needs quick l y and efficient l y, 
steering clear of wrong turns that 
reduce productivity. 

- Research in progress 
- Scientific expert ise 
- Technologies 

FREE ROADSIDE ASSISTANCE 
With toll-free customer and techn ical 
support, cruising down the Knowledge 
Expressway is worry free. A Knowledge 
Express Technology Access Consultant 
will help you plan your travel on the 
information superhighway. 

WIDENED ON-RAMPS 
Small high-technology companies (under 500 employees), federal 
laboratories and university technology transfer offices may be 
eligible to participate in our National Technology & Commerce 
Initiative, a Technology Reinvestment Project funded by ARPA. Call 
us to learn more about subsidized rates with no initial fees. 

Fasten Your Seat Belts! 
jump on the Knowledge Expressway and join thousands of federal laboratories, 

universities and technology businesses worldwide who are already in the express lane. 

Knowledge Express Data Systems 
One Westlakes, 1235 Westlakes Drive, Suite 210, Berwyn, PA 19312 

800-529-KEDS or 610-251 -8000 Fax 610-251 -8001 

For More Information Write In No. 698 NTB 3/95 



RES CH & 
TECHNICAL 

COMMUNITIES 
WORLDWIDE 

COLE· PARMER' gives you quality service. 
Our Sales associates, ApplIcatIon 

p cialists, and Customer Satisfaction 
. r resentatives are always ready to give 

~\ ~'l.~.~~~\) lIIt;:;iiJflII prompt assistance. 
0.\\ ,()\\.\\tt \~~ " 'N01\~'fI\~e 

\. 't\1\ (.o",,,,U1\\\\e\ e cOLE·PARMER' catalog gives you. 
~~~~~~~"Jt.~,~et"1\\ f th !:: " 9. e \ e \11 t wide selection 0 more an .,800 

Se1~\1\1! \ e products for Research, Industry, and 

Is ....... ng, write In No. 818 

Send us the "FAX" to get your FREE Cole· Parmer Catalog! 

FAX: (708) 647-9660 
Name:, _______________ _ 

Title:, ________________ _ 

Company: _______________ _ 

Address:, _______________ _ 

City:, _______ State: Zip:, __ _ 

Phone: Fax: ,--------------------
For More Information Write In No, 515 

Education and it's •.. 

The COLE·PARMEI' catalog also gives JOU 
Infonnatlon that JOII can use everyday. 

this 17"fage resource Includes 
technicallnfonnatlon, conversion tables, 

and chemical resistance charts. 

To receive your FREE 1995-1. 
COLE·PAIlII' catalog, fu back the 

couponatleft.CII 
_1Itnbn hotIIne. 

CdeC7 LJPotmete 
Cole Panner8 

Instrument Company 
7425 N. Oak Park Aft. NIles, 160714 
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24 Program for Analysis of Axial-Flow 

Compressors 
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Impacts on a Spacecraft 
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Design Systems 
28 Program for Optimization of Antenna 

Structures 
30 Computing Trimmed, Mean-Camber 

Surfaces at Minimum Drag 
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Hazardous-Materials Robot 
Circuit Stops Prelasing in a Q-Switched 
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Code Phase Modulation 
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(continued on page 8) 

A small machine attached to a table-top belt sander makes it 
possible to grind a glass disk quickly to a specified diameter 
to within ±O.05 mm. The combination of attachment and 
sander is designed for use in place of a production-shop glass 
grinder, which is more versatile but far more expensive, slow­
er, and more accurate than necessary for most applications. 
The attachment includes a supporting frame, a motor-driven 
slide assembly that holds the glass to be ground, and a 
micrometer-driven slide to adjust the drive assembly's posi­
tion. See the tech brief on page 92. 

Photo courtesy Goddard Space Flight Center 
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The Only 35 GB Tape Drive 
With Fast SCSI Compression 

BOT WRPT 10.2 CoMP 
~:e('t)ainin9 1100 K8/S 00.3 /; ECC 

8 ____________ ----~ 

All tape ubsystems are not created 
equal. Only the CY-8505 can give you 
capacity of up to 35 GB and transfer 
rates as fast as 90 MB per minute. 

That' because the CY-8505 is the 
only tape ubsystem that feature 
switch-selectable, Fast SCSI Compres­
sion. 0 you get the highest perfor­
mance possible - and the lowest cost 
per megabyte. 

A MTBF of 160,000 hours en ures 
reliability. The bit error rate of less 
than 1 in 101' is the best in the indu try. 
A backlit di play gives you complete 
status information, including command 
under execution, transfer rate, com­
pression ratio, tape remaining, and 
more. 

-
-

Ollr CY-CHSJOA j ealll ll?S Iwo lapedriL¥!S alld can slore 
tip 10 385 GB on e/et.;elllapes- u~/bo!ll lape balldlillg. 

TI1e CY-8505 is the most advanced 
tape ubsystem on the market, and it 
offers the most innovative options. 

True Compatibility With: 
Alfiant 
AiphaMK:!o 
A.~os 
ApJIIo 
Arix 
AT&T 
8as<c4 
Concurrent 
Convergent 
Data Gener.!1 
DEC SCSI 
DEC B~Bus 
DEC DSSI 
DECHSC 
DECO-Bus 

DEC TU'TABt 
DECUmlxis 
Govldtncore 
HP 
IBM ASl400 
IBM Malnfrarre 
IBM AISCroxl 
IBM AT 
IBM~ 
ICL 
Intergranh 
Macu1tosh 
McDomeU 

00ugI4s 
Motorlia 

NCA 
NeXT 
Novell 
OS~ 
PS/2 
ParailelPOf1 
PC 38& IX 

PCMS-OOS 
PCXen~tJn~ 
Pertec 
PICK 
f'Iexus 
Prime 
~ 
SeqJerrt 

SiICOO Graphics 
STC 
Stratus 
Sun 
Texas 

Instruments 
Urusys 
Ultirrete 
Wang 
WiOOows NT 
-arxil7lO(e 

Fast SCSI Compression can increase the 
native 7 GB capacity by as much a 
five times; Accelerated File Access (for 
Unix systems) allow you to locate a 
file in an average of 85 seconds; Data 
Encryption lets you control access to 
ensitive data through the u e of 

uniquely encoded card keys; and the 
Advanced SCSI Processor allows mul­
tiple drives to work together in striping, 
mirroring, ca cade and independent 
modes. You can even copy and verify 
tapes off-line. 

Compatible with virtually every 
computer system and network, the 
CY-8505 is available in a single or 
dual de ktop unit, in a rack mount 
configuration, or as part of a tape 
library sy tern that can tore as much 
as 3 TB. 

Backed by a two year warranty 
and our responsive in-hou e technical 
upport group, the CY-8505 is fast 

setting the pace in data torage. 

For more information, call today at 

(804) 833-9000. 

Tera One • Yorktown, Virginia 23693 • Fax (804) 833-9300 

For More Information Write In No. 506 
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On the cover: 
The Computational Sciences and Applied Aerodynamics Divisions 
at Ames Research Center developed a microphone array sensing 
system that measures noise produced by aircraft and engine 
models during wind tunnel testing. Based on the Flow Analysis 
Software Toolkit developed at Ames' NumerIcal Aerodynamic 
Simulation, the acoustic data display software overlays colors on 
the aircraft model to display sound pressure level. White repre­
sents the loudest noise source. For more on resources available 
at Ames, tum to page 16. 

photo courtesy of Ames Research Center 
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So, You Have Pro/ENGINEER®. 
It's a fine product ... 

a-Node "Brick" Model by Houdini 
Houdini meshed this CAD solid model directly from Pro/ENGINEER- with 8-node "brick" finite elements. 

Note local mesh refinement. 

... Now, add Houdini™ to use 8-node "bricks" 
instead of Pro /MESH™ tetrahedra. 

Here's how: 
• Houdini imports solid models directly from Pro/ENGINEER~ with or without 

Pro/MESHThI. Houdini automatically meshes your model with accurate 8-node 
"brick" finite elements. 

• Houdini creates brick elements from Pro/ENGINEER~ for a wide variety of 
finite element analysis systems such as Abaqus, Algor, Ansys, Cosmos, 
Nastran, NISA, Patran, Procast and many more. 

The mesh is gener­
ated using low-accu­
racy tetrahedral ele­
ments. This type of 
generation may put 
poorly-shaped, low­
accuracy elements 

L-____ -' at the surface. 

Generation of Hexahedral elements 
from the surface in (HoudinilHexagen) 

The mesh is created 
with high-accuracy 
8-node "brick" ele­
ments. Houdini and 
Hexagen put the 
best-shaped ele­
ments at the surface. 

When the Engineering 
Has to be Right TM 

For UNIX Workstations 
and Pentiums 

Algor, Inc. 

150 Beta Drive, Pittsburgh, PA 15238-2932 USA 

Phone: +1 (412) 967-2700 
Fax: +1 (412) 967-2781 
California: (714) 564-0844 

Europe (UK): +44 (784) 442 246 

Tokyo: +81 03-3589-6148 

For free information on how Houdini can increase accuracy and a copy 
of Algor's technical white paper on a-node "bricks" versus tetrahedra, call or fax today. 

'ProlENGINEER and ProlMESH are Trademarks of Parametric Technology Corp. N Houdini and Hexagen are Trademarks of Algor. Inc. All other brand or product names are trademarks of their respective holders. 

For More Information Write In No. 503 



Vespel® parts can 
handle some of 

the to est jobs. 
epayingfor 

themselves. 

Everyone knows that Vespel~ poly imide 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 (-3500 P to 5500 P), 
Vespel should be your first choice. Vespel should 



Insulators. III plasma-arc 
cutting torches, Vespel 
insulators provide 

superior strength and durability 
at high temperatures up to 
550'F, lasting up to six 
times longer than 
fragile ceramic 
insulators. 

Bearings. 
III phatocopiers, 
Vespel composite 

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

Bushings. 
In aircraft 
engine 

vanes, Vespel 
bushings withstand 
highjrequency 
vibration dithering 
and offer excellent 
stability and 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 Vespel can save you 
money. Often, you can consolidate two 
or more existing parts in one Vespel piece. 

~ 
Seal Rings. In tite assembly 
of automobile transmissions, Vespel 
seal rillgs reduce costs by replacing 

expensive metal rings, which canfraclLlre or 
defonn during assembly. They also reduce 
warranty costs by producing a better seal. 

Thrust 
Washers. 
Infann 

tractor transmissions, 
Vespel thrust washers 

reduce costs and 
manufacturing 
time by eliminating 
the needfor 
secondary 

machining. 
Vespel washers 

also exhibit high 
perfonnance and 
low wear with limited 
or no lubrication. 

~ 
Wear Strips. 
In textile equipment, 
Vespel tenter frame 

clip wear strips reduce costs by 
eliminating the needfor lubrication TIley 
also improve textile manufacturing quality 
by eliminating oil contamination, and 
provide good wear and temperalllre resistance. 

IF YOU WANT TO 
GET TECHNICAL 

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

Or write: DuPont Vespele 
Product Information 

Center. P.O. Box 1138. 
Bloomfield Hills, MI 

48303-1138. 

Vesper 
Only by DuPont 

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

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

See us at the National Design Engineering Show 
Chicago - Booth #2434 

~nr Un..,. InfnrlftAti"n Writ" In Nft I;na 
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CREATE A 
WALL-SIZED 
COMPUTER 

DISPLAY 

COMPUTERWALL 
MAGNIFIES AND SPLITS 

H I GH RESOL UT ION 

COMPUTER I MA G E S A C ROSS 

MU L TIPLE MO NIT ORS 

OR PROJEC T ORS 

Control room , s imulat ion , 
and multimedia appl ications 

Automatically synchronizes to 
input signals up to 80 kHz 

Compatible with all software 

Inputs any workstation imagery 
up to 1280 x 1024 p ixels 

Displays dig ital or analog v ideo 

Real -time operation 

Full 24-bit color 

Functions perfectly under high 
ambient light 

~. 
~~m 
~ . ., 

SPECTRUM 

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

For More Infonnation Write In No. 401 
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Estimated at 80-100,000 species 
strong, the microalgae are a biochemical­
ly rich and diverse group of organisms 
long overlooked by science and commer­
cial interests largely because of culturing 
difficulties. However, recent successes by 
the first company to harness the tiny flora 
suggest they may hold great potential for 
solving health and nutrition problems. 
Martek Biosciences Corp., Columbia, 
MD, has employed algae to 
improve infant formula, sim­
plify medical diagnostic tests, 
and provide new pharma­
ceutical drugs. 

The unique technologies 
that make Martek's venture 
into the algal realm possible 
got their start in the early 
1980s with contracts under­
taken by Martin Marietta 
Laboratories in support of 
NASA's Controlled Ecologi­
cal Life Support System 
(CELSS) program. 

president and chief scientific officer. 
Growing the algae in closed bioreac­

tors proved the key to unlocking their 
potential. "Most algae just grow out in the 
wild, in ponds---nobody knew how to 
manipulate and control their culturing," 
said Henry Linsert, Jr., chairman and chief 
executive officer at Martek. As Linsert 
explained, in order to grow, algae require 
inorganic salts, carbon dioxide, and some 

fermenters. For these, Martek employs 
150,OOO-liter fermenters the size of a six­
story building, said Linsert. "The others 
are grown in photobioreactors we have 
here at our plant, in sizes ranging from 40 
liters to 500 liters," he explained. 

Using its large commercial fermen­
ters, Martek discovered an inexpensive 
means to produce two essential long­
chain polyunsaturated fatty acids found 

"The topic of the work 
was growth of algae for the 
purpose of life support. 
Things of interest included 
oxygen production rates, 

Closed-system culturing has mabkd MaruI. Bioscimw Corp. to exploit algae for a wide 
range of heaLth and nutrition problems. The species above produces (/ fatty acid found in 
human milk but not in infant formula. Linked to brain cell developmmt, the fatty acid has 
been incorporated into an infant formula additivt calkd Formulai~. 

in human breast milk but not 
in infant formulas derived 
from cow's milk or soybeans. 
Published studies have linked 
these two fatty acids, docosa­
hexacenoic acid (DHA) and 
arachidonic acid (ARA) , to 
brain and retinal cell develop­
ment in infants. While the 
predominance of DHA and 
ARA in human tissue had 
been known, they had not 
been added to infant formula 
because no economically­
viable sources had been 
available. Purifying the fatty 
acids from fish oil, for exam­
ple, had proven prohibitively 
expensive. 

carbon dioxide uptake rates, and pro­
duction of biomass," said Dr. Robert D. 
MacElroy, technical monitor for the 
CELSS contracts and currently senior 
staff scientist of Ames' Space Tech­
nology Division. 

In 1985, Martin Marietta decided to 
focus on aerospace and defense con­
tracts, spinning off Martek to assume the 
non-aerospace applications and pick up 
the CELSS contracts. However, using 
algae for life support ran into difficulties. 
"A principal component in the CELSS 
concept is that you must produce food. 
Algae produce biomass, but in order to 
make it into something edible, it has to 
go through extensive processing," ex­
plained MacElroy. "It became apparent 
that this processing was too complicated 
to do in space." 

NASA gradually eliminated funding for 
the algal work but not before the con­
tracts had provided Martek the ground­
work to pursue algae cultivation for other 
applications. "We got good experience in 
closed cultures, which is what we do at 
Martek," said Dr. Richard J. Radmer, the 
primary investigator on the Martin 
Marietta contracts and currently Martek's 
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form of energy. A small percentage of 
algae grow heterotrophically, using or­
ganic matter as an energy source. The 
remainder are photosynthetic, requiring 
light to grow. Providing light efficiently 
was Martek's greatest challenge. 

"The denser they grow, the more they 
shade the light," said Linsert. "So you 
have to look at channels and at various 
light sources. You not only have to under­
stand how the organisms grow-and dif­
ferent algae grow differently-but to find 
the right organisms, how they utilize light, 
and then the right pH, temperature, etc. 
There are a hundred and one tradeoffs to 
constructing a good bioreactor. 

"It was that basic understanding of the 
geometry and engineering systems asso­
ciated with bioreactors acquired through 
the NASA contracts that allowed Martek 
to start rigidly controlling the culture 
organism by organism, and then to 
change the conditions to get them to do 
things they might not do in nature." 

Martek, which has grown from six to 
65 employees, has refined methods to 
culture both types of algae. The 2-5 
percent of algal species that are 
heterotrophic can be grown in very large 

Martek now sells a patented 
blend of oils rich in DHA and ARA called 
Formulaid® and has licensed its use to 
manufacturers representing more than 35 
percent of the world's $5 billion infant for­
mula market. Research has shown that 
DHA and ARA blood-lipid levels of babies 
continued on page 108 

Like plants, algae havt mormous potential to provide 
pharmtlCtutical drugs. MaritI. is scruning its library of 
1800 algal sptcies for active compounds that may be effic­
tive agaimt btlCterial or fUngal inftctiom. 
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n PERT Charts, was Structures And 
Comparative S-Curves Get You All Excited, 

This Will Really Spin Your Hard Drive. 
Serious project managers need software that's as serious about the job 

as they are. And that software is CA-SuperProject~ 

Powerful yet flexible, SuperProject is sophisticated enough to reflect 

your work environment and is incredibly easy to use. 

Model your projects realistically with effort-driven tasks, date con­

straints, large capacities, to-the-minute scheduling, flexible progress 

tracking, auto actuals, re-scheduled remaining effort and strong multi­

project management. 

Manage resources and costs efficiently with multiple calendars, 

availability and rate tables, efficiency factors, shifts, overtime, 

~OMPUTER· 
J'fSSOCIATES 
Software superior by design. 

materials management, advanced leveling, rate overrides, fixed and 

overhead costs, cost accounts and cost/schedule reporting_ 

Understand, report and present your projects effectively using four 

unique outlines with integrated Gantt and histogram charts, crosstabs, 

PERT and WBS charts, S-CUrve and other cost charts, full customiza­

tion with unlimited saved layouts and 90 user-defined fields and formu­

las, all in an intuitive WYSIWYG environment. 

Call 1-800-225-5224. DepL 62589, For More Information. 
CA-SuperProject for the serious power user. You'll wonder how you ever 
managed without it. 

New CA-SuperProiecl® 3.0 
UIlIX Windo"s OS/ 2 

C Computer AssocIares International, Inc., One Compu~ AssocIates Plaza, tslandta, NY 11188-7IlOO. 
An product names referenced herein are trademarks of their respective companieS. 

For More Information Write In No. 504 



Resource Report 

AIRes 
Research 
Center 

P ounded in 1939 expressly to assist 
US industry, Ames Research Center 

in Moffett Reid, CA, has a long history of 
interacting with the commercial sector on 
research and development projects. 
Branching out over the years from its orig­
inal aeronautics focus to other commer­
cially viable areas such as computing and 
life sciences, Ames has instituted the nec­
essary support offices to fulfill its mission. 

Ames is one of the largest federal 
research and development laboratories 
in Silicon Valley. Besides the Commercial 
Technology Office (CTO) , 
formed in 1994 from the for­
mer Technology Utilization 
Office, the field center also 
boasts the Ames Technology 
Commercialization Center, an 
"incubator" for developing 
new businesses. 

"We have a strong empha­
sis on partnerships, joint work 
with industry," said Syed 
Shariq, the Ames CTO direc­
tor. "As opposed to looking 
for someone to take the tech­
nology from you after you 
have developed it, we are 
moving more toward proac­
tive collaboration between the 
private sector and NASA." 

media alliance composed of academic, 
government, and industry groups. 

As a partnership between Ames, IC2 
Institute of Austin, TX, and the University 
of Texas, the Ames Technology Com­
mercialization Center helps entrepre­
neurs start new ventures based substan­
tially on NASA technology. The center 
provides access to a network of business 
experts in marketing and sales, high-tech 
management and operations, patent and 
corporate law, and financing, and tech­
nology transfer. It helps companies 

gram seeks to match the research plan 
with a commercial application, identify 
government and industry customers, and 
negotiate intellectual property rights . 
Besides spinoffs from NASA, the JSR 
also looks for "spin-ins" to NASA. 

Currently, Ames is in the process of 
spinning off several Ames-developed 
technologies to industry. These include 
spacesuit technologies to treat multiple 
sclerosis and burning limb syndrome; 
environmentally friendly deicing fluids 
(originally created for aircraft) to make 

winter roads safer; and a resis­
tant biofilm coating to counter 
such contamination problems 
as bathtub mildew and tooth 
plaque. Exemplifying the far­
ranging applications of aero­
space technology, Ames' ther­
mal protection materials are 
being used in human bone 
implants, extravehicular sys­
tem technologies incorporated 
into hazardous material-han­
dling vehicles, and biological 
recycling technologies fash­
ioned for remote areas such 
as Antarctica and Alaska. 

As Joan Salute, CTO mar­
keting inreach officer, des­
cribed Ames' approach, "We 
focus on partners in research. 
Instead of asking a company 
'What are your problems? Let 
us help you solve it,' we work 
on problems that are com­
mon to both of us." 

Researchers in Ames' Aeronautics directorate created this unsteady Navier- tokes 
simulation of a O.658-scale V-22 rotors and wing config ltration in hover. The image 
was generated by releasing particles along a line in the plane of the rotor every 50 
time-steps to mimic the hydrogen bltbble flow visualization technique. 

One major effort at Ames 
that could have a significant 
impact on the private sector is 
the development of automa­
tion tools for air transport 
management, which are 
already in operation at Dallas 
and Denver airports' air traffic 
control centers. 
"Improvements in the air traffic 
management system are con­
sidered by aviation industry 

CTO's outreach has had several suc­
cesses. In 1994, Ames' Joint Sponsored 
Research Program, which the CTO over­
sees, established a partnership between 
NASA and aviation companies to help 
rejuvenate American general aviation. 
The CTO initiated a collaboration with 
General Motors to use Ames' thermal 
protection materials in developing cost­
effective automotive emission systems 
that offer faster start -up after ignition 
while conforming to new environmental 
protection standards. A work-in-progress 
for the CTO is a regional (Bay Area) multi-
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research NASA technology for suitability 
to commercial purposes and obtain 
rights to these technologies. 

Further helping Ames' business out­
reach is the proximity of NASA's Joint 
Sponsored Research Program, or 
American Technology Initiative (Amtech), 
a nonprofit entity located in Menlo Park 
that promotes collaborations with the pri­
vate sector. Although not exclusively an 
Ames resource, the JSR Program regu­
larly interacts with Ames as well as the 
other NASA field centers around the 
country. From a project's outset, the pro-

experts to be their first priority," said 
Ames director Dr. Ken Munechika. 

Each of the four Ames directorates­
Aeronautics, Space Research, Information 
Sciences, and Center Operations-offers 
access and assistance to industry. In 
Aeronautics, Ames' wind-tunnel research 
facilities have long been a significant 
resource for the aircraft industry, such as 
for Boeing's 777, rolled out in April 1994. 
The airplane also incorporated Ames­
developed human engineering concepts 
into the cockpit. Companies can sched­
ule use of the 80x120-foot wind tunnel, 
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the world's largest, for full-scale aircraft, 
rotorcraft, and aeronautical models, or 
the subsonic 40x80-foot tunnel for such 
purposes as attaining an aeroacoustic 
environment for large-scale, high-speed 
aircraft components or testing full-scale 
rotorcraft. Ames also offers several small­
er wind tunnels. 

Information and computer sciences 
have gained prominence, and the center 
dedicates several resources to advanced 
studies in these fields. NASA Adminis­
trator Dan Goldin has named Ames the 
Center for Excellence in Information 
Sciences. The Automation Sciences 
Research Facility (ASRF) focuses on 
intelligent systems, many of which 
already have or promise commercial 
applications. ASRF's AutoClass soft­
ware, which performs automatic data 
analysis by classification, has been used 
in cancer epidemiology and criminology. 
Optical neural networks for robot vision 
processing may one day spin off new 
aids for the blind. Scheduling methods 
developed for telescope observation and 
spacecraft mission planning hold poten­
tial application to industrial processes 
that operate under similar optimization 
criteria. Ames annually reviews proposals 
for use of the Numerical Aerodynamic 
Simulation Systems-which houses two 

Cray C-90 supercomputers, a Thinking 
Machine CM-5, and three Convex super­
computers-by both NASA and outside 
research groups nationwide. 

Ames has spawned a life sciences 
research program, recently establishing 
the Center for the Health Applications of 
Aerospace-Related Technologies. The 

At Ames' Biocomputation Center, 3D reconstruc­
tions are used to determine the geometric organiza­
tion of neurons in the gravity sensors of a rats ear. 
Here, a grid generated from an electron micrograph 
simulates synapse activation on a nerve ending 
through use of a new finite volume method of com­
partmental analysis based on mathematical con­
cepts borrowed from computational flow dynamics. 

Photo cOILrtesy Ames Research Center 

center has set up projects in the battle 
against filariasis in the Nile Delta, schisto­
somiasis in China, and malaria in the 
Amazon. Facilities available for collabora­
tive studies or in some cases direct 
access include a biocomputation center, 
a vestibular research facility, and a neutral 
buoyancy research laboratory that simu­
lates weightlessness. 

The Center Operations Directorate 
offers a fleet of aircraft for airborne 
research. The C-130B laboratory sup­
ports earth science experiments such as 
meteorology and sensor development for 
satellites; the DC-8 laboratory can be 
used for space technology, simulation, 
gas sampling, and local and remote 
sensing; and the ER-2 high altitude labo­
ratory can carry aloft a 2700-lb payload 
to 70,000 ft as a high-altitude simulator 
or an engineering testbed. 

For further information, contact the 
Ames Technology Commercialization 
Office, MS 292A-3, Moffett ReId, CA 
95035-1000; Tel: 415-604-1919; the 
Ames Technology Commercialization 
Center; 155A Moffett Park Drive, Suite 
104, Sunnyvale, CA 84089; Tel: 408-
734-4700; Fax: 408-734-4946; or the 
American Technology Initiative, Suite 
180, Menlo Park, CA 94025; Tel: 415-
325-5353. 
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• Record up to lOOKs/ sec 
on your Macintosh 
Computer. 

• Over 100 mathematical 
and analysis routines 
can be run on acquired 
data, including curve 
fitting, ftlters , Fourier 
Transforms, and pulse 
analysis. 

• Spool to disk 
• 1 to 112 channels 
• Analyze while record 
• Supports waveform 

databases 
• Enter time-appended 

notes at runtime 
• Uses popular 

SuperScope n Virtual 
Instrument Software and 
MacADIOS AID 
Hardware. 
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New Product Ideas 
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 
in 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 Commercial 
Technology Office of the 
sponsoring NASA center 
(see page 20). 

Microfermentation Test for 
Identification of Yeast 

Results can be obtained in days 
instead of weeks using this more eco­
nomical method of identifying yeasts. 
The method can be used in clinical or 
environmental laboratory studies. Fast 
identification can lead to early treatment 
of potentially fatal yeast infections. 
(See page 104.) 

Material Removes Heavy 
Metal Ions From Water 

A high-capacity ion-exchange polymer 
removes toxic metal cations from conta­
minated water even when calcium is pre­
sent. The metals can be easily reclaimed 
by either destructive or nondestructive 
processes. 
(See page 70.) 

High Temperature 
Graphite/Phenolic 
Composite 

This composite material retains relatively 
high strength and modulus of elasticity at 
temperatures as high as 1 ,000 Of (538 "C). 
The material costs only 5 to 20 percent as 
much as refractory materials do. 
(See page 71.) 

Improved Growth of 
Cadmium Telluride 
Crystals From Vapors 

This method grows crystals from 
vapors at temperatures lower than 
those used to grow crystals from melts. 
The crystals from vapors are often purer 
and structurally more nearly perfect. 
(See page 99.) 

Automated Hardware­
Identification System 

Compressed symbology would be 
used in place of bar codes to identify 
inventory in warehouses and on assem­
bly lines. Using computers, one will be 
able to keep track of items and apply 
appropriate manufacturing operations in 
a paperless environment. 
(See page 96.) 

Circuit Stops Prelasing in a 
Q-Switched Laser 

This circuit turns off the laser power 
supply when it detects laser light before 
the end of the Q-switch-trigger pulse. 
Prelasing is undesirable because it can 
damage the optical component of 
the laser and associated equipment. 
(See page 44.) 

Uninterruptible power, Unbeatable 
reliability, Unbelievable price! 

Just don't have the time for power problems on your PC? Don't worry. 
They'll always make the time for you. The question is not if a power 
problem will occur, but when. Whether due to household appliances, 

1------, 
FREE! 

60.page 
handbook 
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local construction, poor wiring, bad weather or even other office 

Back-UPS 

400 

A?C ---

equipment, power problems are the single largest cause of data 
loss. That's why you need instantaneous battery backup 

power from APC Uninterruprible Power Supplies. 

All APe UPSs feature: 

• $25,000 lifetime Equipment Protection Policy If 
your properly connected equipment is ever damaged by 
an AC surge, including lightning, APC will repair or 
replace our product and up to $25,000 of connected 
equipment as long as you own your Back-UPS. 

• Full approvals UL and CSA approvals mean a safe 
and reliable solution 

• Two year warranty Unmatched reliability means 
you can purchase with confidence 

• More awards for reliability than all other 
UPS vendors combined ... 

~~ ~ 
ot;fE 

Starting at $119 
For More Information Write In No. 403 

utions 

What are the causes and 
effects of power problems? 
The most common power 
protection mistakes? Call 
for your free handbook 
today! Please reference 

Dept V3 . 

AMERICAN POWER CONVERSION 

I (800) 800-4APC I 
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NASA Tech Briefs, March 1995 



Put your finger on a 
Programmable Switch Solution. 

Photo: Courtesy of NASA/Johnson 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 COmmll­

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 perfonnance combined 
with a wide viewing angle and positive tactile switch 
response qualifies the VIVISUN 5000 Programmable 
Switch as the ultimate interface solution for any mili­
tary program. 

Contact us today. 

AEROSPACE OPTICS INC. 
3201 Sandy Lane,FortWorth,Texas 76112 

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

The Smart Switch. 
________________ --'F"-'"o"-r~M""o ..... re'__"!!!nf'_"orrnatlon Writ. In No. 508 



NASA 
Commercial 
Technology 
Team 

NASA's R&D efforts produce a robust supply of promising technologies with applications in many industries. A key 
mechanism in identifying commercial applications for this technology is NASA's national network of commercial technol­
ogyorganizations. The network includes ten NASA field centers, six Regional Technology Transfer Centers (RITCs), the 
National Technology Transfer Center (NTTC), business support organizations, and a full tie-in with the Federal Laboratory 
Consortium (FLC). We encourage all businesses with technical needs to contact the appropriate organizations for more 
infonnation. For those who have access to the Internet, general infonnation can be accessed with Mosaic software on 
the NASA Commercial Technology Home Page at URL: http://nctn.oact.hq.nasa.gov. Instructions regarding how to 
acquire the free Mosaic software can be obtained by sending an e-mail request to: innovation@oact.hq.nasa.gov. 

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

Ames Research Goddard Space Johnson Space langley Research Marshall Space 
Center Flight Center Center Center Flight Center 

Selected techno- Selected techno- Selected techno- Selected techno- Selected techno-

logical strengths: logical strengths: logical strengths: logical strengths: logical strengths: 
Fluid Dynamics; Earth and Artificial Aerodynamics; Materials; 

Ufe Sciences; Planetary Intelligence and Flight Systems; Manufacturing; 

Earth and Science Human Computer Materials; Nondestructive 

Atmospheric Missions; LlDAR; Interface; ute Structures; Evaluation; 

Sciences; Infor- Cryogenic Sciences; Human Sensors; Biotechnology; 

mation, Systems; Space Flight Measurements; Space 

Communications, Tracking; Operations; Information Propulsion; 

and Intelligent Telemetry; Avionics; Sciences. Controls and 

Systems; Command. Sensors; Charlie Dynamics; 

Human Factors. George Alcom Communications. Blankenship Structures; 

Syed Shariq (301) 286-5810 Hank Davis (804) 864-6005 Microgravity 

(415) 604-0753 galcom@gsfc- (713) 483-0474 c.p .blankenship Processing. 

syed_shariq@qm mail. nasa. go v hdavis@profs.jsc.- @/arc.nasa.gov Harry Craft 

gate.arc.nasa.gov nasagov (205) 544-5419 

Jet Propulsion lewis Research harry.craft@msfc. 
Kennedy Space Center nasa.gov Dryden Flight laboratory 

Research Center Selected techno- Center Selected techno-

Selected techno- logical strengths: Selected techno- logical strengths: Stennis Space 

logical strengths: Aeropropulsion; Center logical strengths: Near/Deep-
Aerodynamics; Space Mission Emissions and Communications; Selected techno-

Aeronautics Contamination Energy logical strengths: Engineering; 
Flight Testing; Microspacecraft; Monitoring; Technology; High Propulsion 

Aeropropulsion ; Space Sensors; Temperature Systems; 

Flight Systems; Communications; Corrosion Materials Test/Monitoring; 

Thermal Testing; Information Protection; Bio- Research. Remote 

Integrated Systems; Remote Sciences. Walter Kim Sensing; 

Bill Sheehan (216) 433-3742 Nonintrusive Systems Test Sensing; 
and Validation. Robotics. (407) 867-2544 wskim@limsOI./er Instrumentation. 

Lee Duke William Spuck billsheehan@ c.nasa.gov Lon Miller 

(805) 258-3119 (818) 354-2240 ksc.nasa.gov (601) 688-1632 

duf<e@Jouie.dfrf. william_h_spuck@ Imiller@ssc.nasa. 

nasagov jpl.nasagov gov 

NASA-Sponsored Commercial Technology Organizations 
These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaborat ion between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. 

Lee Rivers Dr. William Gasko Gary Sera 
National Technology Center for Technology Mid-Continent 
Transfer Center Commercialization Technology Transfer 
(800) 678-6882 Massachusetts Center 

Robert Stark 
Far-West Technology 
Transfer Center 
University of Southern 
California 
(800) 472-6785 or 
(213) 743-6132 

Technology Park Texas A&M University 
(800) 472-6785 or (800) 472-6785 or 
(508) 870-0042 (409) 845-8762 

J. Ronald Thornton 
Southern Technology 
Applications Center 
University of Florida 
(800) 472-6785 or 
(904) 462-3913 

lani S. Hummel 
Mld-Allantic Technology 
Applications Center 
University of Pittsburgh 
(800) 472-6785 or 
(412) 648-7000 

Chris Coburn 
Great lakes Technology 
Transfer Center 
Battelle Memorial 
Institute 
(800) 472-6785 or 
(216) 734-0094 

Easy Access To The FlC: Call (206) 683-1005 for the name of the Federal Laboratory Consortium Regional 
Coordinator in your area. The Regional Coordinator, working with the FLC Locator, can help you locate a 
specific laboratory to respond to your needs. 

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

Gene Pawlik 
Small BUSiness 
Innovation Research 
Program (SBIR) 
(202) 358-4661 
gpawlik@oact.hq.nasa 
.gov 

Robert Norwood 
Office 01 Space Access 
and Technology (Code X) 
(202) 358-2320 
morwooci@oact.hq. 
nasa.gov 

Philip Hodge 
Office 01 Space Flight 
(Code M) 
(202) 358-1417 
phodge@ostmsl .hq. 
nasa.gov 

Gerald Johnson 
Office of Aeronautics 
(Code R) 
(202) 358-4711 

g.Johnson@aeromail. 
hq.nasa.gov 

Bill Smith 
Office 01 Space Sciences 
(Code S) 
(202) 358-2473 
wsmith@sm.ms.ossa. 
hq.nasa.gov 

Bert Hansen 
Office 01 Microgravily 
Science Applications 
(Code U) 
(202) 358-1958 
bhansen@gm.olmsa. 
hq.nasa.gov 
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lish joint sponsored research agree­
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companies with sign ificant business 
promise. 
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If you are interested in information, applications, and services relatin9 to satell~e and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis Center, (505) 277-3622. 
For software developed with NASA funding, contact NASA's Computer Software Management and Infonnation Center (COSMIC) at (706) 542-3265, fax (706) 542-4807. 
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Special Focus: Computer-Aided 
Design and Engineering 

Computational System for Rapid CFD 
Analysis in Engineering 
A modular, all-electronic system will promote utilization of CFD. 

Marshall Space Flight Center, Alabama 

A computational system that compris­
es modular hardware and software sub­
systems is being developed to acceler­
ate and facilitate the use of techniques 
of computational fluid dynamics (CFO) in 
an engineering environment. Although 
the hardware and software used in CFD 
are well developed, the utilization of CFO 
to its full potential has been impeded by 
the length of time needed to conduct a 
typical CFD analysis. The total analysis 
time is long because of the need to pre­
process design and flow-geometry data 
for processing by the CFD software, and 
to postprocess flow-field data comput­
ed by the CFD software into informative 
displays and summaries. Heretofore, 
preprocessing and postprocessing 
hardware and software have been 
developed separately, without a view 
toward standardization or integration 
with each other or with the CFD hard­
ware and software. 

The present development addresses 
the integration of all aspects of the CFD 
analysis process, including definition of 
hardware surfaces, generation of com­
putational grids, the CFO flow solution, 
and postprocessing. The system incor­
porates interfaces for integration of all 
the hardware and software tools needed 
to perform a complete CFO analysis. The 
system includes tools for efficient defini­
tion of flow geometry, generation of com­
putational grids, computation of flows on 
the grids, and postprocessing of flow 
data. Multiple options exist within each 
functional block, and the modularity of 
the system enables the analyst to select 
the most appropriate optional tool at 
each step of the analysis process. To 
ensure modularity, common data for­
mats are utilized between the major 
steps in the analysis process. Whenever 
possible, the common format is based 
on a national standard to ensure com­
monality with other CFD systems. 

The system accepts geometric input 
from any of three basic sources: com­
puter-aided design (CAD), computer­
aided engineering (CAE), or definition by 
the user. CAD and CAE systems typical-
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Iy have native- and standard-format out­
put options. Geometric descriptions 
defined by the user are typically generat­
ed through relatively simple computer 
codes written by the user, and their out­
puts can generally be written in any 
desired format. For acceptance by this 
system, the definition of geometry must 
be translated into the Initial Graphics 
Exchange Standard (IGES) format. The 
definition of geometry can then be trans­
ferred readily to any of the grid-generat­
ing subsystems within this system. 

The grid generators in this system are 
divided into two categories, maintaining 
the highest level of modularity possible. 
The first category includes those grid 
generators that simultaneously generate 
surface and volume grids. A grid gener­
ator in the second category contains 
separate modules first to generate grids 
on surfaces, then generate volume grids 
based on the surface grids. Typically, 
surface and volume grids are generated 
sequentially through algebraic tech­
niques, then smoothed with elliptic tech-

The 
Relat ionships 

Among the 
Functional 

Blocks of the 
system reflect 
those among 

the four major 
steps of the 

CFD analysis 
process. 

DEFINITION OF GEOMETRY 

GENERATION OF GRIDS 

CFD CODES 

POSTPROCESSING 

niques, as needed. 
The system provides for selection of 

any of several CFD codes that have 
been developed by various experts and 
that implement a variety of theoretical 
and numerical approaches. These 
codes have been modified for integra­
tion into the system. Any of these codes 
can read any grid represented in the 
common format of the system. The out­
puts of all of these codes are in a com­
mon format for postprocessing. The 
common input and output formats pro­
vide a conceptual framework for incor­
porating new CFD codes. 

Postprocessing is needed to reduce 
the large volume of output information 
to a form in which it can be readily 
assimilated and integrated with other 
products of engineering analysis. As 
defined within this system, postpro­
cessing encompasses three major 
functions: extraction of engineering 
data, visualization of data, and genera­
tion of a postprocessing data base. 

For extraction of engineering data, 

Key: 

Integrated 

Combined 
Surface 

and 
Volume 
Grids 

-+- Translators 

Separate 

o Common Translator InpuVOutput Format 
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this system implements a two-step 
approach to postprocessing intended 
to maintain a high level of modularity. 
First, a subroutine is developed and 
embedded within each CFD code. This 
subroutine accesses other portions of 
the code as needed, computes appropri­
ate quantities, and writes them in a com­
mon data format. 

The Flow Analysis Software Toolkit 
(FASl) computer program is the first visu­
alization tool to be selected for inclusion 
in this system. FAST, a product of NASA's 
Ames Research Center, is a collection of 
software modules for use in visualizing 

geometries, grids, and computed flows. 
The development of a postprocessing 

data base is still in an early stage. The 
large number of data generated in CFD 
analyses calls for significant effort to 
develop hardware and software to handle 
the data. Storage of a complete data 
base of all final solutions in the common 
output format would necessitate signifi­
cant investment in mass-storage devices. 
Currently, a limited data base of graphical 
images is being considered. Even so, typ­
ical image files can exceed one million 
bytes each. A possible altemative to stor­
ing image files is to maintain a data base 

of FAST scripts: Given a solution file, one 
need not store images, but only the script 
file used to generate the images in FAST. 
This provides the ability to regenerate 
previous images quickly, and offers the 
additional flexibility of being able to modi­
fy images within FAST. 

This work was done by Steven L. 
Barson, Edward P. Ascoli, Michelle E. 
OeCroix, and Munir M. Sindir of Rockwell 
International Corp. for Marshall Space 
Flight Center. For further information, 
write in 247 on the TSP Request Card. 
MFS-29966 

Program for Analysis of Axial-Flow Compressors 
Computations based on simplifying assumptions quickly yield approximate results for design studies. 
Lewis Research Center, Cleveland, Ohio 

CSPAN (Compressor SPanline 
ANalysis) is a FORTRAN 77 computer 
program that assists in the design of 
axial-flow compressors. This program 
enables the design engineer to study the 
relationships among the number of 
stages, the flow-path radii, the gas 
velocities, the flow angles, and the resul­
tant variation of compressor efficiency. It 
also rapidly provides conceptual designs 
for preliminary design studies of air­
breathing engines. 

The program is based on the assump­
tion of isentropic simple radial equilibri­
um. Maximum rotor-tip and stator-hub 
loadings, maximum tuming at the rotor 
hub, and maximum stator-hub mach 
number are specified as design con­
straints. Many advanced compressor 
designs require reductions in tip radii to 

provide adequate blade heights at the 
exits. Therefore, this program includes 
an input for direct specification of the 
change of tip radius across each row of 
blades. The hUb-ramp-angle limit is a 
constraint that is included to avoid 
excessive wall slope. The mass-flow rate 
can be specified by the user and used to 
calculate the inlet-tip axial velocity, which 
can optionally be specified directly by 
the user. Two built-in loss correlations 
are available to the user: one for stage 
polytropic efficiency, and the other for 
the blade-element pressure-loss coeffi­
cient. The velocity diagrams and stage­
by-stage performance are calculated 
along with overall performance. 

CSPAN is written in FORTRAN 77, 
and requires a compiler which supports 
NAMELIST input. It was originally written 

on an IBM mainframe running VM/CMS. 
This version has also been successfully 
implemented on a DEC VAX series com­
puter running VMS. The standard distri­
bution medium for CSPAN is a 9-track 
1600-bitlin. (630-bitlcm) magnetic tape 
in DEC VAX FILES-11 format. Upon 
request, it is also available on a TK50 
tape cartridge in DEC VAX BACKUP for­
mat or on a 5.25-in. (13.335-cm) 360K 
MS-DOS format diskette. CSPAN, which 
was developed in 1992, is an update of 
the program N34 previously available 
from COSMIC as part of LEW-10765. 

This program was written by Arthur J. 
Glassman of the University of Toledo for 
Lewis Research Center. For further 
information, write in 209 on the TSP 
Request Card. 
LEW-15609 

Computing Effects of Hypervelocity Impacts on a Spacecraft 
MLiTEMP estimates damage and thermal effects. 
Marshall Space Flight Center, Alabama 

The MUTEMP computer program is a 
design software tool that utilizes empirical 
equations to predict the damage and the 
thermal effects of impacts of hypervelocity 
particles on spacecraft. (One of the ther­
mal effects predicted by MLiTEMP is the 
amount of condensate formed .) A Whipple 
style of spacecraft wall (which consists of 
multiple layers of insulation and a 
"bumper" layer in addition to a pressure 
walQ is assumed. Three different tech­
niques for empirically predicting the dam­
age caused by hypervelocity impacts are 
used in MLiTEMP: an "inverse-R" predic­
tion technique, a polynomial-function pre­
diction technique, and a nondimensional-
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parameter prediction technique. 
The "inverse-R" prediction technique 

uses a prediction equation of very general 
form that can be applied in the same man­
ner to all problems. Thus, the user is not 
required to develop a suitable form for the 
prediction, and additional independent 
variables can be incorporated easily as 
needed. This method is designed to use a 
data base that can be updated con­
tinuously as new experimental data be­
come available. The method automatically 
takes advantage of the most appropriate 
data in the data base for a given set of 
independent variables. The measured 
data points that are used for prediction 

can be considered to "radiate" information 
to an interpolation point. The farther the 
data point is from the interpolation point, 
the weaker the "radiation." 

The polynomial-function prediction 
technique is based on the concepts asso­
ciated with the finite-element method 
(FEM). In the FEM, polynomials of relative­
ly low order are used to interpolate a func­
tion of interest over a small portion (a finite 
element) of the domain wherein the func­
tion is active. The coefficients of the poly­
nomial are derived from known values of 
the function of interest at points called 
nodes on the boundary of the element. For 
this application, the nodal values of the 
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A CAE package that 
provides immediate product­
ivity and saves prototyping 
dollars is very hard to find. 
With our line of fully inte­
grated BEM electromagnetic 
simulation software, we can 
help. 

Each of our packages is 
designed around three basic 
principles: advanced technol­
ogy, productivity and excep­
tional customer service. 

B-Field Band.s: Periodic condition 
on a magnetic clutch for arbitrary 
rotor position. 

Advanced Technology 
"I have analyzed literally hun­
dreds of linear and non-linear 
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with IES software. It has 
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Dr. Kent Davey 
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error detection, 3D symmetry 
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graphic interface give you the 
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available anywhere. 

Torque vs. position curves for 
optimaL motor design are readiLy 
calculated. 

Productivity 

"IES BEM programs have con­
sistently outperformed the 
seven FEM packages I have 
evaluated in the past few 
years. The operator interface 
of IES programs allows for 
immediate productivity, where 

there is a significant learning 
curve involved in all FEM 
packages. " 

Nicholas F. Campagna 
Consultant 

We have set up sample prob­
lems for you to work through 
along with databases of 
solved problems comparable 
to conventional industry-spe­
cific needs. Shorten the steps 
to your solution with IGES or 
DXF geometry translators and 
parametric definitions. 

Customer Service 
"IES has consistently impres­
sed us with their speed of 

response and strong commit­
ment to work with us on 
unique problems. " 

Jim Aydelotte 
Dynacasc Magnetics 

On-line help, full technical 
support and two complete 
program enhancements each 
year keep you on the cutting 
edge of CAE design and 
analysis. 

Load a single diskette or tape 
onto your PC or workstation. 
Within one day you will begin 
working on your own prob­
lems. In just a week, even the 
most sophisticated 3D design 
solutions are yours. We give 
you our word. And so have our 
customers. 

Use BEM to soLve non-linear 
eddy current problems . 

Call today for your 30,day no· charge 
software evaluation. 

.' 1]:. INTEGRATED 
ENGINEERING SOFTWARE 
TEL: (204) 632-5636 FAX: (204) 633-7780 
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function of interest are measured experi­
mentally and are thus known quantities. 
This technique involves selecting a suffi­
cient number of experimental data (node) 
pOints and then determining the coeffi­
cients of the polynomial from these data. 

The nondimensional-parameter predic­
tion technique has been found to be the 
best method to represent empirical func­
tions in many applications. The coeffi­
cients of the functions are determined by 
use of an optimization routine to adjust the 
values of the coefficients so as to maxi­
mize the coefficient of determination of 
each of the functions. The nondimension­
al functions are adjusted to match the 
experimental results as closely as possible 
in a least-squares sense. This approach 
to evaluation of coefficients is suitable 
for any form of prediction function - lin­
ear or nonlinear. 

The thermal behavior of the pressure 
wall, the multiple insulating layers, and the 
bumper layer are all explicitly modeled by 
use of an axisymmetric finite-difference 

analysis technique. Steady-state thermal 
conditions are also modeled. 

The condensate-prediction subpro­
gram is used to determine the height of 
condensate for a given distribution of 
temperature on the surface of the space­
craft. Two sets of conservation equations 
are solved: one for the condensate layer 
and one for the vapor layer, with ap­
propriate interface conditions. The bound­
ary-layer theory breaks down near the 
center of the circular region, so that the full 
Navier- Stokes (conservation-of-momen­
tum) equations must be considered. 

MLiTEMP is written in BASIC for IBM 
PC-series and compatible computers run­
ning MS-DOS. This package includes 
sample executable codes, which were 
compiled under the Microsoft BASIC Pro­
fessional Development System (BPDS). 
Although written for compilation under Mi­
crosoft BPDS, the programs of MLiTEMP 
that do not use the menu, window, and 
mouse toolbox of BPDS can be modified 
and recompiled using Microsoft Quick-

Basic 4.5. Earlier versions of Microsoft 
QuickBasic may not compile the 
MLiTEMP source code property. The min­
imum requirements for the proper execu­
tion of MLiTEMP include an 80286 proc­
essor, a math coprocessor, and an EGA 
or VGA graphics card and monitor. The 
standard distribution medium for this pro­
gram is a set of three 5.25-in. (13.34-cm), 
360K MS-DOS-format diskettes. The 
contents of the diskettes are compressed 
by use of the PKWARE archiving software 
tools. The utility program to unarchive the 
files, PKUNZIP.EXE, is included. MLITEMP 
was developed in 1992. 

This program was written by William K. 
Rule of Marshall Space Flight Center 
and V. Giridharan of The University of 
Alabama. For further information, write 
in 51 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Cdunsel, Marshall 
Space Flight Center {see page 24]. Refer 
to MFS-26239 

Program Helps Decompose Complex Design Systems 
DeMAIO groups modular subsystems on the basis of interactions among them. 
Lang/ey Research Center, Hampton, Virginia 

Many engineering systems are large 
and multidisciplinary. Before the design 
of such new complex systems as large 
platforms in outer space can begin, the 
possible interactions among subsystems 
and their parts must be determined. 
Once this is done, the proposed system 
can be decomposed to identify its hierar­
chical structure. 

The DeMAID (A Design Manager's Aid 
for Intelligent Decomposition) computer 
program is a knowledge-based software 
system for ordering the sequence of 
modules and identifying a possible multi­
level structure for the design problem. 
DeMAID displays the modules in the for­
mat of an N x N matrix (called a design 
structure matrix). As used here, "module" 
denotes any process that requires input 
and generates an output. A module could 
also be a process (e.g., an initialization 
process) that generates an output but 
does not require an input. Although 
DeMAID requires an investment of time to 
generate and refine the list of modules for 
input, it could save a considerable 
amount of money and time in the total 
design process, particularly in a new 
design problem in which the order of the 
modules has not been defined. 

The decomposition of a complex 
design system into subsystems depends 
on the judgment of the design manager. 
DeMAID reorders and groups the mod-
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ules on the basis of the links (interactions) 
among the modules, helping the design 
manager make decomposition decisions 
early in the design cycle. The modules 
are grouped into circuits (the subsys­
tems) and displayed in an N x N-matrix 
format. Feedback links, which indicate an 
iterative process, are minimized and 
occur only within a subsystem. Since 
there are no feedback links among the 
circuits, the circuits can be displayed in a 
multilevel format. Thus, a large amount of 
information is reduced to one or two 
displays that are stored for later retrieval 
and modification. The design manager 
and leaders of the design teams then 
have a visual display of the design prob­
lem and the intricate interactions among 
the different modules. 

The design manager could save a sub­
stantial amount of time if circuits on the 
same level of the multilevel structure are 
executed in parallel. DeMAID estimates 
the time saved on the basis of the num­
ber of available processors. In addition 
to decomposing the system into subsys­
tems, DeMAID examines the dependen­
cies of a problem with independent 
variables and dependent functions. A 
dependency matrix is created to show 
the relationship. 

DeMAID is based on knowledge-base 
techniques to provide flexibility and 
ease in adding new capabilities. 

Although DeMAID was originally written 
for design problems, it has proven to be 
applicable to any problem containing 
modules (processes) that take inputs 
and generate outputs. For example, one 
group is applying DeMAID to gain 
understanding of the flow of data asso­
ciated with a very large computer pro­
gram. In this example, the modules are 
the subroutines of the program. 

The design manager begins the design 
of a system by determining the level of 
modules that must be ordered. The level 
is the "granularity" of the problem. For 
example, the design manager may wish 
to examine disciplines (a coarse model), 
analysis programs, or the data level (a 
fine model). Once the system is divided 
into these modules, the input and output 
of each model is determined, creating a 
data file for input to the main program. 

DeMAID is executed through a sys­
tem of menus. The user can choose to 
plan, schedule, display the N x N matrix, 
display the multilevel organization, 
or examine the dependency matrix. 
The main program calls a subroutine 
that reads a rule file and a data file, 
asserts facts into the knowledge base, 
and executes the inference engine of the 
artificial-intelligence/expert -system pro­
gram, CLIPS (C Language Integrated 
Production System). 

To determine the effects of changes in 
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3M 35mm Microfilm-the ideal format for storing CAD drawings. 
CAD is an irnmen ely powerful tool for the designer and 
the engineer. But the drawing it originates need to be 
acces ed, read and circulated efficiently and 
inexpensively. And that means hard copy of some sort. 

That's why modem design and engineering 
companies run both digital and 35mm card-based 
systems in paralJel - and that's why your CAD system, 
if you asked it, would come up with 3M' universally 
re pected 35mm Microfilm System as the perfect format 
for archiving and di tributing your drawings. 

Make no mistake, microfilm has a big part to play in 
your company's future - especially as most of your 
existing and potential suppliers are standardized on the 
sy tern. 3M 35mm Microfilm is proven in practically 
every design and engineering application. It ha 
undergone a continuous process of refinement to reach its 
pre ent high standard of accuracy, dependability and 
heer ease of u e. 

C 3Ml994 

There's a wide range of advanced 3M equipment 
available to bridge the interface between CAD 
origination and microfilm: 

Film plotters that 
produce high-re olution 
35mm Microfilm 
originals from electronic 
data at the touch of a 
button. Multi-function 
printers that can output 
N A4 to EI AO prints 
from both microfilm and paper. Sophisticated, user­
friendly high speed Reader Printers. 

To find out more about how cost-effectively you can 
integrate the latest generation of 3M Microfilm hardware 
with your CAD system, call 3M Engineering Document 
System , I-8oo-247-8516. 
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the design process, DeMAlD includes a 
"trace effects" feature. Two methods of 
tracing the effects of a change in the 
design process are available. The first 
method involves tracing forward through 
the outputs to determine the effects of an 
output with respect to a change in a par­
ticular input. The second method involves 
tracing backward to determine what mod­
ules must be re-executed if the output of 
a module must be recomputed. 

DeMAID is available in three machine 
versions: a Macintosh version written in 
Syrnantec's Think C 3.01, a Sun version 
in C language, and an SGI IRIS version in 
C language. The Macintosh version 
requires system software 6.0.2 or later 
and CLIPS 6.0. The source code for the 
Macintosh version is not compilable 

under version 4.0 of Think C; however, a 
sample executable code is provided on 
the distribution media. QuickDraw is 
required for plotting. The Sun version 
requires GKS 4.1 graphics libraries, 
OpenWindows 3, and CLIPS 6.0. The 
SGI IRIS version requires CLIPS 6.0. The 
documentation for CLIPS 6.0 is not 
included in the documentation package 
for DeMAID; however, it is available from 
COSMIC separately as the documenta­
tion for MSC-2120S. The standard distri­
bution medium for the Macintosh version 
of DeMAID is a set of four 3.5-in. (S.9-
cm), SOOK Macintosh-format diskettes. 
The standard distribution medium for the 
Sun version of DeMAID is a 0.25-in. 
(6.35-mm) streaming-mag netic-tape car­
tridge (QIC-24) in UNIX tar format. The 

standard distribution medium for the IRIS 
version is a 0.25-in. (6.35-mm) IRIX-com­
patible streaming-magnetic-tape car­
tridge in UNIX tar format. All versions 
include sample input. DeMAlD was origi­
nally developed for use on VAX VMS 
computers in 19S9. The Macintosh ver­
sion of DeMAID was released in 1991 and 
updated in 1992. The Sun version of 
DeMAID was released in 1992 and 
updated in 1993. The SGI IRIS version 
was released in 1993. 

This program was written by James L. 
Rogers, Jr., of Langley Research Cen­
ter and Laura E. Hall of Unisys Corp. For 
further information, write In 147 on the 
TSP Request Card. 
LAR-15099 

Program for Optimization of Antenna Structures 
This program calculates pathlength and pointing errors. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

The JPL-ANTOPT computer program 
is designed to help engineers optimize 
microwave antenna structures by use of 
path-Iength- and pointing-error-analysis 
calculations. This program is a package 

of codes and subroutines to be added 
to the MSC/NASTRAN program. 

Lengths of signal-propagation paths 
and pointing errors are important mea­
sures of structure-related performance 

If you have a 
pin design problem, 
DRIV-LOK makes 
house calls. 
For more than 50 years DRN-LOK has been known as 
a manufacturer of quality press fit fasteners. What 
may not be as well-known is our on-site engineering 
assistance program. And this part of our story may be 
just what the doctor ordered for you, as it was for this 
customer. .. 

Recently, DRN-LOK was asked to 
make a "house call" at a firm that 
develops innovative medical devices. 
The specific design project was a new 
product used in neurological surgical 
procedures. 

DRN-LOK's field engineers worked 
directly with the medical instrument 
designers to define the critical specifi­
cation requirements of the assembly 
pin and the unique manufacturing 
process necessary to produce it. The 
pin is central to the precise functioning A DIlIV·LQI< field engineer consulting 

on an OEM's pin design requirement 

of an antenna. JPL-ANTOPT treats the 
errors as scalar displacements in static­
loading cases. These scalar displace­
ments can be subject to constraint dur­
ing an optimization process. The path-

of the 
instruments operation. 

This particular "house call" may ulti­
mately help save lives. DRN-LOK's 
program of technical assistance has 
saved time and money for many other 
customers. If you have a pin design 
problem, or think you might, call the 
DRN-LOK pin "doctor." 

For quick delivery on any of our top 
quality standard press fit pins, call us 
at the office! 

DRIV·LOK~c. 1140 Park Avenue · Sycamore, IL 60178 
TEL 815/895-8161 • FAX 815/895-6909 
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U nigraphics 
The solution to your 

The Unigraphics Hybrid Modeler attacks complex design 
challenges with a powerful new modeling architecture 
that provides a choice of solid. surface. wireframe and 
feature-based parametric modeling. Geometry from other 

d · thr h f · CAD/CAM/CAE systems can eSlgn- oug -manu acturing be .quickly edit~d and parame­
tenzed. extending concurrent 

challenges. 

II 

engineering practices beyond your enterprise to include 
once incompatible partners and suppliers. Assemblies 
of more than 1.000 parts can be readily manipulated. 
Drafting is easy. even intuitive. Unique CAM strengths 
allow the extremely complex freeform shapes that were 
easily created with the UG Hybrid Modeler to be cut with 
confidence and accuracy. EDS Unigraphics offers flexible 
product data management tools to support work group 
through enterprise-wide requirements and the expertise 
to implement. network and optimize systems and engi-
neering processes globally. 
For more information. call 314-344-2687. 

Moulinex GENIUS 1000 food processor 

McDmneIl Douglas FIA-18 and MD Explorer 

Moog hydraulic actuator for aircraft 

Tool Tech reverse injection mold 

Apple Computer PowerBook 

Smith Intemational rock bit 

:DS Unigraphics 
)S and Unigraphics are registered trademar1<s of Electronic Data Systems Corporation. 
Jpyright (01995 EDS All rights reserved. 

Experience record-breaking time to market with 
EDS Unigraphics and Alpha AXP Unix workstations. 

For More Information Write In No. 512 



length and pointing-error calculations in JPL-ANTOPT supple­
ment the other optimization and sensitivity capabilities of NAS­
TRAN. The analysis and design functions are implemented as 
"DMAP ALTERs· to the Design Optimization (SOL 200) 
Solution Sequence of MSCINASTRAN version 67.5. 

The path-length error is calculated as the weighted root­
mean-square error of a paraboloid that best fits the deformed 
primary reflector surface in a half-path-Iength sense. The 
antenna-pointing-error calculation combines the orientation of 
the best-fitting paraboloid with the displaced positions of the 
secondary reflector and the phase center of the microwave 
feed. This error can be calculated relative to the position of an 
elevation-angle transducer on the antenna. The results of the 
path-length and pointing-error analyses are reported in tables 
for each static sub-case. The added codes for analysis and 
design of antennas do not modify or interfere with the opera­
tion of the original optimization code and are compatible with 
all the other sensitivity and design options in SOL 200. 

JPL-ANTOPT is written in MSC/NASTRAN's Direct Matrix 
Abstraction Programming (DMAP) language for use on any 
computer running MSC/NASTRAN 67.5. A test problem is 
included on the distribution medium. All files are in ASCII for­
mat. The standard medium for distribution of JPL-ANTOPT is 
a 3.5-in. (8.89-cm), 1.44MB diskette in UNIX tar format. 
Alternate distribution media and formats are available on 
request. JPL-ANTOPT was developed in 1993 and is a copy­
righted work with all copyright vested in NASA. 

MSC/NASTRAN is a trademark of the MacNeal-Schwendler 
Corporation. 

This program was written by Doug/as Strain of Ca/tech for 
NASA's Jet Propulsion Laboratory. For further information, 
write in 1 on the TSP Request Card. NPO-19349 
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Computing Trimmed, 
Mean-Camber Surfaces at 
Minimum Drag 
This program utilizes a vortex lattice method 
mathematical model. 

Lang/ey Research Center, Hampton, Virginia 

The VLMD computer program determines the subsonic 
mean-camber surfaces of trimmed noncoplanar planforms 
with minimum vortex drag at a specified lift coefficient. Up to 
two planforms can be designed together. The method used 
is that of the subsonic vortex lattice method of chord load­
ing speCification, ranging from rectangular to triangular, left 
to be specified by the user. 

In VLMD, a Trefftz-plane analysis is used to determine the 
optimum span loading for minimum drag. The program then 
solves for the mean camber surface of the wing associated 
with this loading. Pitching-moment or root-bending-moment 
constraints can be employed at the design lift coefficient. 
Sensitivity studies of vortex-lattice arrangements have 
been made with this program and comparisons with other 
theories show generally good agreement. The program is 
very versatile and has been applied to isolated wings, 
wing/canard configurations, a tandem wing, and a wing/­
winglet configuration. 

The design problem solved with this code is essentially 
one of optimization. A subsonic vortex lattice is used to 
determine the span load distribution(s) on bent lifting line(s) 
in the Trefftz plane. A Lagrange multiplier technique is used 
to determine the required loading, which is used to calculate 
the mean-camber slopes, which, in turn, are then integrated 
to yield the local elevation surface. The problem of determin­
ing the necessary circulation matrix is simplified by having 
the chordwise shape of the bound circulation remain 
unchanged across each span, though the chordwise shape 
may vary from one planform to another. The circulation 
matrix is obtained by calculating the spanwise scaling of the 
chordwise shapes. A chordwise summation of the lift and 
pitching moment is utilized in the Trefftz-plane solution, on 
the assumption that the trailing wake does not roll up and 
that the general configuration includes specifiable chord­
loading shapes. 

VLMD is written in FORTRAN for IBM PC-series and com­
patible computers running MS-DOS. This program requires 
360K of random-access memory for execution. The Ryan 
McFarland FORTRAN compiler and PLlNK86 are necessary 
to recompile the source code; however, a sample exe­
cutable code is provided on the distribution medium. The 
standard medium for distribution of VLMD is a 5.25-in. 
(13.335-cm), 360K MS-DOS-format diskette. VLMD was 
originally developed for use on CDC 6000-series computers 
in 1976. It was originally ported to the IBM PC in 1986, and, 
after minor modifications, the IBM PC version was released 
in 1993. 

This program was written by John E. Lamar and William T. 
Hodges of Langley Research Center. For further informa­
tion, write in 27 on the TSP Request Card. 
LAR-15160 
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"We reduced our technical risk factor by at least a third by using MECHANICA to optimize 
designs of our mechanisms and their structural elements: 

-Dave Rodriguez. Western Design 

"This model took about 1.5 days while actual prototype fabrication 
and testing would likely have taken ten weeks ... " 

- Brian Wood, Tektronix 

" ... MECHANICA cut our product development time by 40%." 
- Mike Mueller, ALCOA 

For today's new generation of engineers And the perfect partnership for ru 

there's one engineering tool:MECHANICA Rasna Corporation and Hewlett-Packard. When you engineer 

from Rasna Corporation. Only MECHANICA with MECHANICA on HP workstations, you're combining 

allows you to optimize your designs the industry's most innovative engineering tool s with its 

most advanced hardware to design 

The fact is, only MECHANICA lets you 

design your projects right, right from the 

better products - and make sure they're 

right from the start. 

. start - long before you make hardware prototypes. No wonder Call us for a MECHANICA 

Rasna Corporation was selected by Inc. Magazine as the 3rd success story in your industry. 
Premier 
Solution 
Partner 

fastest growing private company in the U.s. 

1-800-937 4432 
ENGINEERING IT RIGHT, Up- FRONT. l?J 
--------------------~~ 'Inc. Magazine, October 1994 

For More Information Write In No. 513 



Electronic Components 
and Circuits 

Cheap, Easy-To-Read Frequency Monitor for Pulsed Laser 
A simple bar-graph display shows the approximate relative frequency at a glance 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The figure illustrates an electronic cir­
cuit that provides a bar-graph display of 
the difference between the carrier fre­
quency of a pulsed laser transmitter and 
the frequency of another laser that 
serves as the local oscillator in a receiv­
er. The display device is a linear array of 
light-emitting diodes (LED's), each of 
which represents a 1-MHz portion of the 
beat-frequency range from 20 to 40 
MHz. The middle LED and its neighbors 
are green; the LED's that represent the 
edges of the passband are yellow; the 
LED's of frequencies outside the pass­
band are red. Thus, the operator can 
determine the approximate relative fre­
quency of the transmitter at a glance by 
observing the color and position of the 
illuminated LED. 

In the pulsed-lidar system for which 
the frequency monitor was designed, 
the pulse-repetit ion frequency is about 4 
Hz. Typically, the carrier frequency jitters 
about 1 MHz, from pulse to pulse. It is 
much easier to read this bar-graph dis­
play than it would be to read a more­
precise digital frequency display 
because the reader does not have to 
process mentally the many digits that 
would change repeatedly at the pulse­
repetition rate. In addition, the incre­
mental linear display enhances the oper­
ator's perception of the jitter and overall 
excursion from the middle frequency. 

The monitor is based on heterodyne 
and gated-counter concepts. In the 
photodetector of the receiver, part of the 
scattered transmitter signal is mixed 
with the local-oscillator signal, produc­
ing the beat-frequency (intermediate­
frequency) receiver signal. Some of the 
beat-frequency signal is diverted from 
the receiver to the monitor, where a 
high-speed comparator generates tran­
sistor/transistor-Iogic-Ievel pulses at 
the beat-frequency rate. These pulses 
are fed to the clock-input terminal of a 
binary counter. The count is started, 
stopped, and reset to zero during each 
transmitter pulse by two multivibrators 
that are triggered by a synchronizing 
pulse from the transmitter. The counting 
period is 1 ~s. If, for example, the count 

32 

is 30 at the end of the period , then the 
average frequency during the period 
was about 30 MHz. 

The output of the binary counter is 
converted to an analog voltage, then 

vided. However, the bar-graph display is 
meant to be the focus of attention at 
high pulse-repetition rates. 

This work was done by Carlos 
Esporoles of Caltech for NASA's Jet 
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The Frequency Monitor countE the number of cycles during a 1-~s portion of the beat-fre­
quency pulse associated with each transmitter pulse (which lasts somewhat longer than 
1 ~s). One of the LED's in the linear array is illuminated; its position represents the number 
of cycles and, therefore, the relative carrier frequency of the transmitter. 

redigitized by an LEO-dot-bar driver to 
the frequency increments of the display. 
(This approach results in a simpler cir­
cuit than does an all-digital approach.) 
The output of the LEO-dot-bar driver is 
fed to a set of opto-isolators, which 
drive the LED's in the display. To enable 
verification that the bar-graph display is 
calibrated, a digital readout is also pro-

Propulsion Laboratory. For further 
information, write in 43 of the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
NASA Resident Office - JPL [see page 
20j. Refer to NPO-7 8596. 
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This surf a" shews the response of a fuzzy 
controller for a distillation column intake Wllve. 
The .sysrem was implemenred with three simple 
rules using the MATIAB Fuzzy Logic Toolbox. 

MATLAB® Fuzzy 
Logic Toolbox, 
the clear path to 
sharper solutions. 

L e MATLAB Fuzzy Logic 

Toolbox is the first product that 

lets you rapidly learn, evaluate, 

and integrate fuzzy logic into real 

world engineering solutions. 

The exclusive Fuzzy Inference Diagram lets 
you interactively explore fuzzy rules and 
rapidly analyze .system beha,ior. 

Fuzzy logic in a complete 
engineering en\>ironment 

The Fuzzy Logic Toolbox is the 

heart of a complete environment 

for fuzzy system design, dynamic 

simulation, and implementation. 

Unlike fuzzy-only packages, the 

Toolbox lets you apply the power 

of fuzzy logic to your everyday 

engineering work - whether 

you're exploring new ideas, 

simulating alternative designs, 

or generating real-time code. 

Clearly intuiti\>e GUI 

The Fuzzy Logic Toolbox's 

simple point -and-click user 

interface guides you effortlessly 

through the steps of fuzzy 

design, from setup to diagnosis. 

The interactive graphics let you 

instantly visualize and fme tune 

system behavior. 

Focused power and flexibility 

With the Fuzzy Logic Toolbox, 

you get built-in support for the 

latest methods such as fuzzy 

clustering and adaptive neuro­

fuzzy learning. Using the high­

level MATLAB language, you can 

easily modify any Toolbox 

function, and add your own. 

You can even combine fuzzy 

logic with other MATLAB 

Toolboxes to create custom 

solutions for your applications. 

-
SIMUUNK's dynamic simulation tools 
simplify the design and development of 
real-time fuzzy systems. 

Integrated simulation and code 
generation with SlMUUN~ 

The Toolbox is the only fuzzy 

software that is integrated with a 

full-function dynamic simulation 

system, SIMULINK lets you 

easily simulate fuzzy designs, 

compare their performance to 

conventional control or signal 

processing methods, and 

generate C code for embedded 

processors - all within a single 

interactive environment. 

21M For More Information Write In No. 514 

MATLAB 
------------------
Picture tlze Power 

NEW Fuzzy Logi~ Toolbox 

• Comprehensive fuzzy design tools 

• Innovative GUI for design, 
analysis, and debugging 

• Advanced methods for adaptive 
systems and pattern recognition 

- Fuzzy clustering 
- Neuro-fuzzy learning 

- Sugeno fuzzy inferencing 

• Integrated with SIMVLlNK and 
MATLAB Toolboxes, such as: 
- Control design 

- Signal and image processing 

- Neural networks 

• Code generation for standalone 
and embedded real-time systems 

The Ultimate Technica' 
Computing EnwronmentThI 

MATLAB is an extensible, 

interactive Technical Computing 

Environment that seamlessly 

integrates computation, 

visualization, and modeling on 

PCs and workstations, Now, it's 

the ideal way to bring the power 

of fuzzy logic into focus , 

Call today for your free fuzzy 
logic information package, 

508·653·1415 

The 
MATH 

~ 
24 Prime Pork Way / Natick, MA 01760 

Tel: 508/653-1415 Fox: 508/653-6284 
Email: inio@mathworks.com 

The MOlhWolts Is "presented in the following (Dunlrles: 
Austrolia: +61-2-921-6311 . Brazil: +11·11·816·3144 
Fron,,: +33-J.41·3HHI • Germany: H9·241·26041 
India: +91-80·2·26()'260 ' Isroel: +912-3·161·5151 
1t,ly: +39·11 ·24-81·332 ' J,pan: +81 ·3·1918·1410 
Kar,, : +82-2·511·1211 ' Partug,l: +34·3·411·49·04 
Scandinavia: +46·8·11·31).22 ' Spain: +34-3·411·49·04 
lwill.nand: +41·3].99844·11 • Taiwan: +88~2·IOh!181 
Far Belgium. luxembourg, The Netherlands, United Kingdom 
and Republic of Ireland call (ambndge (anhal, lid: t44-122341HOO 
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Combining Video Memory Operations 
Designs can be simplified. 

Lyndon B. Johnson Space Center, Houston, Texas 

The designs of video random-access 
memory (VRAM) integrated circuits that 
operate under control by external logic 
circuits can be simplified according to a 
concept of combining two memory 
operations that have been performed 
separately heretofore. 

Usually, a VRAM integrated circuit of 
the type in question contains a dynamic 
random-access memory (DRAM) that 
buffers parallel digital video data from 
the source, plus a serial data register 
(SDR) that loads parallel data from the 
DRAM prior to clocking of this data seri­
ally out to a display circuit (see figure). 
The four main operations of the VRAM 
are (1) loading the DRAM, (2) refreshing 
the DRAM, (3) loading the SDR, and (4) 
clocking data serially out of the SDR. 
According to older design concepts, 
only operations 1 and 4 can be per­
formed simultaneously; operations 1, 2, 

and 3 are performed sequentially 
because they have to be synchronized 
with common control signals that an 
arbiter logic circuit feeds sequentially to 
the portions of the circuits that effect 
these operations. 

The present simplified design concept 
can be applied to a VRAM that clocks 
data out to a display unit continuously. 
Because operations 2 and 3 occur peri­
odically in continuous clocking, it is pos­
sible to combine these operations, pro­
vided that a suitable number of rows of 
the DRAM are refreshed on each cycle. 
This concept eliminates the need for 
DRAM-refresh timers and counters, thus 
reducing the amount of circuitry needed 
to control the VRAM and thereby also 
reducing the time needed to design the 
VRAM. This simplification also reduces 
the time needed to redesign the DRAM­
refresh logic circuitry when adapting a 

VRAM design to another VRAM for 
which timing specifications are different. 

This work was done by Michael J. 
Kania and Jim S. Bche of International 
Business Machines Corp. for Johnson 
Space Center. For further information, 
write in 118 on the TSP Request Card. 
MSC-22417 
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AVRAM 
Performs 
Four Main 
Operat ions 
on video 
data during 
each operat­
ing cycle . 
Combining 
two of them 
simplifies the 
ancillary con­
trol and tim­
ing circuitry. 

Preventing Overcharge and Overdischarge of Lithium Cells 
Cathode additives act as sinks or sources of lithium. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Secondary lithium cells that operate at 
ambient temperature can be protected 
against overcharge and overdischarge by 
use of cathode additives that act as the 
sources and sinks of the electroactive 
chemical species, which is lithium. The 
additive in a cathode limits the excursion 
of the voltage of the cell during both 
overcharge and overdischarge. In addi­
tion to protecting the cell, the additive 
thus also serves as part of a state-of­
charge indicator: the attainment of the 
greater or lesser limiting voltage indicates 
the end of charge or end of discharge, 
respectively. This concept has been 
applied to the UfTiS2 system, and should 
also be applicable to such other lithium 
systems as Li/MoS2 , Li/NbSe3, and 
UN20 5· 

The cycle-life performance of the 
UfTiS2 system is very sensitive to the lim­
its of operating voltages, the recom­
mended limits being 2.7 V for the end of 
discharge. Charging a cell to more than 
about 2.8 V results in oxidative degrada­
tion of the electrolyte solvent; discharging 
to less than about 1.5 V results in irre­
versible intercalation of Li into TiS2 and 
reduction of the electrolyte salt. This lim­
its the cycle-life performance of the cell. 
Repeated overcharge and overdischarge 
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have also been found to result in venting 
or explosion of cells. Hence, there is a 
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need for built-in means to prevent both 
overcharge and overdischarge. 

Llx<AB~ 

1.7 V 

1.65 L-______ -L ______ -l. ______ ----l 

0.0 0.4 0.8 1.2 

x In Ux 1l5:l or x In Ux 44'Byl 

Figure 1. The Coulometric Titration Curves of Li in TiS2 cathode materials is shown along 
with that of an ideal additive compound ABy that would protect an LimS2 cell against both 
overcharge and overdischarge. 
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Spend More 
TimeDoing 
Scienceand 
LessTime 
Programming 

IDLe 

is the only software that 

allows you to program four to ten 

times faster* than FORTRAN or c. 
It seamlessly integrates all of your 

scientific computing needs in a 

single package - breathtaking 2D, 

& 3D graphics, powerful number 

crunching, flexible data I/O and 

more. It even includes a complete 

GUI toolkit for creating point and 

click applications. And, because IDL 

runs on pes, Macs, Unix and VMS 

workstations you won't have to 

rewrite your code every time you 

change machines. 

Join the elite group of 

more than 20,000 

scientists around the 

world who are saving 

time and money by using IDL. 

Call us for a free demo. 

JOJ-786-9900 FAX JOJ-786-9909 

Research Systems, Inc. 

2995 Wilderness Place 

Boulder co 80301 

::: IDL 

'based on a survey of IDL use" 

For More Information Write In No, 409 
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Figure 2. The Two-Compound Additive Mixture of Li2Mn20 4 and LiO.1Mo02 protects an 
LimS2 cell against both overcharge and overdischarge, as can be seen from the coulo­
metric ti tration curves of Li in TiS2 , Mn20 4, and Mo02. 

A cathode additive that can protect 
against both overcharge and overdis­
charge may contain one or two materials 
that, in combination, exhibit the following 
characteristics: (1) The additive must be 
capable of undergoing a reversible reac­
tion with lithiulTl. (2) The lithium-titration 
curve of the additive must contain two 
well-defined voltage plateaus separated 
by about 1 V. (3) The upper plateau volt­
age of the additive must slightly exceed 
the charge cutoff voltage of the cathode 
material. (4) The lower plateau voltage of 
the additive must be slightly less than the 
discharge cutoff voltage of the cathode 
material. (5) If the additive is a single 
compound, it should preferably be one 
that exhibits a sharp transition from one 
plateau to the other. (6) The additive must 
be chemically stable in the presence of 
the cathode active material and the elec­
trolyte. (7) The additive must be highly 
conductive with respect to electrons and 
lithium ions. 

The titration curve of TiS2 cathode 
material and an ideal single-compound 
cathode additive is shown in Figure 1, 
which illustrates the range of operating 
voltages of the TiS2 and the range of 
voltages that lie within the protective 
capability of the additive material. During 
overcharge (an attempt to charge the cell 
to more than the upper plateau value of 

2.7 'I), the additive material is activated 
and keeps the cell voltage from rising 
above 2.7 V. During overdischarge (an 
attempt to discharge the cell to less than 
the lower plateau voltage of 1.7 'I), the 
additive is also activated and keeps the 
cell voltage from falling below 1.7 V. 
Theoretically, these requirements could 
be met by an additive that consists of 
one or two individual compounds (transi­
tion-metal oxides or sulfides). 

One example of an additive that con­
sists of two compounds is a mixture of 
U2Mn20 4 and Uo.1Mo02. The UxMn20 4 
system exhibits an upper plateau voltage 
around 2.9 V (vs. U), and thus protects 
the cells against overcharge; the 
UxMo02 system exhibits a lower plateau 
voltage around 1.6 V (vs. U), and thus 
protects the cells against overdischarge 
(see Figure 2). 

This work was done by Chen-Kuo 
Huang, Subbarao Surampudi, David H. 
Shen, Fotios Deligiannis, Alan I. Attia, 
and Gerald Halpert of Caltech for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 91 on 
the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
NASA Resident Office - JPL [see page 
20). Refer to NPO-18343. 
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Tachometer Derived From Brushless Shaft-Angle Resolver 
Output is directly proportional to the rate of rotation. 

Marshall Space Flight Center, Alabama 

The figure illustrates an analog 
tachometer circuit that processes the 
input and output signals of a two-phase, 
brushless, transformer-type shaft-angle 
resolver into a signal with instantaneous 
amplitude proportional to the instanta­
neous rate of rotation of the shaft. The 
processing in this circuit effects a 
straightforward combination of mathe­
matical operations leading to a final oper­
ation based on the well-known trigono­
metric identity [sin(x)]2 + [cos(x)]2 = 1 for 
any value of x. This circuit is related to a 
tachometer circuit, described previously 
in NASA Tech Briefs and based on the 
same mathematical principles, that 
required two shaft-angle resolvers. By 
eliminating the need for a second 
resolver, the present circuit reduces the 
overall size, weight, and cost of the 
tachometer. 

As is customary, the resolver is excited 
with a periodic waveform; a sinusoid is 
indicated in the figure, but a square, tri­
angUlar, or other periodic waveform could 
be used instead. Thus, the two outputs 

of the resolver are k1sin(wt)sin(e) and 
k1sin(wt)cos(e), where kl is a constant 
proportional to the amplitude of excitation 
and to a factor that depends on the geo­
metric and electromagnetic properties of 
the resolver, w is 21t x the frequency of 
excitation, t is time, and 8 is the instanta­
neous shaft angle. 

The two outputs of the resolver are 
then processed, along with a replica of 
the sinusoidal excitation, by demodula­
tors. The two outputs of the demodula­
tors are thus k2sin(e) and k2cos(e), where 
k2 is a constant proportional to kl and to 
the gain of the demodulators. These 
signals are then differentiated with 
respect to time in two differentiator cir­
cuits. The outputs of these circuits are 
thus k3cos(e)[d8'dt] and -k3sin(8Hd8IdtJ, 
where k3 is a constant proportional to k2 
and to the gain of the differentiator cir­
cuits. Note that d81dt is the rate of 
change of the shaft angle and is the 
quantity that one seeks to measure. 

Next, a multiplier circuit forms a 
product of the demodulator and differ-

Visualize your Excel and 1-2-3 
data lil<e never before. 

Fast 2-D and 3-D 
charts from any 
Wmdows data. 

Once again, the makers of award­
winning Harvard Graphics bring 
you the innovative graphics software 
you really want. This amazingly easy 
to use charting tool remove the 
traditional boundaries faced by 

entiator outputs proportional to sin(e), 
while another multiplier circuit forms 
the product of the demodulator and 
differentiator outputs proportional 
to coste). The outputs of the multiplier 
circuits are thus +k4[cos(e)]2[d8Idt] and 
-k4[sin(e)]2[d8IdtJ, where k4 is a con­
stant proportional to k2k3 and to the 
gain of the multiplier circuits. The out­
put of the cosine multiplier is fed to a 
unit-gain inverting amplifier to obtain 
-k4 [cos(e)]2[d8Idt]. 

The voltages -k4 [sin(e)]2[d8Idt] and 
-k4 [cos(e)]2[d8Idt] are fed to an inverting 
unit -gain adder circuit. By virtue of the 
trigonometric identity [sin(e)]2 + [cos(e)]2 
= 1 and the inversion, the output of this 
circuit is simply +k4[deldt]. 

One advantage of this tachometer cir­
cuit is the use of a brushless shaft -angle 
resolver as the main source of the rate 
signal: there are no brushes to wear out, 
there is no brush noise, and brushless 
resolvers have a history of proven robust­
ness. Unlike in some older tachometer 
circuits, there is no switching of signals to 
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generate noise. Another advantage is that 
in a typical application, a shaft-angle 
resolver is already being used as a shaft­
angle sensor, and thus the tachometer 
input can be obtained without adding 
another sensor. This circuit also offers an 
advantage over conventional rate sensors 

based on permanent magnets and wind­
ings: If a winding becomes short-circuit­
ed, it gives rise to a parasitic drag torque. 
The present circuit is not susceptible to 
this type of malfunction. 

Space Flight Center. For further informa­
tion, write in 77 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be 
addressed to the Patent Counsel, 
Marshall Space Right Center (see page 
20). Refer to MFS-28845. 

This work was done by David E. 
Howard and Dennis A. Smith of Marshall 
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The Tachometer Circuit operates in conjunction with a brushless shaft-angle resolver. By performing a sequence of straightforward mathe­
matical operations on the resolver signals and utilizing a simple trigonometric identity, it generates a voltage proportional to the rate of rotation 
of the shaft. 
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IN CASE YOU MISSED IT! 
Here's what they* said about DADiSP 4.0 

A streamlined user inteiface that fully conforms to Windows is the first obvious feature of a long-awaited upgrade 
to DADiSp, a graphical analysis programJrmn DSP Development Corp. that's designed for the needs of scientists and engineers. 

OAlhSl'11 II / t"ffllu'.crl 

f.dll Windows Drawing .liPL Macros SlpUons Help 

A major overhaul of the user inter­
face, the introduction of an integrated 
programming language and new option 
modules highlight Ver. 4.0 of DADiSP. .. 

Besides adopting a complete 
Wmdows look and feel, the overall inter­
face scheme has gained a more stream­
lined look ... [W]ith the flattened hierarchy 
on this upgrade, the software always 
starts up in a worksheet; indeed, when 
loaded, the software returns to the setup 
that was on the screen when the user 
last exited the program. Although you 
don't have to go through a hierarchy, 
the package still maintains labbooks, 
datasets and worksheets to provide 
a simple method of organizing large 
complex datafiles and projects. 

As part of the Wmdows implemen­
tation, Ver. 4.0 adds support for DDE as 
a client or server either with functions 
at the command line or with Copy/ 
Paste Link for the pulldown menu. It 
performs both warm and hot DDE links 
with either ASCII or binary datatypes ... 

Ver. 4.0 also gives users the ability 
to define their own operations and 
functions to a far greater extent than 
the macros found in the previous ver­
sion. Specifically, the upgrade marks 
the introduction of a programming 
language called SPL (series processing 
language). Modeled on C, it provides 
all the expected facilities including 
user-defined functions, looping and 
iteration, conditional statements, 
array references and variables. 
Variables can be global to a session 
or local to a function. 

An interesting feature is the hot 
variable, which can contain real or 
complex numbers, strings, data series 
and matrices. A hot variable links 
a formula to a variable so that when 
a dependent element of a formula 
changes, the hot variable automatic­
ally reevaluates. For example, the 
SPL code fragment: 
size:= 10 
W2: Movavg(Wl, size) 

For a Free TRiAL 
Call today: 1-800-777-5151 

For More InfonnaUon Wrtte In No. 540 

performs a lO-point moving average on 
the waveform in Wmdow 1 and displays 
the results in Wmdow 2. The:= opera­
tor establishes the hot variable. You 
can explore the effects of changing 
the moving-average length simply by 
reassigning size := 20 so that W2 auto­
matically updates and shows a plot 
based on that new parameter. 

Also improved is the package's 
hardcopy facility. Plot titles, legends, 
multiple scales, selectable fonts and 
a Preview mode help users produce 
publication.quality output... 

[T)wo more modules ... address 
advanced DSP and control applications. 
The AdvDSP module performs Chirp-Z 
transforms, N-point FFTs independent 
of series length and zoom FFTs. It 
also handles multiple forms of PSD 
estimation (classical, autoregressive 
parametric, moving-average parametric, 
autoregressive moving-average para­
metric), transfer-function estimates, 
Cepstrum analysis and digital interpola­
tion. The controls module allows you 
to execute command line or pulldown 
menus, and it addresses the design, 
analysis and simulation of digital and 
continuous open- and closed-loop con­
trollers for linear single-input/single­
output dynamic systems. Among its 
algorithms are those that handle PID 
loops as well as lead and lag controllers. 
• Personal Engineering & Instrumentation News 1195 

DSP 
Development 
Corporation 

One Kendall Square, Cambridge, MA 02139 
617-577-1133, FAX: 617-577-8211 



• Electronic Systems 

Hazardous-Materials Robot 
This mobile robot permits remote entry into areas contaminated by hazardous materials. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

To assist hazardous-materials emer­
gency response teams, the Jet Propul­
sion Laboratory has designed and built a 
remotely controlled mobile robot that can 
be used to locate, characterize, identify, 
and eventually mitigate incidents involving 
hazardous-materials spills/releases. The 
robot, which is based upon a commer­
cially available robot manufactured by 
Remotec (Oak Ridge, TN), possesses a 
number of innovative features, which 
allow it to perform mission-critical func­
tions such as opening and unlocking 
doors and sensing for hazardous materi­
als. By virtue of its remote control, the 
vehicle provides a safe means for locating 
and identifying spills and thereby elimi­
nates the risks of injury associated with 
the use of manned entry teams. 

The vehicle (see figure) consists of an 
articulated, tracked mobile platform with 
a six-degree-of-freedom robotic ma­
nipulator. The articulated tracks enable 
the operator to control the configuration 
of the front and rear tracks remotely, 
thereby enabling the vehicle to climb 
stairs and similar obstacles. The manipu­
lator provides a means for grasping 
objects and can lift 30 Ib (13.6 kg) when 
fully extended [approximately 5 ft (1.5 m)]. 
The manipulator, which features among 
other things a 3 DOF anthropomorphic 
wrist, is extremely dexterous. When used 
in combination with specially designed 
tools, the manipulator, controlled by the 
operator, can reliably perform difficult 
mission-critical tasks, including the 
unlocking and opening of doors. 

In addition to its basic mobility and ma­
nipulation capabilities, the current version 
of the vehicle, called HAZBOT III, also 
features a unique mechanical and electri­
cal design that enables the vehicle to 
operate safely within a combustible 
atmosphere. The design has two compli­
mentary components. First, the control 
and actuation system is entirely based 
upon nonarcing components, including 
brush less dc motors and solid state elec­
tronics. Second, all of the systems actua­
tors and electronic components are 
housed within the vehicle's chassis and 
manipulator, which are sealed and inter­
nally pressurized via an onboard tank of 
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dry air. During normal operation the sys­
tem's electrical components do not cre­
ate arcs, which could ignite a com­
bustible atmosphere; and even if a com­
ponent did fail and create an arc, the 
internal pressurization would prevent the 
combustible materials from entering the 
vicinity of the arc. 

To operate the vehicle, an operator sits 
at a portable control station, which con­
tains two video monitors, a display termi­
nal, and a control panel with a mixture of 
switches and joysticks. The video moni­
tors display images from the vehicle's two 
onboard cameras. One is mounted on 
the manipulator's gripper, and one is 
mounted on a pan/tilt platform. The latter 
image is especially useful since this cam­
era can be independently rotated about 
the manipulator's torso, thus enabling the 
operator to obtain especially good view­
ing angles. The terminal is used to dis­
play, in real time, the readings obtained 
from onboard chemical sensors mounted 
within the manipulator's forearm. Air sam­
ples to these sensors are acquired 
through a sampling tube within the 
manipulator's finger tips. The control 

panel contains the input devices for acti­
vating various joints and onboard devices 
and features a unique layout to facilitate 
use by personnel with little or no previous 
experience in controlling mobile robots. 

In November of 1992, the HAZBOT III 
vehicle was used by the JPL Fire De­
partment HAZMAT Team to perform an 
end-to-end simulated response mission, 
and it later will be used in responding to 
actual HAZMAT incidents at JPL. In No­
vember of 1991, HAZBOT II, an earlier 
version of the vehicle, was successfully 
used by the JPL HAZMAT Team to per­
form an end-to-end response mission, 
which required the vehicle to do the fol­
lowing: 
• Navigate to approximately 30-50 me­

ters to a building; 
• Unlatch, open, and fixture the building 

exterior door; 
• Locate and navigate to a chemical 

storeroom; 
• Sense for the presence of combustible 

gases and the percent level of oxygen 
along the storeroom doorway's jam; 

• Unlock and open the chemical store­
room's door; 

This Mobile Robot provides a wealth of information for an operator through its gas sensors, 
video cameras, and microphone. Audio signals, for example, give the operator clues to 
hissing leaks and to the contact of the tracks with the ground. 

NASA Tech Briefs, March 1995 



Next Generation Turbine/Wind 
Tunnel Testing .. . Now! 

Getting your aerospace test facility 
ready for the 21st century means 
looking to the innovators in pressure 
instrumentation. Electronic pressure 
scanning systems from Pressure 
Systems, Inc. changed the way the 
aerospace world measured pressure, 
and they remain the overwhelming 
standard in propulsion and wind 
runnel testing. 

Now, PSI is introducing the next 
generation of test equipment incor­
porating intelligent pressure scanners 
that provide digital compensation 
of sensor characteristics, including 
temperature effects. 1bis virtually 
eliminates thermal error and 
provides guaranteed system 
uncertainty of less than ±O.05% FS. 

And, PSI has dramatically enhanced 
the throughput of its VME-based 
System 8400 pressure scanning 
system with a new high performance 
hardware/software package that is 
also available for existing systems in 
the field. 1bis enhancement provides 
the platform for significant system 
upgrades for years to come. 

When you're getting your test 
facility ready for tomorrow, don't use 
yesterday's technology. Call Pressure 
Systems, Inc. today. 
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• Climb into the chemical storeroom 
over a 10-in. (25-cm) high berm; and 

• Locate and identify the simulated haz­
ardous-materials spill. 
A completed system was delivered to 

the JPL Fire Department HAZMAT team 
for use in responding to actual HAZMAT 

incidents. 
This work was done by Henry W 

Stone and Gary O. Edmonds of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, write in 25 on 
the TSP Request Card. 

This invention is owned by NASA, and 

a patent application has been filed. 
Inquiries conceming nonexclusive or ex­
clusive license for its commercial devel­
opment should be addressed to the 
Patent Counsel, NASA Resident Office­
JPL [see page 20]. Refer to NPO-18690. 

Circuit Stops Prelasing in a Q-Switched Laser 
Premature emission of laser light triggers a turnoff relay. 
Lang/ey Research Center, Hampton, Virginia 

A protective shutdown circuit stops 
prelasing in a Q-switched laser that op­
erates at a pulse-repetition rate of about 
10Hz. During normal operation, the Q­
switch prevents the emission of light 
from the laser cavity during the applica­
tion of the Q-switch-trigger pulse. 
Sometimes, the Q-switch is unable to 

Light From 
Laser 

r----- ! ------
Photodiode 

hold off emission of laser light during the 
Q-switch-trigger pulse; "prelasing" is the 
name of the resulting premature emis­
sion. Prelasing is considered undesirable 
because it can damage the optical com­
ponents of the laser and associated 
equipment, and because it results in 
uncontrollable variations in the timing 

Bypass 

and power of the laser output. 
The protective shutdown circuit is de­

signed according to the premise that the 
desired laser output occurs after the Q­
switch-trigger pulse, and any laser output 
that occurs prior to this pulse is consid­
ered to be prelasing. When this circuit 
detects prelasing, it triggers a relay that 
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The Protective Shutdown Circuit (shown here in simplified form) turns off the laser power supply when it detects laser light before the end 
of the Q-switch-trigger pulse. 
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turns off the laser power supply. The cir­
cuit can be integrated into almost any Q­
switched-laser system, provided that one 
can gain access to the laser light, the Q­
switch-trigger pulse, and the safety-inter­
lock line of the laser power supply. 

The protective shutdown circuit (see 
figure) consists of six sections - the de­
tection, comparison, delay, synchroniz­
ing-input, control , and output stages. A 
sample of the laser output is band-pass 
filtered at the designated laser wave­
length and fed to a photodiode in the 
detection stage. The output of the detec­
tion stage is fed to the comparator, which 
issues a logic pulse if the detected laser 
output exceeds a preset adjustable trig­
ger level. This signal is fed to the delay 
stage, which consists of a series of 

inverters; the delay stage imposes a fixed 
delay that compensates for the differ­
ence between other delays, generated 
elsewhere in the circuit , between the Q­
switch-trigger pulse and the photodiode 
signal. The delayed signal is fed to the 
"clock" input terminal of the control 
stage, which is a dual J/ K fl ip-flop with 
"preset" and "clear" options. 

The synchronizing-input stage sam­
ples and conditions the Q-switch-trig­
ger pulse and provides an adjustable 
delay. The output of this stage is fed to 
the "clear" input terminal of the control 
stage, which compares the timing of its 
two inputs. If the delayed signal from 
the detector stage arrives before the 
signal from the synchronizing-input 
stage (representing the detection of 

laser output before the Q-switch-trigger 
pulse), then the control stage sends a 
turnoff signal, to the output stage, 
which is a normally closed relay switch 
connected to the safety-interlock line of 
the laser power supply. The turnoff sig­
nal opens this switch , causing the 
power to be turned off. 

This work was done by George E. 
Lockard of Langley Research Center. 
For further information, write in 82 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, Langley Research Cen­
ter [see page 20). Refer to LAR-14 790. 

Compensating for Unbalance in Pulse-Code Phase Modulation 
Modulation index or data rate can be decreased, or power can be increased. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

An algorithm has been proposed for 
use in a pulse-code phase-modulation 
transmitter in which non-return-to-zero 
(NRZ) or biphase data are modulated 
directly onto a radio-frequency residual 
carrier signal. The algorithm was devised 
to compensate somewhat for the effect, 
upon a distant receiver, of unbalance in the 
stream of transmitted data. "Unbalance" 
as used here means inequality between 
the time-averaged number of transmitted 
+ 1 s and the time-averaged number of 
transmitted -1 s. Unbalance can give rise 
to spectral components that can degrade 
the ability of the receiver to track the phase 
of the carrier signal, as it must do to read 

NRZ P I cod use- e 
Phase Modulation 
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the data stream correctly. Serious degra­
dation can occur when the probability, p, 
of transmitting a + 1 pulse (also called 
"probability of mark") deviates from 1/2. 

The algorithm exploits the discovery 
that the effects of unbalance in the data 
can be mitigated to some extent by 
decreasing the modulation index: within 
limits, the symbol-error rate decreases 
with the modulation index. This is because 
as the modulation index decreases, (1) 
more power is allocated to the residual 
carrier (this causes phase jitter to 
decrease) and (2) less power is allocated 
to the dc component created by the 
unbalance (this causes interference with 
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This Simplified Diagram of the functional blocks of a transmitter shows the major actions 
that would be taken by a control unit implementing the algorithm to compensate for unbal­
ance in the data stream. 
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carrier tracking to decrease). 
Of course, while a decrease in the mod­

ulation index increases the carrier margin, 
it decreases the data margin. This consid­
eration places a limit on the improvement 
achievable solely by reducing the modula­
tion index. The data margin can be 
increased by decreasing the data rate, 
and both the data and carrier margins can 
be increased by increasing the transmitter 
power. Accordingly, the algorithm is for­
mulated to compute combinations of 
modulation index, data rate, and transmit­
ter power that compensate for the mea­
sured unbalance in the transmitted data 
stream (see figure). 

The steps of the algorithm can be sum­
marized as follows: 
1 . Compute the actual carrier and data 

margins for the communication link for 
the actual modulation index, m. 

2. Compute the threshold modulation 
index, mT, for the required data margin 
and data rate. 

3. Compute a modulation index, mopt, 
that results in a specified amount of 
degradation of the bit signal-to-noise 
ratio when p < 0.45. 

4. If m T S mopt < m, then one can reduce 
m to mopt without taking any other 
compensatory action. 

5. If m ~ mT > mopt, then reducing m to 
mopt would cause the data margin to 
become unacceptably low. The data 
rate must be decreased and/or the 
power increased. If additional transmit­
ter power is available, increase the 
power by an amount computed to 
maintain the required data margin. 

6. If m > mT > mopt and the transmitter 
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power cannot be increased, then 
decrease the data rate by an amount 
that maintains the required data margin. 

This work was done by TJen M. Nguyen 
and Sami M. Hinedi of Caltech for NASA's 
Jet Propulsion Laboratory. For further 

information, write in 261 on the TSP 
Request Car(l. 
NPO-19126 

Real-Time Connected-Element Radio-Interferometer System 
Receiving stations communicate data and time signals via optical fibers. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A real-time connected-element radio­
interferometer system incorporates two 
receiving stations, separated by a rela­
tively short baseline of only 21 km, that 
communicate via fiber-optic data and 

timing links. The system, located at 
NASA's Deep Space Network tracking 
complex at Goldstone, California, pro­
vides accuracies of 50 to 1 00 nanoradi­
ans for measuring angular positions of 
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interplanetary spacecraft and extra­
galactiC quasars. The overall system and 
various components may be adaptable 
to such terrestrial uses as navigation 
and the distribution of precise time and 
frequency reference signals. 

Figure 1 shows the principal function­
al blocks of the system. A 1 OO-MHz tim­
ing and frequency reference signal is 
generated at station A and transmitted 
to station B on one of two fiber-optic 
communication links. The radio signals 
received at each station are processed 
via a wideband data-acquisition terminal 
developed previously for use in very­
long-baseline interferometry. Each data­
acquisition terminal performs downcon­
version, sampling, 1-bit quantization, 
time-tagging, and formatting. The out­
put of each data-acquisition terminal is a 
112-Mbitls bit stream, which is sent to a 
real-time correlator at station B; in the 
case of the bit stream that originates at 
station A, the other fiber-optic link is the 
medium for transmission to the correla­
tor at station B. 

The real -time correlator performs 
cross-correlation of the A and B quan­
tized radio signals in as many as 14 dif­
ferent receiving frequency channels 
simultaneously. Bit streams from the 
2 sets of 14 channels first enter bit syn­
chronizers, which recover the radio-sig­
nal data and clock components, then 
pass to a 28-by-28 crossbar switch, 
which can be set by the user to connect 
any frequency channel to any correlator 
channel. The radio-signal data are then 
passed through digital delay lines, 
which are driven by 28 separate delay 
models sent from an external control 
computer to a station processor that is 
part of the correlator. The outputs of the 
delay lines are fed to both a tone­
extractor circuit board and a cross-cor­
relator circuit board. On the tone­
extractor board, there is 1 tone extrac­
tor for each channel, but it is time-mul­
tiplexed to enable 4 different tones to be 
extracted from each channel, and 
hence 112 different phase polynomial 
tone models are sent by the control 
computer to the station processor. 

The connections from the delay lines to 
the cross-correlator board are arranged 
to correlate the 14 A channels with the 
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Figure 1. Fiber-Optic Links and a Real-Time Correlator make it possible to compute 
radio-interferometric delays in real time. Even though the baseline is much shorter than in 
very-long-baseline interferometry, the delay measurement is precise enough to provide 
acceptable angular precision. 
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Figure 2. These Correlation Fringes were obtained in an initial test of the system, using 2.3-
and 8.4-GHz signals transmitted by the Magellan spacecraft on June 18, 1991 . 

corresponding 14 B channels. The user 
can choose to correlate 14 channels with 
8 lags each, 7 channels with 16 lags each, 
or 1 channel with 112 lags. The 112-lag 
option would normally be used for search­
ing clock delay with a delay range of 28 
j.Js. The cross-correlation board is driven 
by 14 phase models and 14 fractional 
delay models for each of the 2 receiving 
stations; these models are also generated 
by the external control computer and sent 
to the station processor. 

The output of the correlator, displayed 
in real time on a video terminal, shows the 

state and quality of the data being 
received from each station, plots of the 
correlation fringes for all channels versus 
time (see Figure 2), plots of the phases of 
all tones for one channel versus time, and 
plots of integrated delay and rate-of­
change-of-delay patterns for one channel. 

This work was done by Charles D. 
Edwards, David H. Rogstad, David N. 
Fort, Leslie A. White, and Byron A. lijima 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 80 on the TSP Request Card. 
NPO-18777. 
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Physical Sciences 

Liquid-Feed Methanol Fuel Cell With Membrane Electrolyte 
Advantages include relative simplicity and elimination of corrosive electrolytic solutions. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The figure illustrates a fuel cell that 
generates electricity from a direct liquid 
feed stream of methanol/water solution 
circulated in contact with an anode, plus 
a direct gaseous feed stream of air or 
oxygen in contact with a cathode. This 
cell offers an advantage of simplicity 
over some prior methanol fuel cells in 
which the methanol must be vaporized 
and humidified to form gaseous fuel 
feed streams. Unlike other prior liquid­
feed methanol fuel cells, this one does 
not contain a corrosive acid or alkaline 
electrolyte solution, which is hazardous 
and can react with other cell materials to 
form contaminants that degrade 
performance. The operation of this cell 
does not involve the complex water- and 
thermal-management systems of prior 
cells. Overall, this fuel cell offers the 
potential for reductions in the size, 
weight, and complexity, and for increas­
es in safety of fuel-cell systems. 

The electrolyte in this cell is a perfluo­
rinated polymeric membrane than can 
be maintained conductive by contact 
with the methanol/water solution. The 
membrane serves as both a proton­
exchange medium and a barrier that 
resists diffusion of methanol to the cath­
ode. The membrane also acts as a sep­
arator between the anode and cathode. 
The use of such a membrane electrolyte 
instead of liquid electrolytes mitigates 
the problem of parasitiC shunt currents 
in a fuel cell stack. Unlike corrosive liquid 
electrolytes, the solid electrolyte mem­
brane does not form contaminants that 
can degrade operation. 

The membrane electrolyte and the 
electrodes are formed into a unit by 
hot-pressing them together. The anode 
contains a platinum/ruthenium alloy 
that acts as a catalyst for the anode 
half-cell reaction (electro-oxidation of 
methanol). The anode is structured to 
permit the methanol, water, carbon 
dioxide, and hydrogen ions to diffuse 
through it. The cathode contains plat­
inum, which acts as a catalyst for the 
cathode half-cell reaction (electrore­
duction of oxygen). The cathode is also 
structured to permit gases to diffuse 
through it. Carbon dioxide generated in 
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the anode half-cell reaction diffuses 
out of the anode and forms bubbles 
that escape by rising through the 
methanol/water feed stream. Thus, dis­
posal of the carbon dioxide does not 
present a problem. 

This work was done by Subbarao 
Surampudi, S. R. Narayanan, Gerald 
Halpert, Harvey Frank, and Eugene 
Vamos of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 106 on the TSP 
Request Card. 

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

William T. Callaghan, Manager 
Technology Commercialization 
JPL -301-350 
4800 Oak Grove Drive 
Pasadena, CA 91109 
Refer to NPO-19046, volume and 

number of this NASA Tech Briefs issue, 
and the page number. 
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Feed Stream: 
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Anode Half-Cell Reaction: CH30H + H20 _ CO2 + 6H+ + 6e-

Cathode Half-Cell Reaction: O2 + 4H+ + 4e- _ 2H20 

Overall Cell Reaction: CH30H + 1.5 O2 - CO2 + 2H20 

This Fuel Cell is fed directly by streams of methanol/water solution and air (or oxygen). A lab­
oratory version of this cell delivered a potential of 0.53 V at a current density of 100 mAlcm2 

and 0.48 V at 300 mAlcm2. These voltage and current levels are higher than those of prior 
direct-oxidation methanol fuel cells and are high enough to warrant consideration for practical 
applications. 
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Improved Linear-lon-Trap Frequency Standard 
Some previous design constraints could be relaxed. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

M improved design concept for a linear­
ion-trap (UT) frequency-standard appara­
tus has been proposed. The improved 
design is intended to increase the long­
term frequency stability of the apparatus 
while reducing its size, mass, and cost. 

To explain the improved design, it is 
necessary to first explain the basic princi­
ple of operation. A linear-ion-trap fre­
quency standard of the type now in use 
(see Figure 1) includes a four-bar linear 
ion trap in a precisely defined magnetic 
field shielded from disturbance by the 
ambient magnetic field. Mercury ions are 
created in the trap by a pulse of electrons 
onto a weak vapor of neutral mercury 
atoms. The basic operation of this and 
other atomic frequency standards is a 
comparison between (1) a stable refer­
ence frequency of the trapped ions acting 
as an atomic oscillator and (2) the fre­
quency, multiplied by a known integer, of 
a local or "flywheel" oscillator that one 
seeks to standardize by making it res­
onate with the atomic oscillator. 

The ions must be prepared for this 
comparison in a way that creates a differ­
ence between the populations of ions in 
the hyperfine levels of the ground state. 
This preparation is effected by optical 
pumping with ultraviolet light from a laser 
or a discharge lamp. After preparation, 
the laser or lamp is turned off and the 
ions are irradiated by a microwave pulse 
at the multiplied local-oscillator frequen­
cy. After the microwave pulse, the laser or 
lamp is turned on again and the intensity 
of fluorescent light emitted by the ions is 
measured to determine whether the 
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microwave radiation has changed the 
population of the hyperfine levels: MY 
deviation of the multiplied frequency of 
the local oscillator from the reference 
atomic frequency changes the intensity 
of the fluorescent light measured when 
the laser or lamp is turned on. These 
changes are converted to a voltage that 
is fed back to the frequency-control port 
of the local oscillator to keep it tuned to 
the reference atomic frequency. 

The physical basis for the improved 
design lies in the observation that ions 
can be moved along the axis of the trap 
by use of applied dc voltages. This 
makes it possible to separate the state­
preparation/fluorescence-interrogation 
region from the more critical microwave­
resonance region. The separation would 
make it feasible to relax some of the 
constraints on the designs of present 
units. For example, the microwave-reso­
nance region could be designed with no 
consideration of optical issues. A simple 
set of cylindrical shields and solenoid 
could supply a very nearly uniform and 
stable magnetic environment; in the pro­
posed configuration shown in Figure 2, 
the volume of the microwave-resonance 
region would be about a hundredth of 
that of present units because the diame­
ter of the magnetic shields would be 
about a tenth that of present units. 
Inasmuch as the temperature of the 
apparatus must be regulated and the 
temperature of the microwave-reso­
nance region must be regulated most 
strictly, the reduction in size could simpli­
fy the problem of thermal control. 

Similarly, the optical state-prepar­
ationlinterrogation region could be 
designed without concem for magnetic 
fields that could perturb the micro­
wave/atomic resonance. In practice, this 
means that the optical components would 
no longer be required to be nonmagnetic 
as in the previous design and that as a 
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Figure 1. In the Present Frequency-Standard 
Apparatus, 199Hg+ ions are prepared in the 
appropriate quantum-state populations, 
exposed to microwaves from a local oscilla­
tor, and interrogated optically for deviation of 
the microwaves from resonance with a hyper­
fine transition of the ions. All processing of 
ions takes place in the same volume in a lin­
ear ion trap in an applied magnetic field in a 
magnetically shielded housing. The appara­
tus is about 2 m high by 1 m on a side. 
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consequence, cheaper and smaller optical components and asso­
ciated hardware could be used. Relaxation of the requirement of 
nonmagnetism in this region would also simplify the design of the 
electron gun and its power supply because of reduction in concem 
about suppressing stray magnetic fields generated by filament 
supply currents. 

Finally, the largest shift in frequency and the potential instability 
could be reduced greatly by selecting a somewhat greater trapping 
length in the resonance region. The shift in frequency stems from 
the nonzero diameter of the ion cloud: ions spend time in regions 
of large radio-frequency trapping fields, where their motions result 
in frequency pulling via the second-order Doppler or relatMstic 
time-dilatation effect. The magnitude of this shift is proportional to 
the linear ion density; that is, the number of ions per unit length. AIl 
increase in the resonance trapping length to about 200 mm would 
reduce, to about a fourth of the present value, the sensitMty of the 
apparatus to variations in the number of ions. 

This work was done by John D. Prestage of Caltech for 
NASA's Jet Propulsion Laboratory. For further information, 
write in 15 on the TSP Request Card. 

This invention is owned by NASA, and a patent application has 
been filed. Inquiries conceming 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-19081. 
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Figure 2. The Proposed Frequency-Standard Apparatus would 
contain a lengthened linear ion trap, and ions would be processed 
alternately in two regions: the ions would be prepared in the upper 
region of the trap, then transported to the lower region for exposure 
to the microwave radiation, then returned to the upper region for opti­
cal interrogation. The overall dimensions of the apparatus would be 
about 10 by 50 cm. 

Flow Splitter for Measuring 
Large Leaks 
The range of a sensitive leak detector is extended. 
Lyndon B. Johnson Space Center; Houston, Texas 

A flow splitter increases the size of a leak that can be mea­
sured by a helium mass-spectrometer leak detector. Ordinarily, 
such a leak detector can measure leakage of helium at rates no 
greater than 1 x 10-5 standard cm3/s. The flow splitter multiplies 
the maximum measurable rate of leakage by a factor of 1 ,000. 

The flow splitter is a manifold that can be adjusted to send only 
a small portion of the flow - typically 0.1 percent - to the leak 
detector. The manifold (see figure) contains three valves and a 
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FLOW SPLITIER AND CALIBRATED LEAK SOURCE 

Leaking Gas Flows into the manifold, where a small fraction of the flow is diverted to a leak detec­
tor. The bulk of the flow - typically 99.9 percent - is removed by the mechanical vacuum pump. 

thermocouple vacuum transducer. It 
includes compression O-ring fittings that 
provide for quick attachment to the source 
of the leak, the leak detector, and a large­
capacity mechanical vacuum pump. 

The setup is calibrated prior to mea­
surement of a leak. First, a multi rate cali­
brated leak source is connected to the 
manifold in place of the source that con­
tains the leak to be measured. A techni­
cian adjusts the valves to make the 
desired fraction of total flow register on the 
leak detector. Then by use of all the cali­
brated rates of the calibrated leak source, 
the technician creates a calibration error 

curve. Typically, the curve is nearly linear. A 
leak of unknown size within the range of 
this curve can be quantified. 

Maintaining the same valve settings, 
the technician then replaces the calibrat­
ed source with the true source that con­
tains the leak to be measured. The rate of 
leakage is determined by relating the 
leak-detector reading to the calibration 
curve. The vacuum transducer monitors 
manifold pressure. 

This work was done by William S. Hyatt 
of BaJl Corp. for Johnson Space Center. 
No further documentation is available. 
MSC-22042 
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Pulsed-Microwave 
Electrothermal Thrustors 
Pulsed operation is expected to suppress 
instabilities seen in continuous operation. 

NASA's Jet Propulsion Laboratory, 
Pasadena, California 

Pulsed-microwave electrothermal thrustors are being investi­
gated as alternatives to continuous-microwave electrothermal 
thrustors. (An electrothermal thrustor is a device in which a pro­
pellant gas is heated electrically in a chamber, causing it to 
expand and flow out of the chamber through a nozzle to create 
thrust.) Although the pulsed-microwave electrothermal thrus­
tors were originally intended for use in spacecraft propulsion 
systems, they may also prove useful on Earth in some materi­
al-processing and manufacturing applications. 

The design of a microwave-heated electrothermal thrustor in­
volves, among other things, a choice of microwave frequency 
and dimensions of the chamber (regarded as a waveguide or 
resonant cavity) to support a speCified electromagnetic mode in 
which the microwave electrical field is concentrated in a region 
away from the walls. The microwave power supplied to the 
chamber must be sufficient to initiate and sustain an electric 
discharge in the propellant gas in this region. Cold propellant 
gas that flows across the discharge plasma is heated by a 
combination of conduction, diffusion, radiation, and convec­
tion. Placement of the discharge away from the walls reduces 
the loss of heat and erosion of the walls. 

In experiments in which microwave power was supplied to 
the chambers continuously, the discharges exhibited instability 
in that they tended to move toward the microwave power 
sources. This phenomenon gave rise to the present concept of 
using pulsed instead of continuous microwave power: after 
each short heating pulse, the discharge is extinguished and 
thereby prevented from moving a significant distance toward 
the microwave power source. Any ionized gas remaining 
upstream after the pulse would be swept back downstream, 

Coaxial Probe 
(Aluminum) 

Dielectric Septum 

Chamber Wall 
(Aluminum) 

Cold Propallant 
Ga. Rowing 
In Through 
Gas Inlets 
In SideWall 

Pulsed Microwave Power, delivered via the coaxial probe, would be 
focused in a region near the outlet, where it would heat the propel­
lant gas and form a plasma. Pulsing would suppress the tendency of 
the plasma to move upstream toward the probe. 
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into and through the discharge region, by 
the flow of cold propellant gas. 

The figure illustrates part of a concep­
tual cylindrical pulsed-microwave elec­
trothermal heater similar to one that is 
being used in experiments to test the 
feasibility of the concept. Microwave 
power would be supplied to the chamber 
by a coaxial probe. The probe and cavity 

would be designed to support the TM011 
mode, which features two maximums of 
the electromagnetic field on the cylindri­
cal axis: one in the vicinity of the probe 
and one at the lower end of the chamber, 
just above the outlet to the nozzle. By 
use of a dielectric (e.g. , quartz) septum, 
the propellant gas could be kept away 
from the probe, thus allowing the dis-

charge to occur only at the desired posi­
tion near the outlet. 

This work was done by Juergen 
Mueller and Joel C. Sercel of Caltech for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 78 on 
the TSP Request Card. 
NPO-18766 

A Real-Time Nonvolatile Residue (NVR) Monitor 
Preliminary measurements confirm expectations. 
John F. Kennedy Space Center, Florida 

This work is a new development and 
application of the device described in 
"Surface-Acoustic-Wave Piezoelectric 
Microbalance," NASA Tech Briefs, Vol. 
17, No.4 (April, 1993), page 42. The 
active sensing element of the Real­
Time NVR Monitor comprises a pair of 
piezoelectric surface-acoustic-wave 
resonators that resonate at a frequency 
of 200 MHz. A bare, uncoated res­
onator is exposed to the atmosphere 
and directly in contact with airborne 
volatile and nonvolatile materials that 
leave residues on its surface. The reso­
nant frequency of the exposed res­
onator decreases with increasing mass 
of adsorbed residue; the resulting beat 
frequency between the two resonators 
increases with the mass and thus 
serves as a sensitive real-time indica­
tion of airborne contaminants or non­
volatile residue. A two-week test of a 
prototype instrument inside a Kennedy 
Space Center clean room confirmed 
that the device performed well and 
according to design calculations. A 
gradual increase in the beat-frequency 
shift with superimposed fluctuations 
was observed (see figure). The gradual 
monotonic increase in signal was attrib­
uted to the accumulation of back­
ground nonvolatile residues , whereas 
the fluctuations were attributed to a 
combination of (1) variations in the lev­
els of both volatile and nonvolatile con­
taminants correlated with daily work 
schedules, and (2) adsorption and des-

orption of the volatile contaminants. 
This work was done by William O. 

Bowers and Raymond L. Chuan of 
Femtometrics for Kennedy Space 
Center. No further documentation is 
available. 

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 

Or. W. O. Bowers 
Femtometrics 
1001 W. 17th St. Suite R 
Costa Mesa, CA 92627 
Refer to KSC-11614, volume and 

number of this NASA Tech Briefs issue, 
and the page number. 
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This Beat-Frequency Shift-vs.-Time plot was recorded on a temperature-controlled surface­
acoustic-wave-resonator real-time NVR monitor over a two-week period. The increases in beat­
frequency shift correspond to mass accumulation on the sensing crystal. A 1 ~O-Hz shift is equal 
to 2 ng/cm2. Total mass accumulation over the period is 15.3 ng/cm2 or 1 ng/cm2 per day. 

Broadband, High-Temperature Ultrasonic Transducer 
Materials are chosen for endurance at high temperatures and acoustic coupling and damping. 
Langley Research Center, Hampton, Virginia 

An acoustic transducer is designed to 
exhibit broad frequency response and to 
survive temperatures close to the melting 
points of brazing alloys. It can be 

58 

attached directly and continuously to a 
hot object to be monitored ultrasonically: 
for example, it can be attached to a rela­
tively cool spot on a workpiece during 

brazing for taking ultrasonic quality-con­
trol measurements. 

The transducer is a layered structure 
based on a piezoelectric layer of lithium 
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niobate. A 1000-A layer of platinum is deposited on one surface 
of the piezoelectric layer. Brazing alloy is melted onto a layer of 
copper 1/16 in . (about 1.6 mm) thick, which serves as a sub­
strate and an acoustic-coupling material. The brazing-alloy­
coated copper is polished flat. 

A shim of brazing alloy is placed between the platinum-coat­
ed surface of the lithium niobate and the polished brazing-alloy­
coated copper, and then the copper is brazed to the platinum. 
Bumps of brazing alloy are applied to the copper at various 
positions near the lithium niobate to provide for subsequent 
attachment of the ground braid (shield) of a coaxial cable and of 
a cover to hold the assembly together. After brazing, the 
exposed face of the copper is repolished flat. 

On the face of the lithium niobate opposite the platinum­
coated face, the following layers are added: graphite foil; a flat, 
parallel electrode plate with a coaxial lead; and an electrical 
insulator. Optionally, a ceramic frame can be placed around the 
assembly to insulate the layers electrically and hold them in 
place. The ground braid of the coaxial cable is then spot-weld­
ed to the brazing-alloy bumps. 

The polished copper layer is left exposed and is pressed 
directly against the object to be monitored ultrasonically. 
Copper was selected as the acoustic-coupling material 
because its thermal expansion nearly equals that of lithium nio­
bate; this minimizes differential-thermal-expansion stresses that 
could otherwise be large enough to crack the transducer during 
heating or cooling. In addition, the acoustic impedance of cop­
per lies midway between those of lithium niobate and steel (a 
typical object to be monitored could be made of steel) so that it 
couples acoustic signals between the two materials with mini­
mum loss. 

The graphite-foil layer helps to distribute the coupling pres­
sure evenly over the lithium niobate. The graphite is soft and 
electrically conductive and withstands high and low tempera­
tures. The braze between the copper and the platinum coat on 
the lithium niobate gives rise to sufficient damping to provide the 
desired broadband frequency response. 

This work was done by F. Raymond Parker, William P. 
Winfree, and Danny A. Barrows of Langley Research Center. 
For further information, write in 38 on the TSP Request Card. 
LAR-14615 

Higher-Sensitivity Ionization 
Trace-Species Detector 
The electron source and electron optics are 
modified to increase output. 

NASA's Jet Propulsion Laboratory, 
Pasadena, California 

The electron source and electron optics of a reversal electron­
attachment detector have been modified to increase its sensitiv­
ity. The original version of this apparatus was described in "High­
Sensitivity Ionization Trace-Species Detector" (NPO-17596). 
NASA Tech Briefs, Vol. 14, No.2 (February 1990) page 38. The 
apparatus is used to detect molecules of a particular chemical 
species of interest (e.g., narcotics, explosives, or organic wastes) 
that may be present in the air at low concentrations, and which 
are known to attach extremely low-energy electrons. The appa­
ratus does this by ionizing molecules from the sampled atmos­
phere, then detecting the ions of the species of interest. 

Uke the original version of the apparatus, the modified rever-
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FREE 
Data Acquisition 
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from the inventors of 

plug-in data acquisition. 

Featuring new low-cost 

AID boards optimized 

for Windows, 

DSP Data Acquisition, 
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Windows software. 
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technical tips and 
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American Data Acquisition Corporation 
70 Tower Office Park, Woburn, MA 01801 
phone 617-935-3200 fax 617-938-6553 
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sal electron-attachment detector (see fig­
ure) includes a cathode at electrostatic 
potential VI that is heated to emit elec­
trons, plus a number of other electrodes 
at various electrostatic potentials. 
Together, these other electrodes act as an 
electron-optical system that extracts elec­
trons from the cathode, then accelerates 
and focuses the electrons into an electro­
static mirror, wherein the electrons are 
decelerated to zero longitudinal velocity 
and nearly zero radial velocity at reversal 
plane R. A small sample of the atmos­
phere to be tested is injected into the vac­
uum of the apparatus at R. The kinetic 
energy of the electrons at R is low enough 
that some electrons become attached to 
the molecules of interest, forming either 
parent negative ions, and/or fragment 
ions through dissociative attachment. 

The voltages Vs' V6 , and V7 on the 
electrodes of the electrostatic mirror are 
square-wave modulated by electronic 
switches 81, 82, and 83 in such a way 
that during the first half of the modulation 
cycle, the electron beam is brought to R 
to ionize the molecules in a field-free 
region, then during the second half of 
the cycle, the negative ions are extract­
ed. The extracted ions are deflected by a 
90° electrostatic analyzer (which helps to 
ensure that only negative ions pass 
through) and focused into a quadrupole 
mass spectrometer. The ion signal of the 
mass spectrometer is produced by a 

channel electron multiplier, amplified, 
and fed to a pulse counter and a multi­
channel analyzer. 

The electron emitter in the original ver­
sion of the apparatus was planar. The 
emitter in the modified apparatus is an 
indirectly heated spherical cathode, which 
has a larger emission area and therefore 
emits a larger electron current than did the 
planar cathode. Because of the larger cur­
rent, the electrode system had to be 
redesigned: this was done with the help of 
a computer program written specifically to 
analyze electrostatic fields and trajectories 
of electrons in those fields, including the 
effects of space charge. The apparatus 
was tested to determine its sensitivity in 
the detection of small amounts of known 
molecules carried in nitrogen gas. For 
example, in the case of 10 parts per trillion 
of carbon tetrachloride in nitrogen, the 
modified apparatus put out a Signal about 
25 times that of the original version. 

This work was done by Said 
Boumsellek and Ara Chuljian of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, write in 83 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-18870. 
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The Modified Reversal Electron-Attachment Detector features an indirectly heated spheri­
cal cathode and redesigned electron optics that, together, deliver more electrons at low kinetic 
energy to the reversal plane, R. The greater electron current generates more ions for detection. 
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the Reader Action Request Form (page 66) 

SHORT HAUL 
MODEMS FOR 
EXTENDING 
RS232 AND 
RS422 SIGNALS 
The new CAT Series shorr 

haul modems from OMEGA extend the transmission 
distance of serial communication links. RS232, one of 
the more popular communication standards, suppor£s 
very limited transmission di5[ances. With OMEGA's 
shorr haul modems, these distances can be easily extend­
ed to several miles. For more informacion on this new 
product, contact OMEGA Engineering. Inc.; or use OUt 
OMEGAfax'm service to request Document '6271 by 
calling 800-848-4271 from any Touch-Tone phone. 

OMEGA Engineering, Inc. 
For More Information Write In No. 300 

NEW ULTRA­
HIGH PERFOR­
MANCE DATA 
ACQUISITION 
BOARD 
OMEGA's new WIN-30D 

board is an ultra-high performance multifunction analog 
and digital input/output board designed fot PeAT com­
patible computers. The WIN-30D offers full I MHZ 
throughput wing advanced technology, including data 
packing and a choice of DMA. I-bit rep string operation 
or 32-bit rep suing operation for the uldmate in perfor­
mance. Contact OMEGA Engineering, lnc.; or use our 
OMEGAfuIm service to request Dorument 16266 by 
calling 800-848-4271 from any Touch-Tone phone. 

OMEGA Engineering, Inc. 
For More Information Write In No. 303 

HIGHLY 
ACCURATE 
TEMPSCAN ... 
HIGH-SPEED 
TEMPERATURE 
AND PROCESS 
MONITORING 

OMEGA's new OMB-TEMPSCAN-I000 monitoring 
system for temperature and orner process sensors can 
monitor up to 992 channels at rares as high as 960 sam­
ples per second with 16-bir resolurion. This is the first 
32-channel moniror under $2000. Contacr OMEGA 
Engineering. Inc.; or use our OMEGAfax"D service to 
request Document #6255 by calling 800-848-4271 from 
any Touch-Tone phone. 

OMEGA Engineering, Inc. 
For More Information Write In No. 306 
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~ 
NEWDIGITALVO 
INTERFACES 
UNIQUE TO PC 
PLUG-IN DATA 
ACQUISITION 
AREA 

OMEGA's new OMD-5600 Series digital input/outpUt 
(110) boards are unique. The design simplifies signal 
connections and diminares costs associated with external 
signal conditioners, cables and power supplies. Models 
are available with up ro 32 110 lines and supporr a vari­
ery of input and ourput volrage levels. Priced from $295. 
For more information, contae< OMEGA Engineering. 
Inc. ; or request OMEGAfusm Document '6260 by 
calling 800-848-4271 from any Touch-Tone phone. 

For More Information Write In No. 301 

~ ~ 
FOUR­
CHANNEL 
ASYNCHRON­
OUSSERIAL 
COMMUNI-
CATION CARD 

OMEGA brings you the OMG-VERSA-COMM4 RS232 
serial communication card for IBM PClXT/AT and com­
patibles. Based on the 16550 FIFO-buffered UART, this 
card is compatible wirh the IBM asynchronous serial 
adaprer. Ir also provides an enhanced mode to supporr 
maximum data transmission rates. Contact OMEGA 
Engineering, Lnc.; or use our OMEGAfusm service to 
requat Documeot #6300 by calling 800-848-4271 from 
any Touch-Tone phone. 

For More Information Write In No. 304 

OMB-MULTI­
SCAN-1200 
HIGH SPEED 
ISOLATED 
TEMPERATURE! 
VOLTACE 
MERFACE 

The unit featUtes channd-to-channd isolation for temper­
ature and volrage measUtements. Its high speed scan rare 
allows the operacor co scan inputs at a rate of 147 channels 
per second. System expansion up CO 744 channels is avail­
able. On-board memory storage of 256 kBytes is standard 
and is expandable up to 8 MBytes. Contact OMEGA 
Engineering Inc., or use our OMEGAfaxsm service to 

requesr Documeot #6321 by calling 800-848-4271. 

OMEGA Engineering, Inc. 
For More Information Write In No. 307 

I~I 
ISOLATED 
TWO/FOUR 
SERIAL PORT VO 
WITH EXTEND­
ED AT INTER­
RUPTS 

OMEGA's new OMG-ISO-COMM boards have rwo or 
four isolated RS-4221485/232 portS with extended AT 
inrerruptS for DOS and Windows software. Based on the 
16550 UART, these boards provide rwo or four serial 
porn each with 500 V of electrical isolarion. For more 
information on this new product, comact OMEGA 
Engineering, Inc. i or use our OMEGAfaxsm service to 

request Document #6292 by calling 800-848-4271 
from any Touch-Tone phone. 

OMEGA Engineering, Inc. 
For More Information Write In No. 302 

UNIVERSAL 
INPUT PLUG-IN 
CARD FOR DATA 
ACQUISITION 
AND CONTROL 
OMEGA's new UPC-600 

Series plug-in cards for the IBM PCIXT/AT and com­
patible computers supporr sample rates up to 20,000 
samples per second with 14-bit resolution. UPC-600 
series plug-in cards accept up to 16 analog sensor inputs 
directly without any external signal conditioning. 
Thermocouples, RID's, potentiometers, thermistors, 
strain gages, and L VDTs may be wired directly ro the 
card. Contact OMEGA Engineering, Inc.; or use our 
OMEGAfax'm service ro request DocumeJlt 16256 by 
calling 800-848-4271 from any Touch-Tone phone. 

OMEGA Engineering, Inc. 
For More Information Write In No. 305 

HIGH-SPEED 
DATA ACQUISI­
TION SYSTEM 
FOR NOTE­
BOOK AND 
DESKTOP PCS 

OMEGA's new OMB-DAQ.BOOK-IOO system pro­
vides high-speed multi-funcdon dara acquisidon capabili­
ty for portable rest applications. Features include: 16 ana­
log inputs, expandable to 256; 2 analog Outputs; 24 gen­
eral-pUtpOse I/O channels, expandable to 192; 16 high­
speed digital inputs; and 5 frequency/pulse 110 channels. 
Contact OMEGA Engineering, Inc.; or use our 
OMEGAfax'm service co requar Document #6256 by 
calling 800-848-4271 from any Touch-Tone phone. 

OMEGA Engineering, Inc. 
For More Information Write In No. 308 
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DesIgn Engineering Product Showca •• 
SPRING 
POWER 
DESIGN 
LITERATURE 
Amuek Hunter Spring 
Bulletin FS-201 provides 
complete descriptive and 
technical data for broad 
line of stock and custom 
spring powered devices. 
Product information cov-
ers SPIR'ATOR pre­

Stressed spiral springs. NEG'ATOR consrant force exten­
sion springs and spring motOrs, as well as other power 
spring packages and stock mechanical rttIs. Tel: 215-257-
6531; Fax: 215-257-4711. 

AMETEK U.S. Gauge Division 
For More Information Write In No. 310 

FREE CATALOG 
"OPTICS FOR 
INDUSTRY" 
Free 130 page catalog from 
Rolyn, world's largest suppU­
er of ·Off-the-Shdf" optics. 
24-bour delivery of simple or 
compound lenses, fiicers, 
prisms. mirrors, beamspli{~ 
ters, recicles, objectives. eye­
pieces, plus thousands of 

other Stock items. At off-the-shdf prices. Roly" also sup­
plies custOm products and coatings in protorype or pro­
duaion quantities. 

Rolyn Optics 
706 Arrow Grand Circle, Covina, CA 91722-2199 

Tel: 818-915-5707; Fax: 818-915-1379. 

For More Information Write In No. 313 

DE-STA-CO 
The World of Clamping 
Catalog 894 describes and 
illustrates tOggle and special 
clamps with vertical and 
horizontal hold-down, 
straightline, latch, and 
squeeze acrion. Spacing 
productS, hydraulic devices, 
and CAD database are cov­
ered along with applica-
tions. De-Sta-Co, Box 
2800, Troy, MI 48007; 
Tel: 810-589-2008; 800-
245-2759. 

De-Sta-Co 
For More Information Write In No. 316 

COMPACT 
ULTRASONIC 
THICKNESS 
GAUGE 
The T-Mike ES brings the 
latesc technological dimen­
sion to StressTeI's product 
line. Features: High Speed 
Scanning; LED Alarm 
lights; Differential Func-
tion; Data Send; amber 

colored aircraft-sryle display; Auto Probe Zero; Size is 
2.5" X 4.5" X 1.25"; weighs 11 01.. with batteries; extend­
ed battery life; and 2 year warranry. StressTei offers a 
comple<e line of ultrasonic nondestructive testing equip­
ment. Tel: 408-438-6300; Fax: 408-438-7917. 

For More Information Write In No. 319 

The NEC vibration isolators effectively remove turbo­
molecular and cryopump vibrations. Two models are 
available in elastomer and air isolated versions. They are 
UHV compatible, have shon insertion lengths and high 
conductance. A wide variery of flanges are available. 

National Electrostatics Corp. 

For More Information Write In No. 311 

PROGRAMMA­
BLE FIBER 
OPTIC BEAM 
SENSOR 
Brochure on the new 
SUNX FX7 fiber optic 
beam sensor which offers 
high sensitiviry at the touch 
of a button. Serting the sen­
sirivicy is a 2-srcp process: 
press the ·on" button when 

the object to be sensed is present; press the 'off" bunon 
when the object is absent. The DIN railmOUDt amplifier 
requires 12 ro 24 V dc and has an PN open collector 
output with a response time of 0.5 msec. Tel: 800-280-
6933; Fax: 515-225-0063. 

SUNX Sensors 
For More Information Write In No. 314 .. .. . ", .. , 
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• SPECIALTY rvET ALS 

REFRACTORY 
METALS 
DELIVER PER­
FORMANCE BY 
DESIGN 
Climax Specialry Metals is 
the world's largeSt totally 
integrated source for 
molybdenum, from the 
mine to fabricated prod­
UCts. We make molybde­

num billets, forging bar, rod, plate, sheet, foil , and extru­
sions, plus molybdenum powder for powder metallurgy 
spray applications. Also available are tungsten products, 
clad-metal sysrems, and machined and scamped compo­
nents. Tel: 216-692-3007; Fax: 216-692-0029. 

Climax Specialty Metals 
For More Information Write In No. 317 

QUIT GUESS­
ING, SIMULATE 
IT WITH 
VisSim™ 
VisSim is the ideal environ­
mem for nonlinear dynamic 
simulacion. The highly inter­
active visual Windows TM 

interface lets you develop 
complex models and test 
new ideas quickly and easily 

without writing a line of code. Call: 508-392-0 I 00; Fax: 
508-692-3102. FREE WORKING DEMO. Visual 
Solutions, Inc., 487 Groton Rd., Westford, MA 01886. 

Visual Solutions, Inc. 

For More Information Write In No. 320 

'SMART' HIGH­
POWERED 
ACTUATORS 
Get fa.st-acring, high-force 
actuators driven by 
ETREMA TERFENOL­
OS, tbe magnetic shape 
change metal with the high­
est strain of any commer­
cial transducer material. 
ETREMA offers stan dud 
and custom aCtuators, TER­

FENOL-D materials, and complete custom design and 
manufacture. Call 800-327-7291 for applications assis­
tance. ETREMA ProductS Inc., 2500 Nonb Loop Drive, 
Ames, 1A 50010; Tel: 515-296-8030; Fax: 515-296-7168. 

ETREMA Products Inc. 
For More Information Write In No. 312 

CUSTOM 
ELECTRO­
FORMS 
Rugged, light weight e1ec­
troforms can be used down 
ro -423 OF or up ro 1000 
OF. Diameters from 0.030" 
- 8" with wall thicknesses 
from 0.0003" to 0.025"can 
be supplied. Can be made 

an integral unit with a bellows, eliminacing welding or 
soldering. Servometer Corporation, 501 Little Falls Rd., 
Cedar Grove, NJ 07009-1291; Tel: 201-785-4630; Fax: 
800-785-0756; Fax (outside USA): 201-785-0756. 

Servometer Corporation 

For More Information Write In No. 315 

STROBO­
SCOPES, 
TACHOMETERS 
& PAPERLESS 
RECORDERS 
Portable/Machine 
Stroboscopes 1-32,500 
FPM, Phase Shifting/inter­
nal rechargeable batter­
ies/mains. Portable/Panei 
Tachometers/Countersl 

Timers. Optical, Laser, Infrared, Proximiry, Magnetic 
Sensors. 1-999,999 RPM, Outputs & Alums. Data­
CbartS oneltwo channel Paperless Recorder. 
GraphicslDigitailDatemme on high resolution LCD 
and PC Compatible Memory Card. 

Monarch Instrument 
For More Information Write In No. 318 

DESIGN DATA 

FIBERGLASS 
EPOXY 

FIBERGLASS 
LAMINATED 
EPOXY 155°C 
Design Data pamphlet fea­
tured materials, properties, 
and tolerances for glass 
epoxy components. It 
shows designers how to 
specify from open stock 
tools, for potting forms, 
bobbins, coil forms, struc-
[Urals, and circuit board 

manuf.ocruring aids. Stevens Products, Inc., 128 N. Park 
St., E. Orange, NJ 07019. Tel: 201-672-2140. 

Stevens Products, Inc. 

For More Information Write In No. 321 
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CALIBRATION 
STANDARDS 
CATALOG 
Free 1995 catalog of 
meuology calibration Stan­
dards for surface contami­
nation, critical dimensions, 
fUm thickness, surface pro­
filing, characterization and 
more. Important for ISO 
9000 certification. From 
VLSI Standards, 3087 

North Fi.rst St., San Jose, CA 95134; Tel: 408-428-1800; 
Fax: 408-428-9555. 

VLSI Standards 

For More Information W rite In No. 322 

PIC BELTS AND PULLEYS ... 
THE MOST COMPLETE LINE 

PIC Design now ofTers a comple« line of belts and pul­
leys for precision positioning and light power ttansmis· 
sion. PIC No-SlipThl Series fearures backlash-free oper· 
ation, while No-Slipe ThI belts are ideal fot space-saving 
designs. Other belts are available for almost any tange 
of applications. PIC Design; Tel: 800-243-6125; or 
203-758-8272; Fax: 203-758-827 1. 

PIC Design 
For More Info rmation Write In No. 325 

GCL CAM AND 
DRAW LOCKS 
New Brochure presenrs 
Guden's complete line of 
GCL Cam and Drawer 
Locks to complement their 
hinge, latch, handle and 
gas spring productS. FuJI 
variery of stock items ready 
for immedia.te shipment, 
plus customized locks. 
Guden is celebrating their 

75th Anniversary, and is now certified by UL to ISO 
9002. H .A. Guden Co. , Inc., 99 Raynor Ave., 
Ronkonkoma, NY 11779; Tel: 800-344-6437; 516-737-
2900; Fax: 516-737-2933. 

H.A. Guden CO., Inc. 
For More Information Wtite In No. 328 

FUZZY LOGIC TOOLS 
Apply fuzzy logic interactively with CubiCale's built-in 
simulation language, plots, fi le I/O and other features. 
Or use Cub iCard'. integrated data acquisition board and 
drive external hardware directly. 

HyperLogic Corporation 
Tel: 619-746-2765; Fax: 619-746-4089. 

For More Information Write In No. 331 
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MINIATURE 
STROKE BALL 
BEARINGS 
• Compact bearings with 
high accutacy that can 
achieve rolling motion and 
reciprocating motion at the 
samecime. 

• Can obtain stable perfor­
mance through long time 
opera,cion wimou[' stick 
slip. 

• Suitable for the equip­
ments of very high accura­
cy andlor compact parts. 

IKO International Inc. 

For More Information Write In No. 323 

PRECtSlON UNEAR SUOE 

BSp·SSPG·BSR 

PRECISION 
LINEAR SLIDE 
• Superior corrosi.on resis­
rance: stain less seed made. 
• Lighrweight and compact. 
• Smooth and quite morion. 
• High accuracy and stable 
performance. 
• Contaminant-free qualiry 
contcol. 

• High safery. 

IKO International Inc. 

For More Information W rite In No. 326 

CRW"'SL 

STAINLESS 
CROSSED 
ROLLER WAY 
• Superior corrosion resis­
tance/stainless Steel made. 
• Exuemely high accuracy. 
• Very smooth opetarion. 
• Easy moun ring. 

IKO International Inc. 
For More Information Write In No. 329 

IllIlIllClDSSED IIIl.lEi BEAR INGS 
HIth~O<fity~, 

CRBH 
CROSSED 
ROLLER 
BEARING: 
HIGH RIGIDI­
TYTYPE 
• The inner and outer 
rings of this bearing are 
one piece construction 
(non-separate type) 
respectively. 
• Widely used in appli­

cations tequiting high rigirliry, high rotation accuracy 
and compacr size such as Indusuial robots, rotational 
tables of machine tOols/merlical equipment. 

IKO International Inc. 

For More Information Write In No. 332 

LWL'LWLF 
MINIATURE 
LINEAR WAYS 
• Evolution of linear way. 
• Steel balls are securely 
retained. 
• Slide units can be sepa­
rated from the rail freely. 
• Installation and assembly 
on the equipment are easy. 

• Trouble-free is achieved. 

IKO International Inc. 

For More Information Write In No. 324 

S1 WAY H 

LWHS" 'SL 

STAINLESS 
LINEAR WAY 
• Excellent corrosion 
resistance. 
• Large load capaciry in 
any direction. 
• Excellent suength under 
moment load and complex 
load. 

• High accuracy with 
simple Structure. 

• High rigirlity and good 
absorption of vibration. 

IKO International Inc. 
For More Information Write In No. 327 

SUPER HIGH­
LEAD BALL 
SCREWS 
• Three-scan thread 
grooves for well-balanced 
movement. 

• Newly developed end 
cap recirculating system 
provides smooth 
movement. 

• Hardened end cap 
ensures long life. 

• Low rotary speed results low level vibration, noise, 
heat generation on high linear speed. 

IKO International Inc. 
For More Information Write In No. 330 

II(D 
IiUIlt.tI91lnWnfQfIlJGMa£tMI~itGa 
K."f EO K rv E(;' 

NEEDLE 
ROLLER 
CAGES FOR 
ENGINE CON­
NECTING 
RODS 
• High performance nee­
dle bearing for challenging 
engine applications. 

• High rigidity. 
• High load capacity. 
• High rotational speed. 

• The bearing cage has high rigidiry because of a special 
secrion shape resenlbJing that of a ganrry gate. 

IKO International Inc. 

For More Information Write In No. 333 
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PRECISION 
CROSSED 
ROLLER 
STAGES 
AIM f ... rures NEW motor 
ready linear positioning 
'<ageS fearuring our MADE 
IN USA, Precision Crossed 
Roller Linear Bearings . 
ALM stages are character­
ized by smooth, noiseless, 

repeatable, frictionless motion, minimal torque require­
ments. torsional stiffness. long life and zero sideplay in any 
arcitude. Wide range of actuator options available. Expen 
applications engineering staff. Tel: 800-892-3991 ; 516-
338-5741; Fax: 516-333-1729. 

American Linear Manufacturers 
For More Information Write In No. 334 

SIMPLIFIED 
REAL-TIME 
NETWORK 
APPROACH 
The SCRAMNet™ Net­
work, a real-time communi­
cations system based on a 
replicared shared-memory 
concept. is optimized for the 
high-speed transfer of data 
among computers. CaU for 

this FREE Technical Paper. SYSTRAN Corp .• Sales Tel: 
800-252-5601; Tel: 800-252-5601; Fax: 513-258-2729; 
E-mail: info@systran.com. 

Systran Corp. 

For More Information Write In No. 337 

WE BUILD IN 
VALUE 
Our value-added services 
make Ollr investment cast­
ings the total lower cost 
parts you need fo r many 
commercial & aerospace 
applications. Near net 
shape, close tolerances, 
excellent surface means less 
fi n ishing for you. Nearly 
200 ferrous and non-ferrous 
alloys include alu minum. 

ducti le iron. steel •• tainless. copper-based. Preproduction 
prototyping. engineering. and fInishing services available. 
Parts up to 10 pounds are our specialey. Write for our new 
literature:. 

Precision Metalsmiths, Inc. 
For More Information Write In No. 34 0 

Hardigg Cases offers over 
225 standard rotationally 
molded trans i t cases . 
including a full line of 19" 
E1A rack mount cases. deck 
cases. and flangemount 
cases. Hardigg's expen engi­
neering, manufacturing , 
and test facilities provide 
Start to fInish custom design 
capabiliry. A complete list 
of standard cases allows for 
rapid delivery ... as few as 

three working days! Take advantage of O\1:r forty years of 
aperience ... design a Hardigg case into your nat project! 

HARDIGG CASES 
Tel: 1-800..JHARDIGGj Fax: 413-665-8061 

High Speed 
ACQUISITIO 
TEMS are designed to meet 
(xaccing measurement 
requirements. Components 
feature fast throughput and 
highly accurare digitizers 
(overall 0.1 % accuracy with 
100 ksps to 200 Mops. and 
32 Megapoints/channel) . 
Automatic setups, anaJysis 
and touch screen conuols in 

PC-based sofrware add 
excellent user intemces for high speed dynamic measure­
ments in the physical and material sciences. Booth number 
at Design Engineering Show: 320. Hi-Techniques. Inc .• 
152 Owen Road. MadisoD. WI 53716; Tel: 608-221-
7500; 800-248-1633. 

Hi-Techniques, Inc. 
For More Information Write In N o . 33 5 

PROGRAM­
MABLE 
MULTI-AXIS 
CONTROLLER 
SLO-SYN® MX2000 is a 
powerful modular. 32-bit 
DSP-based stand-alone 
motion/machine contcol 
for step or servo motors. 
Available as an enclosed 
2-axis unit or up to 8-axis 

19-inch rack SYStems. Uses BASIC language with math 
functions and provides multi-tasking up to 7 concurrent 
tasks. Provides for lin= and circular interpolation plus 
splining. Up to 352 inputs and outputs separately scanned 
for canuol; Tel: 800-787-3532. Tel: 203-585-4500. 

Superior Electric 
For More Information Write In No. 338 

PCMCIA 
DESKTOP 
ADAPTORS 
The PCMCIA Standard is 
the newest technology in 
data storage and 110 for 
desktop and mobile com­
puters. Now ENVOY 
DATA offers the most 
complete line of PCMClA 
Databook adaplOrs (read­
er/writers) for your desktop 

computer. External models connect through the parallel 
pon while internal models use an ISA intemce card. All 
models read and write Types I. II. or III memoey cards. 
Tel: 602-892-0954; Fax: 602-892-0029. 

Envoy Data Corporation 
For More Information Write In No. 341 

New DA95 catalog offers 
288 different "ready to use" 
p recision acme and preci­
sion ball screw drives. 
Screw d rives come totally 
assembled with machined 
ends, precis ion end bear­
ings and feature standard 
NEMA mOlOr mounts and 
couplings. Complete lin= 
slides featuring precision 
rail assemblies are offered 
in seven sizes with strokes 

10 135 inches. CAD ftles are available to speed designs. 
Contact: G reg Traeger. Sales Manager. Ball Screws & 
Actuators. San Jose. CA 95136. Tel: 800-882-8857. 

Ball Screws & Actuators 

For More Information Write In No. 344 

TECHNICAL FIBRE 
PRODUCTS MATE­
RIAL ADVANTAGE 

Nonwoven Manufacturer chat 
produces veils varying from 0.2-
8.0 oz/yd 2 from virtually any 
fiber cype. Examples are Carbon. 
Aramid. Quartz. Silcon Carbide. 
Metal-coated and Glass. TFP's 
accurate fIber blending tech nola-
gy can result in a hybrid. provide 

a specifIc resistiviey level or utilize a thermoplastic fibre 
for molding. TFP also produces Intumescent mat for fire 
protection. Tel: 914-355-4190; Fax: 914-355-4192. 

Technical Fibre Products Limited 

For M ore Info rmatio n W rite In No. 336 

Design software delivers 
NURBS-based surface 
modeling of mechanical 
pans. Easy to I=n graphi­
cal interface with on-line 
help. Multi-tasking under 
Windows and Windows 
NT. Photo-realiStic shad­
ing and fasr dynamic 
graphics. Compatible with 
all CAD/CAM systems. 
Easy upgrade to NC pro­
gramming. 

Surfware Incorporated 

For More Information Write In No. 339 

EQUIPMENT 
HOUSING 
HARDWARE 
Small quantities/immediate 
shipment. Design Stand­
ards offers an international 
selection of operational 
ha rdware for control and 
access of equipment and 
machinery. O U f k nobs, 
handles. levers. handwheels. 
spring plungers. levelers 

and wheels possess superior production. functional and 
aesthetic qualities. Design Standards: a division of Rogan 
Corporation. 3455 Woodhead Dr .• No rthbrook. IL 
60062. Tel: 800-388-5656; Fax: 708-509-1705. 

Design Standards 
For More Information Write In No. 342 

NEW BOOK 
HELPS YOU USE 
FEAINTHE 
"REAL WORLD" 
A comprehensive fInite ele­
menr analysis reference/text­
book oBets a unique blend of 
thooey and rcal world engi­
neering examples. Dr. 
Constantine Spyrakos-well­
known finite element suess 

and vibration analysis experr-has creared a reference for aU 
mechanical engineers from designers ro "gurus." This richly 
illustrared. hardcovt:! book includes a disk with evt:cy example 
problem. Subjects include: FEA basics, dement types. model­
ing. cypes of analysis and interpretarion of r=U1S. 

APD 
For More Information Write In No. 345 
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Parts Libraries -Computervision 
Ubraries 01 compiled macros for CADDS 5 & CADDS 4X 

create a wide variety 01 standatd hardware items. 

SOLIDS & WIREFRAME. INCH & METRIC 
Programs will create all fastener holes • hex nuts • bolls 
all screws (soc. hd., slotted, phillips) • washers (fIaI. lock. 
spring) • pins (dowel, SPlit. cotter, spIraJ) • retaining rings & 
groows • structural beams (alQ • pipe fillings • springs 
(compression, extension, torsion) • thread inserts & holes. 
1000's 01 parts. Bill of MB1erlals programs automate \he 
process 01 tracking and creating 80M., Including aaaUon 
01 graphic 80M table and part labela. works wi1hout 
CAOOS Data Ex!ract Full 30 day DEMO available. 
c Also available: Layer Management SynIm - automates 
!eyer lists, layer changes to medals, much, much more. 

Design Solutions Software Co. 
Glen Mills, PA 19342 (610) 358-4054 

For More lnfonnation Write In No. 358 

TEMPERA­
TURE INDICA­
TORS AND 
MONITORS 
This most exrensive line of 
temperature indicating 
products includes sticks, 
label monitors. indicating 
liquids and peUets for pre­
beat/post-heat welding. 
The 8-page catalog dis­

cusses hand test kits, metal markets and protective coat­
ings. Applications cover welding. meral-working. elec­
tronics, nuclear and machinery. Tempil Division, Tel: 
908-757-8300; Fax: 908-757-9273. 

Air Liquide America Corp. 
For More Information Write In No. 397 

BORESCOPIC 
VIDEO SYS­
TEM MCV-8000 
SERIES 
The M CV -8000 borescopic 
video system couples any 
Machida borescope to a 
miniature high quality 
color camera to create the 
clearest images for review 
on a monitor screen. 

Designed to be portable. the MCV-8000 is a quick set-up 
unit that is fully protected in a rugged shock-mounted. 
shippable carrying case. The half-inch VHS record/play­
back unit with microphone. allows inspections to be easily 
recorded with narration. Tel: 800-431-5420. 

Machida, Inc. 
For More Infonnation Write In No. 359 

CLOCKS AND TIME CODE 
(IRIG, NASA, XR3, SMPTE, ESE) 

Generate, read or convert any of the above codes, display 
them on several sizes of LE.O·s, superimpose them on 
video. or interpret a code for your computer! 

FS-270 

HERE'S ONE OF OUR MORE 
POPULAR IRIG B READERS 

• 
56" LE.D. Display Viewable at 20' 

AVAILABLE WITH AN ASSORTMENT 
ESE OF DISPLAY SIZES! 

Tel: 310-322-2136; Fax: 310-322-8127, 
142 Sierra St.. EI Segundo. CA 90245 USA 

For More Information Write In No. 361 

introduces 

scanner with 
image quality at a 

CATALOG OF 
ENGINEERING 
FINDINGS 
352 pages of components, 
materials. and precision 
tools in hard-to-get small 
quantities. A single source 
for a wide variery of stain­
less steel items such as 
miniature gauge rype 304 
and 316 bypodermic tub-
ing, luer fittings. guide 

wire, and miniature machine screws (000 and up); also 
PEEK, Tygon and Teflon tubing, Polyimide Rod, Steel. 
and Brass gean, phase adjusters, nitinol wire and noise 
and vibration isolators and sheet materials. For your &ee 
catalog. call: 800-422-2020; or Fax: 800-423-9009. 

Small Parts, Inc. 
For More Information Write In No. 360 

NEW METRIC 
ENGINEERING 
MANUAL & 
DESIGN GUIDE 
Firestone Industrial ProductS 
Company now bas a Metric 
Engineering Manual & 
Design Guide for its AIR­
MOUNT® isolators and 
AIRSTROKE® actuators. 
This lOl-page user-ftiendly 

guide features informacion on Firestone's isolation and 
actuation products. To receive a copy, write: Firestone 
Lndustrial Products Co .• 701 Congressional Blvd., 
Carmel. IN 46032; Tel: 800-888-0650. 1n Europe. call: 
011+44 (0)1784 462 326; Fax: 011+44 (0)1784462327. 

Firestone Industrial Products Co. 
For More Information Write In No. 362 

Large Document 
E-Size Scanner 

DPI 

$7,995 

WldeCom products are sold through our branch offices and a dlstribuUon netwo", covering 29 countries. 

We invite all software and hardware alliances. Reseller inquiries welcome. 
For Product Information Or A Reseller Near You, 
Please Call One Of Our Regional Distribution Centres: 
Head OIIIcelCanadal ~ ~ 
55 City Centre Dr. 51 Monroe S1. 2000 South York Rd. 
Suite 500 SuHe 1700 Unit. lOA 
MJssjssauga, ON L5B 1 M3 RocIMne, MD 20850 oakBrook, IL 60521 
Tell (905) 566-0180 T(301) 738-9040 T(708) 575-0545 
Fa'" (905) 566'()181 F(301) 738-9042 F(708) 575'()546 
WIDEfax' (905) 566-5885 

~ 
212 Teohnology Dr. 
Unity 
Irvine, CA 92718 
T(714) 453.()170 
F(714) 453-0464 

800-263-WIDE(9433) 

STH-36 
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Velocity vectors reveal 
flow patte rns through 
the center section of 
this steam turbine Inlet 
throttle valve. 

ADVANCED FEATURES 

• Strongly conservative 

finite-volume formulation 

• Body-fined coordinates 

• Automatic grid generation 

• Collocated grids 

• High-order differencing 

schemes 

• Flexible user-accessible 

source code 

FLOW V'SUALIZA T'ON 

• CuNing planes 

• Isosurfaces 

• Data probes 

• Particle tracking 

• Profile plots 

• Keyframe animation 

COMPUTER PLATFORMS 

• UNIX workstations 

• Supercomputers 

• High-performance PCs 

Reduce flow modeling and analysis time witll CFD2000. 

t AdIrptIn ReNIII'CII out 

phi .... , emInceI tile 

... ".., _Meed CFD 

tec:lwtolotJ combined wftII ... 

,ntel,,,.,,, ",.",.Ica' Intetface 

result, In I powerful ,fmullltioft 

~Itl'n, ".., ,. ..., to ..... 

(F02DDD is a powerful (FO 

solution for aerodynamics. 

electronics cooling, chemical an 

combustion processes, metallurgical 

applications. HVA(. environmental 

flows. and more. 

At. the core of the system is a 

three-dimensional viscous flow solver 

that is powerful, efficient. and easily 

extended to custom engineering 

applications. 

(F02DDO 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 MKh number 
distribution around a 3D 
blunt body at MKh 10, 
angle-of ... ttack • 5' . 

COST~FFECTM & EASY TO USE 

(FD2000 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 
thro",h a multl-port 
transition duct. 

'-______ ----'CF-=or~ .. cc-=_c'__I_nfonnatlon Write In No. 528 

the most advanced scientific field 

visualization capability on the market. 

Data Visualizer« from Wavefront 

Technologies. FieJdvievJl' from 

Intelligent Ught. and Tecplo[® from 

Arntec Engineering ensure full 

capability post processing power 

across all supported platforms for 

(F02DDD. 

CFD2000 u •• ,. .nunc. 
tltelr competlt,,,. po.ture 
In tile ,Ioba' "..rll.tplllC. 

through 'nc,.."" productl""" 

adVenced capell"'", and 
reduced co.t. Call toda, for 
Information on Aclaptln'. 

ad"anced CFD2000 softw",.. 

a OMSlO/1 or 
PaCific-SIerra Research Corporation 

205 • 830 • 2620 
4960 Corporate Drive, Suite tOO-A 
Huntsville, Alabama 35805, USA 
FAX 205' 830 • 2628 



Attention Government, Industry, & University Innovators: 
If you have developed a novel. commercially im{XJrtant technology U.S. industry can apply to sharpen its competftNe edge. 

we invite you to answer this 

Call /Por Papers 
TECHNOLOGV 

2005 
October 24-26, 1995 

McCormick Place, Chicago 

T
echnology 2005, the world 's largest technology 
transfer conference and exposition, offers a unique 
forum to present new inventions and innovations to 
America's top technology managers. Over 5000 cor­
porate executives, project leaders, engineers, and 

entrepreneurs are expected to attend this NASA-sponsored 
event, to discover advances they can use in developing 
products, solving engineering problems, and improving their 
manufacturing/production processes. 

Cf>aper abstracts are in~iled in two areas: 
1. Leading-Edge Inventions 
Papers should focus on the novelty and commercial poten­
tial of technologies available for private sector use in the fol­
lowing categories: 
Advanced Manufacturing 
Computers & Communications 
Environmental Technology 
Materials Science 
Medical Technology 
Microelectronics 
Power & Energy 
Sensors/Instrumentation 
Transportation 
Virtual Reality 

2. Success Stories 
Papers should describe successful government-industry 
partnerships and technology transfers result ing from 

Deadline .!For Sl..lb,nissions 
Paper abstracts (1-1/2 pages long) must be submitted to the 
Program Chairman no later than May 5, 1995. An indepen­
dent panel will judge the abstracts based on technical merit 
and the potential commercial or industrial impact. All sub­
mitters will be notified by June 30. Mail or fax abstracts to: 

Technology Utilization Foundation 
317 Madison Avenue, Suite 921 
New York, NY 10017 
Fax: (212) 986-7864 

CRADAs, licensing agreements, SBIR, and other mecha-
nisms, highlighting any marketing or program innovations Qyestions? 
and lessons learned. Call Wendy Janiel at (212) 490-3999. 



Materials 

Antisymmetric Layup of Precise Composite Laminates 
Ply-orientation errors would be redistributed to cancel their effects. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Warping of precise composite-materi­
al (graphite-fiber/epoxy-matrix) laminat­
ed panels would be reduced, according 
to a proposal, by an improved combina­
tion of design and method of fabrication. 
The essence of the proposal is to stack 
the plies during fabrication in such a pat­
tern that the effects of unavoidable ply­
orientation errors in individual layers 
would cancel each other out, on the 
whole, in the final product. 

The proposal emerged from a study of 
warping of composite-material laminat­
ed face sheets that are undergoing 
development for use as lightweight sub­
strates for precise, curved mirrors in 
submillimeter-wave astronomical tele­
scopes and optical communication sys­
tems. Fabrication of a typical laminated 
composite-material face sheet usually 
includes a layup of a number (usually 8 
to 32) of plies of prepreg material (sheets 
of parallel fibers embedded in uncured 
or partially cured matrix material). During 
layup, the various plies are oriented with 
their fibers at various angles from a ref­
erence direction. Of course, the prepreg 
plies are resinous materials that are diffi­
cult to handle and align precisely. 

After layup, the face matrix material 
is cured - usually by heating. 
Experimental observations indicate that 
such face sheets tend to warp immedi­
ately after curing. In the case of a face 
sheet to be used as a mirror substrate, 
warps result in optical aberrations and in 
changes in curvature (which cause 
changes in focal lengths). In the study, 
experience and intuition led to the 
hypothesis that random ply-orientation 
errors constitute a major cause of warp­
ing. This hypothesis was tested by 
detailed finite-element mathematical 
modeling of a typical 12-ply face sheet, 
using the best available data on the 
properties of the matrix and fiber materi­
als. It was found that the magnitudes of 
figure errors caused by random ply-ori­
entation errors of a few tenths of a 
degree to a degree were comparable 
to those observed experimentally. 
Inasmuch as random ply-orientation 
errors of as much as 1 ° are expected to 
routinely occur during layup, it was 

68 

therefore concluded that random ply­
orientation errors can account for major 
parts of manufacturing errors. 

The proposed method is not intended 
to accomplish the impossible task of 
eliminating these errors but, instead, to 
reduce or eliminate the net effects of 
these errors on the surface figures of the 
face sheets. The plies in a given panel 
would be laid up in such a way that even 
though random ply-orientation errors 
exist, these errors would be symmetri­
cally placed about the mid-plane of the 
panel, so that the effects of these errors 
would tend to cancel each other. 

To demonstrate the effectiveness of 
this method, a finite-element mathemati­
cal model was used to compute the 
deformations, under a uniform thermal 
load, of a 12-ply curved, hexagonal-out­
line mirror face sheet in which successive 
plies were nominally oriented at angles of 
[0° ,60° ,-60° ,60° ,0° ,0° ,60° ,-60° ,60° ,0°]. 
The figure shows deformation contours 
predicted by the model. The top part of 
the figure shows the warp that occurs in 
the case of a 1 ° orientation error in the 
top ply. The middle part of the figure 
shows that the warp is approximately 
doubled when the same 1 ° orientation 
error exists in the top and bottom plies. 
The bottom part of the figure shows that 
the warp is essentially zero when 1 ° ori­
entation errors occur in both plies but the 
errors are in opposite directions: as 
desired, the effects of the errors in the 
top and bottom plies have canceled 
each other. 

The method could be implemented by 
a proposed layup procedure that would 
include folding to distribute the ply-ori­
entation errors antisymmetrically about 
the mid-plane of a laminate. For a 12-ply 
laminate, one should stack the first three 
plies at the usual angles 0°, 60°, and 
-60°, but the length of each ply should 
be four times the width. The resulting 
elongated stack of three plies would be 
folded to produce a 6-ply laminate, then 
folded again to produce a 12-ply lami­
nate. As a result of the folding, there 
would be two sets of three plies with 
opposite orientations of ply errors on 
both sides of the midplane, providing for 

cancellation of the effects of ply errors 
on the laminate as a whole. 

This work was done by Donald Rapp, 
Michael C. Lou, and Chin-Po Kuo of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 63 on the TSP Request Card. 
NPO-19162 

/\"-::::::::"".L:....L....J!.:.L...L..D 
Deformation 

Contours 

Deformation Contours computed for a 12-
ply hexagonal-outline curved mirror-sub­
strate panel demonstrate the effectiveness of 
the method proposed for reduction of warp. 

NASA Tech Briefs, March 1995 
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At the Design Engineering Show, GE Plastics will be presenting its vast 
engineering thermoplastics resources and technologies to help 
design engineers bring better products to the marketplace in record 
time, at lower cost. 

TOOLS - Providing access to knowledge and experience in advanced 
polymer design, processing and manufacturing technologies. 

• DFA - a design for assembly system to quantify component integra­
tion prior to production. 

• PETS - a plastics education and troubleshooting software system 
to solve molding problems. 

• GE Select - optimal material selection database. 
• Internet - access to over 1500 pages of up-to-the-minute 

technical data, on line at www.ge.com 

RESOU RCES - Ideas and a contemporary perspective from 
pre-design research through accelerated production. 

• Design Assistance - providing concepts, strategies and 
new resources. 

• Rapid P.roduct Development - a proven solution to 
accelerated tool design. 

• Polymer Solutions, Inc. - a complete multi-disciplinary ~ 
design service. $0 

PREDICTABILITY - A unique combination of product ~ 
confidence and technology to reduce application risks. 

• NTEDA (National Thermoplastic Engineering Design 
Association) - a unique organization open to design engineers to 

implement speed-to-market best practices and improved 
part quality. 

• CAE - technical services and adapted finite element analysis. 

To see and hear how GE Plastics integrates these new design strategies 
for more predictable performance with increased productivity and 
profitability, stop by our booth 1618 at the Design Engineering Show, or 
call today (800) 845-0600, ext. 552 . 

• GEPlastics 
For More InfonnaUon Write In No. 522 



Material Removes Heavy Metal Ions From Water 
Unlike other ion-exchange resins, it can even remove metal ions from hard water. 

Lewis Research Center, Cleveland, Ohio 

A new high capacity ion-exchange poly­
mer material has been shown, in laborato­
ry tests, to remove toxic metal cations 
from contaminated water. This material 
offers several advantages. It has high sen­
sitMties for such heavy metals as lead, 
cadmium, and copper and is capable of 
reducing their concentrations in aqueous 
solutions to the parts-per-billion range. 
Another important feature of the material is 

that, unlike many commercial ion­
exchange materials (resins), it removes the 
cations even when calcium is present. The 
calcium present in water saturates the 
commercial resins, thereby blocking the 
adsorption of heavy metal ions. Thirdly, the 
material can be made into a variety of 
forms, such as thin films, coatings, pellets, 
and fibers. As a reSUlt, it can be adapted to 
many applications to purify contaminated 
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water, which usually is hard wherever it is 
found, whether in wastewater-treatment 
systems, lakes, ponds, industrial plants, 
or homes. 

The electroplating and mining industries, 
for example, produce large amounts of 
wastewater that contain hazardous 
amounts of mercury, lead, cadmium, silver, 
copper, and zinc ions. They are required by 
law to reduce the concentrations of these 
toxic metals in their wastewater before it 
is discharged into sewers, lakes, and 

~100~--------------------~ 
o§ Copper Alone 
.~ 80 -+ - Copperin 
CD Rinsewater 
a: 
mOO 
1ii 
::; 
c 40 

~ 
8'. 20 

0 ~0 --~~==OO~0--~~~--1~.OOO~~1.~200 
Time. min. 

Figure 1. Copper Is Adsorbed in the ion­
exchange polymer material at nearly equal 
rates from both a solution in which it 
appears alone and from rinsewater from a 
copper-electroplating process, in which it 
appears along with other elements. 

streams. The technology that existed prior 
to the development of the high-capacity 
ion-exchange material appeared to be 
inadequate for meeting new, lower limits. 

Tests of the adsorption capacity of this 
material were conducted on laboratory 
samples of aqueous solutions, each cont­
aminated with only one of the following 
ions: lead, copper, mercury, cadmium, sil­
ver, chromium(III), nickel, zinc, yttrium, and 
mercury, without calcium. Two solutions­
one containing copper and one containing 
lead - also contained calcium. Tests were 
also conducted with samples of rinse 
water, obtained from an electroplater, that 
contained a mixture of heavy-metal ions 
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Figure 2. The Adsorption of Metal by the 
ion-exchange polymer material depends on 
the pH of the solution . 
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and some unknown contaminants, e.g., brighteners and chelat­
ing agents. 

The most noteworthy conclusions drawn from the tests are the 
following: 
• The rates of adsorption and the mass adsorbed per gram of 

the ion-exchange polymer depended on the pH levels of the 
solutions and on the initial concentrations. 

• The adsorption of an ion is not affected by the presence of 
other ions (including calcium) in the mixture, so long as there is 
sufficient ion-exchange material present to adsorb all ions. This 
is shown in Figure 1 . 

• The amount of an element adsorbed varies with the pH of the 
solution. This is shown in Figure 2 for cadmium, mercury, cop­
per, and zinc. 

• The final concentrations of most of the elements tested are 
below the allowable limits for the concentrations of those ele­
ments in discharge water as specified by the Environmental 
Protection Agency. 
Another important feature of the ion-exchange polymer mater­

ial is that the adsorbed metals can be easily reclaimed by either a 
destructive or a nondestructive process. In the destructive 
process, the spent ion-exchange polymer is bumed, thereby pro­
ducing carbon dioxide, water vapor, and oxides of the adsorbed 
metals, which can be recycled. In the nondestructive process, the 
heavy metals are removed from the polymer and reclaimed by an 
acid stripping process. The polymer is then reusable and the 
metal concentrate can be recycled. 

Other tests have shown that the ion-exchange polymer can be 
made inexpensively and is 
• Easy to use; 
• Strong, flexible, and not easily tom; and 
• Chemically stable in storage, in aqueous solutions, and in 

acidic or basic solution. 
Although no toxicity tests have been performed, it is anticipat­

ed that this is safe and nontoxic to handle. 
This work was done by Warren H. Philipp, Jr. , and Kenneth W 

Street of Lewis Research Center, Carol Hill of the University of 
Akron, and Joseph M. Savino of Cleveland State University. For 
further information, write in 37 on the TSP Request Card. 

This invention is owned by NASA, and a patent application 
has been filed. Inquiries conceming nonexclusive or exclusive 
license for its commercial development should be addressed to 
the Patent Counsel, Lewis Research Center [see page 20j. 
Refer to LEW-15576. 

High-Temperature 
Graphite/Phenolic Composite 
Pressure lower than usual in curing prevents 
high-temperature damage by trapped moisture. 
Marshall Space Flight Center, Alabama 

A graphite-fiber/phenolic-resin composite material retains rela­
tively high strength and modulus of elasticity at temperatures as 
high as 1 ,OOO°F (538°C) (see figure). The material costs only 5 to 
20 percent as much as refractory materials do. The fabrication of 
the composite includes a curing process in which the application 
of full autoclave pressure is delayed until after the phenolic resin 
gels. This modified curing process allows moisture to escape, so 
that when the composite is subsequently heated in service, there 
will be much less expansion of absorbed moisture and thus 
much less of a tendency toward delamination. In contrast, inter­
nal pressure caused by the expansion of moisture absorbed 
in other composite materials like graphite/epoxies and 
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TURBOMACHINERY 
DEVELOPMENT 

MADE EASY 

With advanced turbomachinery 
software systems from NREC 

you can balance performance, 
reliability, and cost. 

Or, we can do it for you. 

Product Design & Development 
Services include product specification, 
feasibil ity studies, flu id and mechanical 
des ign , controls eng ineering , finite­
element analysis, rerating , performance 
upgrades, and failure analysis. 

Specialized CAE/CAM Software 
Advanced technology software improves 
design , performance prediction , 
vibration analysis, and N/C machining of 
compressors, pumps, and turbines. 

Precision Manufacturing 
NREC provides the highest quality 5-axis 
machining of complex impellers, rotors, 
blades, and blisks up to 60 inches, plus 
balancing, spin testing , and assembly. 

For More Information 
Please request free literature or 
contact Jim Watts to discuss your 
application . Phone 617 935-9050 or 
Fax 617 935-9052. 

NREC 
Northern Research and 
Engineering Corporation 
39 Olympia Avenue, Woburn MA 01801 
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graphite/polyimides causes delamination 
at temperatures in the range of 500 to 
700°F (260 to 370°C). 

The high-temperature graphite/pheno­
lic composite was developed for the nose 
cone of the external fuel tank of the Space 
Shuttle. Wind-tunnel tests; high-tempera­
ture subcomponent tests; and full-scale 
structural, dynamic, acoustic, and dam­
age-tolerance tests have shown that it 
can withstand the severe environments 
encountered by the nose cone in flight. 
Other potential aerospace applications for 
this material include leading edges, parts 
of nozzles, parts of aircraft engines, and 
heat shields. Potential terrestrial and aero­
space applications include structural fire­
walls and secondary structures in aircraft, 
spacecraft, and ships. (Phenolic laminates 
have traditionally been used for secondary 
structures on aircraft because of their 
resistance to burning and low emission of 
smoke and toxic gases when exposed to 
flame; the present high-temperature 
graphite/phenolic material would add re­
tention of strength at high temperature to 
these advantages.) 

The modified curing process used to 
make the high-temperature graphite/­
phenolic composite can be adapted to 
composites of phenolic with other fiber rein­
forcements like glass or quartz. These com­
posites might be useful as high-temperature 
circuit boards and electrical insulators. 

The modified curing process consists of 
the following steps: 
1 . Full vacuum is applied to the composite 

part in an autoclave. 
2. The autoclave is heated gradually, dur­

ing 160 minutes, to a temperature of 
175°F (79°C), then held at that temper­
ature for 60 minutes. 

3. The temperature is increased, at a rate 
of 1.0 to 1.5°F (about 0.6 to 0.8°C) per 

minute, until 220°F (104°C) is reached, 
then is held at that level for 78 minutes. 

4. At 78 minutes, the applied autoclave 
pressure is ramped up to 5 psi (34 kPa) 
in 6 minutes, then the temperature is 
held for an additional 36 minutes. 

5. The temperature is increased, at a rate 
of 1.0 to 1.5°F (about 0.6 to 0.8°C) per 
minute, to 240°F (116°C) and held there 
for 30 minutes. 

6. At the same rate as in step 5, the tem­
perature is increased to 350°F (17rC), 
then held there for 60 minutes. 

7. The part is cooled, at a rate of 1 to 4°F 
(about 0.6 to 2.2°C) per minute, to 
150°F (66°C). 

8. The part is removed from the autoclave 
but kept under vacuum until it has 
cooled to 100°F (38°C). 

9. The part is then subjected to a 42-hour 
postcure at atmospheric pressure in 
which its temperature is increased in 
steps, eventually reaching 415°F (213°C). 
This work was done by Blis C. Seal, 

Venu P. Bodepudi, Robert W Biggs, Jr. , 
and John A. Cranston of Martin Marietta 
Corp. for Marshall Space Flight Center. 
For further information, write in 96 on the 
TSP Request Card. 

Title to this invention has been waived 
under the provisions of the National Aero­
nautics and Space Act [42 U.S.C 2457W}, 
to the Martin Marietta Co. Inquiries con­
ceming licenses for its commercial devel­
opment should be addressed to 

Martin Marietta Corporation 
Attn: Gay Chin, Associate 
General Counsel 
6801 Rock/edge Drive 
Bethesda, MD 20817 
Refer to MFS-28759, volume and num­

ber of this NASA Tech Briefs issue, and the 
page number. 
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The Shear Tensile Strength of a Graphite-Fiber/Phenolic-Mat rix Composite made by the 
modified process decreases with increasing temperature, but at 1,DDDoF, it remains greater 
than that of a composite made of the same fiber material with a matrix of polyimide. 
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Making Composite-Material Parts at Moderate to High Rates 
Production lines and electron-beam curing would replace batch processing and heat curing. 

Langley Research Center, Hampton, Virginia 

Composite-material (matrix/fiber) struc­
tural components would be manufac­
tured at moderate to high rates in pro­
duction-line-style processes, according 
to a proposal. Until now, most compos­
ite-material parts have been made in 
labor-intensive batch processes that 
include time-consuming steps like curing 
in autoclaves. In the proposed method, 
the production lines would be largely 
automated and would take advantage of 
the fact that matrix resins can be cured 
by electron beams in addition to heat. 
The net result should be reductions in 
production times and costs. 

The automation and the continuous 
nature of the proposed processes would 
depend on the availability of fabric pre­
forms impregnated with matrix material. 
The yams used to make the preforms 
could be coated with matrix material by 
any of several commercial processes, 
then woven into the preforms by use of 
advanced techniques for producing fabric 
components with complicated shapes. 

Figure 1 illustrates a quasi-continu­
ous press-forming process according 
to the proposal. Impregnated net­
shape fabric destined to become layers 
of composite structural components 
would be supplied on multiple rolls. The 
fabric is unwound from the rolls and 
drawn through a series of rollers and 
guides to assemble them into a thicker, 
multilayer continuous preform. Unit 
lengths of the multilayer preform would 
be processed, in succession, through a 
partial -debulking tool. As its name 
implies, this tool would compress the 
unit lengths of preform part way toward 
its final dimensions, by use of a combi­
nation of mild pressure and mild heat­
ing. Because of the mildness of the 
partial-debulking conditions, the par­
tial-debulking tool and associated 
equipment should be relatively inexpen­
sive. Typical debulking times would be 
on the order of 1 min. 

After partial debulking , each unit 
length of preform would be drawn out of 
the partial-debulking tool and cut from 
the continuous assembled fabric strip. 
Each resulting unit preform, now des­
tined to become a composite structural 
component, would be placed in a stag­
ing tool and using heat and pressure 
would melt the matrix material and facil­
itate debulking of the preform to final 
dimensions. Depending on the type of 
matrix material, the heating of the pre­
form in the staging tool could partially 
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heat-cure the matrix material to such a 
degree that the preform could retain its 
final shape without support from tooling. 
Non-heat curable matrix materials that 
are electron-beam curable could be 
solidified without curing to such a 
degree that the preform could also retain 
its final shape without support from tool­
ing. The time needed for staging would 
be on the order of 5 min; because of 

greater duration of the staging cycle in 
comparison with the debulking cycle, a 
number of staging tools would be kept 
running simultaneously to keep up with 
the output of the partial-debulking tool. 

The composite structure would be 
removed from the staging tool and 
placed in a chamber where the matrix 
material would be cured by exposure to 
an electron beam. Typical electron-

RAPID PROTOTYPING • 

REVERSE ENGINEERING • 

WITtI 

SAC's NEW GP-12 3-D DIGITIZER 

The most versatile , easy-to-use 3-~ digitizer available. Capture 3-D 
data in real time from any solid object within an active volume of up to 8 
ft. x 8 ft. x 8 ft. (512 cubic feet). It's easy to use, just unpack - plug it 
in - and type "install". Place the probe on the point(s) to be entered 
and you're capturing X, Y, Z Cartesian coordinates. 

SOFTWARE-HARDWARE COMPATIBILITY. The GP-12 works with all pop­
ular CAD/CAM packages and PC platforms, and comes equipped with 
its own TSR (Terminate and Stay Resident) driver. Special packages 
are available for modeling/animation with HyperSpace™ software from 
Mira Imaging and CAM programs from Cutting Edge™. These pack­
ages provide complete turnkey solutions to increase your productivity. 

THE MOST FLEXIBLE 3-D DIGITIZER AVAILABLE • It's portable, works in 
any environment, digitizes any material, and has easy RS-232 interface. 
Ideal for reverse engineering . .. acquiring 3-D data from prototypes ... 
defining tool paths ... generating data for 3-D graphics, plus applica­
tions only limited by your imagination. 

SEE HOW THE GP-12 CAN PUT YOU INTO THE WORLD OF 3-0. CALL TODAY. 

SAC SCIENCE 
ACCESSORIES 
CORPORATION 

2 Research Drive, P.O. Box 825 
Shelton, CT 06484 
(203) 925-1661 Fax (203) 929-9636 

For More Infonnation Write In No. 421 73 



KEEP PACE 
WITH 
EMERGING 
TECHNOLOGIES 
PARTICIPATE IN 
THE MIT 
ADVANCED 
STUDY 
PROGRAM 
The Advanced Study Program 
of the Center for Advanced 
Engineering Study at the 
Massachusetts Institute of 
Technology is a unique, indi­
vidualized course of study that 
offers engineers, scientists , 
and technical managers 

• the opportunity to study 
emerging technologies first­
hand, increase professional 
capabilities, and broaden 
perspectives; 

• on-campus curriculum 
formats tailored to the back­
grounds of individual partici­
pants and the needs of their 
organizations. 

Divided into 16-week seg­
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MIT Fall and Spring terms, the 
Program combines academic 
courses and seminars with 
guided independent study 
and research. 

Participants are provided on­
campus offices, computer 
facilities, a videotape library, 
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Center for Advanced 
Engineering Study building. 
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use MIT resources such as 
libraries and athletic facilities. 
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SIagIng Tool 1 

Figure 1. This Press-Forming Process would produce composite-material parts at moderate 
to high rates, in production-line fashion instead of by batches as is done now. 

beam-curing times are expected to be of 
the order of several minutes - signifi­
cantly shorter than typical autoclave cure 
cycles. Another advantage of the pro­
posed method is that unlike heat curing, 
electron-beam curing does not cause 
chemical reactions of the type that forms 
voids and other anomalies, which can 
weaken the finished composite parts. 

Figure 2 illustrates a continuous pultru­
sion process, according to the proposal, 
for making composite I-beams. As in the 
proposed press-forming process, im­
pregnated net-shape fabric would be 
drawn from rolls and assembled into a 
thicker, multilayer continuous preform. 
The continuous preform would be fed 
into a heated die, the cross section of 
which would taper down to the desired 1-
beam cross section, so that the preform 

Multiple Strips of Fabric 
Fed into Die 

would be gradually debulked to the final 
cross section as it moved along. The pre­
form would continue along a constant­
final-cross-section length of the die, 
where it would be partially cured or 
allowed to solidify. The composite struc­
ture would be pulled continuously from 
the die and cut to length as unit lengths 
emerge. The staged I-beams would then 
be electron-beam cured. 

This work was done by Gary L. Farley 
of the U. S. Army Vehicle Structures 
Directorate at Langley Research Center. 
No further documentation is available. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Langley Research Center [see page 20]. 
Refer to LAR-15128. 

Electron Beam 

Net-Shape 
Staged Beam 

Figure 2. This Pultrusion Process would incorporate features of both conventional pultrusion 
and of the press-forming process shown in Figure 1. 
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eONAp® creates 
and supplies a wide 
range of special en­
gineered materials ... 
including unique 
polymers ... to meet 
the critical applica­
tions of the aero­
space, computer, 
defense, bio­
medical , electrical/ 
electronics, auto­
motive and associ­
ated industries. 

A wide range of polyurethane and epoxy, 
filled and unfilled, potting and encap­
sulating compounds for the electrical/elec­
tronics industry. 

eONATHANE® and eONAPOXY® potting 
and encapsulating materials are used 
worldwide for potting electrical com­
ponents such as transformers, modules, 
strain sensitive circuitry, coils, cable con­
nectors and similar devices. 

eONAP potting materials meet the re­
quirements for many military and commer­
cial specifications. In addition , a number 
of eONATHANE potting materials have 
received UL-Recognition. 
For More Information Write In No. 531 

Tooling Resins and 
Elastomers 
Liquid, two­
component, 
GONATHANE 
room or elevated 
temperature cur­
ing elastomers 
and GONAP 
elastoplastics, 
ranging in hard­
ness from 40 
Shore A to 80 
Shore 0. 

These systems are typically used for 
casting abrasion-resistant parts, checking 
fixtures, stamping dies, press pads, rollers, 
core boxes, flexible molds and a variety of 
other applications. 

In addition , eONAP offers a complete 
series of high-performance polyether, 
polyester and aliphatic elastomers. 
For More Information Write In No. 532 

Adhesives and Sealants 
One and two com­
ponent epoxy 
adhesives, two 
component 
polyurethane and 
epoxy adhesive/ 
sealants and 
primers for bond­
ing materials to a 
wide variety of 
substrates. 

Extensive versatility; 
low viscosity to 
highly thixotropic; flexible to rigid; room or 
elevated temperature curing . Adhesives for 
industrial/structural applications. Sealants 
for bio-medical, air and liquid filtration . 
For More Information Write In No. 533 

Conformal Coatings 
GONAP has 
developed a wide 
range of coatings 
for the electrical/ 
electronics in­
dustry, for military 
and commercial 
applications. 

Several CO NAP 
coatings meet the 
requirements of 
military specifica­
tions. 
These include: 
polyurethanes, 
acrylics and 
silicones. We take pride in being one of 
the first formulators to receive UL­
Recognition for several of our 
polyurethane and acrylic conformal 
coatings. 

Included among the MIL-Spec approved 
and UL-Recognized coatings is a unique, 
single component, water-based 
polyurethane coating . 
For More Information Write In No. 534 

Chemical Products 
GONAGURE® curing agents for epoxies 
and polyurethanes. 

Accessory Products 
Mold release agents and color concen­
trates for epoxy and polyurethane resin 
systems. 
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Challenged by our customers daily with 
problems in polymer science, eONAP's 
skilled and imaginative R&D team responds. 
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meet your most difficult product performance 
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eONAP has more than 30 years experience 
as an innovative problem solver. We employ 
the latest technology to help our people 
provide you with fast and accurate answers. 

Economical 
Manufacturing, 
Convenient Packaging 
and Prompt Shipping 
For Any Size Order 
Whether you require large quantities of 
standard products, or small quantities of 
specialized materials, we can manufacture 
them efficiently, effectively and economically. 

We are fully equipped to manufacture low 
viscosity, high viscosity and thixotropic 
material systems, requiring simple blending, 
high shear mixing or high temperature 
reactions. 

CALL OR WRITE FOR A 
FREE CAPABILITIES 
BROCHURE! 
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Computer Programs 

COSMIC: Transferring NASA Software 
COSMIC, NASA'S Computer Software Mcmgement m Information Center, distributes software 

developed with NASA fundng to Industry, other government agencies and academia. 
COSMIC's nventory is updated regularly; new programs are reported in Tech Briefs.For additional 

nformation on any of the programs described here, wnte 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 n your area of interest. You can also purchase the annual COSMIC Software 
Cataklg,contalnlng descriptions and orderng information for available software. 

COSMIC is part of NASA's Technology Transfer Network. 

Computer Programs 
These programs may be obtained at a very rea­
sonable cost from COSMIC, a facility sponsored 
by NASA to make computer programs available 
to the public. For information on program price, 
size, and availability, write in the reference 
number on the TSP and COSMIC Request 
Card in this issue. 

Physical Sciences 

Program for Displaying 
Computed Electromagnetic 
Fields 

EM-ANIMATE displays and 
animates near-field and sur­
face-current outputs of pro­
grams like MOM3D, 

The EM-ANIMATE computer program 
is a specialized visualization program that 
displays and animates the output data on 
near fields and surface currents comput­
ed by an electromagnetic-field program 
- in particular MOM3D (LAR-15074, 
page 78). The EM-ANIMATE program is 
based on windows and contains a user­
friendly, graphical interface for setting 
viewing options, selecting cases, manip­
ulating files, and the like. 

EM-ANIMATE displays the magnitudes 
of fields and surface currents as smooth, 
shaded color fields (color contours), rang­
ing from minimum to maximum values. 
The program can display either the total 
or the scattered electric field in either 
time-harmonic animation mode or in root­
mean-square (rms) average mode. The 
default setting is an initial setting that 
matches the maximum and minimum val­
ues within the sets of field and sUrface­
current data. The user can also optionally 
control the setting. Field and surface-cur­
rent values are animated by calculating 
and viewing the solution at increments of 
time that correspond to increments of 

76 

phase selectable by the user in the range 
from 0 to 21t radians. 

The surface currents can also be dis­
played in either time-harmonic animation 
mode or in rms average mode. In rms 
mode, the color contours do not vary with 
time. but show the time-averaged magni­
tudes of the field and surface-current solu­
tions. In either time-harmonic or rms aver­
age mode, the magnitude and direction of 
the electric field and of the surface current 
can be displayed as a scaled vector arrow 
at each field grid point or surface node 
point. The vector-arrow display for the field 
and the vector-arrow display for the sur­
face current can be put on separately or 
concurrently. The speed of animation is 
increased by turning off the display of vec­
tor arrows. The vector arrows must be 
shown as varying with time even in the rms 
mode because otherwise the time-aver­
aged vectors would have zero lengths. 

Optionally, some properties of surfaces 
can be viewed. These include surface 
grids, the value of resistance aSSigned to 
each element of the grid, and the power 
dissipated in each such element. 

The EM-ANIMATE program accepts as 
many as 10 different surface-current 
cases, each consisting of as many as 
20,000 node points and 10,000 triangle 
definitions, and animates one of these 
cases. This capability is used to compare 
distributions of surface currents in the 
presence of initial excitations incident from 
various directions and/or various orienta­
tions of the electric fields. The program 
can accept as many as 50 planes of field 
data, each plane containing a grid of 1 00 
by 100 field points. These planes of data 
are selectable by the user and can be 
viewed individually or concurrently. 

With the preset limits described above, 
the program requires 55 megabytes of 
core memory to run. These limits can be 
changed in header files to accommodate 
the available core memory of an individual 
work station. The amount of memory 
needed to store the field and surface-cur­
rent data can be estimated as follows: 
Approximate memory in bytes equals [the 
number of nodes on each surface x the 

COSM~-
John A Gibson, Urector 
Phone (706) 542-3265; 

FAX (706) 542-4807 
The University of Georgia, 

382 East Broad Street, 
Athens, Georgia 30602 

number of surfaces x 14 (the number of 
variables) x the number of bytes per word 
(typically 4 bytes per floating point)] + [the 
number of field planes x the number of 
nodes per plane x 21 (the number of vari­
ables) x the number of bytes per word]. 
The total size of memory needed then 
equals approximately 400,000 bytes plus 
the amount for data estimated as 
explained above. 

The animation calculations are per­
formed in real time at any time step set by 
the user. For Silicon Graphics work sta­
tions that include multiple processors, this 
program has been optimized to perform 
these calculations on multiple processors 
to increase the speed of animation. The 
optimized program uses the SGI PFA 
(Power FORTRAN Accelerator) library. On 
Single-processor computers, the paral­
lelization directives are seen as comments 
in the program and have no effect on 
compilation or execution. 

EM-ANIMATE is written in FORTRAN 77 
for implementation on SGI IRIS work sta­
tions running IRIX 3.0 or later. A minimum 
of 55Mb of random-access memory is 
needed for execution of this program. 
However, the code can be modified to 
accommodate the available memory of an 
individual work station. For execution of 
the program, 24-bit, double-buffered color 
capability is suggested but not required . 
Sample input and output files and a sam­
ple executable code are provided on the 
distribution medium. Electronic documen­
tation is provided in PostScript format and 
includes ASCII help files. The standard dis­
tribution medium for EM-ANIMATE is a 
0.25-in. (6.35-mm) streaming-magnetic­
IRIX-tape cartridge in UNIX tar format. EM­
ANIMATE is also available as part of a 
package, COS-10048, that includes 
MOM3D, an IRIS program that computes 
near-field and surface-current solutions of 
electromagnetic-field equations. This pro­
gram was developed in 1993. 

This program was written by Kam W 
Hom of Langley Research Center. For 
further information, write in 166 on the 
TSP Request Card. 
LAR-15075 
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Method-of-Moments Code 
for Electromagnetic 
Scattering 

This program computes scat­
tered and total near fields and 
scattering matrices. 

MOM3D is a FORTRAN computer 
program that implements a method-of­
moments algorithm for analysis of elec­
tromagnetic waves on open or closed 
three-dimensional, perfectly conducting 
or resistive surfaces. The primary 
emphasis in analysis is upon computa­
tion of radar cross section under plane­
wave illumination. However, the program 
also provides for excitation via local 
ports for computation of gain patterns 
and input impedances of antennas. 

The electric-field-integral form of 
Maxwell's equations is solved by use of a 
local triangle couple basis and testing 
functions with a resultant system imped­
ance matrix. The emphasis in analysis is 
not only upon routine predictions of 
radar-cross-section patterns, but also on 
phenomenological diagnostics: bistatic 
imaging, currents, and both scattered 
and total near electric fields. The output 
data on images, currents, and near fields 
are in a form suitable for animation. 

MOM3D computes the full backscatter 
and bistatic radar-cross-section polariza­
tion scattering matrix (amplitude and 
phase), body currents, and scattered and 
total near fields under plane-wave illumi­
nation. MOM3D also incorporates a new 
bistatic k-space imaging algorithm for 
computing down-rangelcross-range di­
agnostic images by use of only matrix 
inversion in each case. 

MOM3D has been made efficient, with 
respect to memory and central-process­
ing-unit time, by use of symmetric matri­
ces, symmetric geometry, and parti­
tioned fixed and variable geometries 
suitable for design-iteration studies. 
MOM3D can be run interactively or in 
batch mode on IBM 486 and compatible 
personal computers, UNIX work sta­
tions, or larger computers. A 486 per­
sonal computer that has 16 megabytes 
of memory has the potential to solve the 
equations for a 30-square-wavelength 
symmetric configuration, which involves 
3,000 unknowns. The geometry of a 
given problem is described by use of a 
triangular-mesh input in the form of a list 
of vertex points and a triangle-join-con­
nection list. 

MOM3D is written in FORTRAN 77. 
Two machine versions are available from 
COSMIC. One of them is the UNIX ver­
sion (LAR-15074), which is designed to 
be executed on SGI-series computers 
running IRIX and, with modifications that 
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are described in the documentation, has 
been implemented successfully on a 
Sun4-series computer running SunOS. 
The other version is the IBM PC version 
(LAR-15130), which has been imple­
mented successfully on a IBM-PC-com­
patible computer running MS-DOS and 
version 5.1-EM32 of Lahey FORTRAN. 
The amount of random-access memory 
needed for MOM3D varies with the size 
of the problem being solved. Sample 
input and output files are provided for 
each version. The UNIX and PC versions 
include an SGI executable code and an 
MS-DOS executable code, respectively. 
The UNIX version also includes electron­
ic documentation in PostScript format, 
while the PC version includes electronic 
documentation in WordPerfect format. 

The standard distribution medium for 
the UNIX version is a 0.25-in. (6.35-mm) 
streaming-magnetic-IRIX-tape cartridge 
in UNIX tar format. It is also available on 
a 0.25-in. (6.35-mm) streaming-magnet­
ic-tape cartridge (SUN QIC-24) in UNIX 
tar format. The standard distribution 
medium for the PC version (LAR-15130) 
is a set of four 5.25-in. (13.335-cm), 
360K MS-DOS-format diskettes. The 
contents of the diskettes are com­
pressed by use of the PKWARE archiv­
ing software tools. The utility software to 
unarchive the files, PKUNZIP.EXE, is 
included. The UNIX version of MOM3D 
is also available as part of a package, 
COS-10048, that includes EM-ANI­
MATE, an IRIS program capable of dis­
playing and animating MOM3D results. 
This program was developed in 1992. 

This program was written by John F 
Shaeffer of Denmar, Inc., for Langley 
Research Center. For further informa­
tion, write in 165 on the TSP Request 
Card. LAR-15074115130 

Computing Interactions of 
Free-Space Radiation With 
Matter 

A user-friendly program 
provides dosimetric 
information for use in design. 

The High Charge and Energy Transport 
(HZETRN) computer program is a com­
putationally efficient, user-friendly pack­
age of software that addresses the prob­
lem of transport of, and shielding against, 
radiation in free space. HZETRN is 
designed as a "black box" for design 
engineers who are not concerned with 
the physics of the underlying atomic and 
nuclear radiation processes in a free­
space environment, but rather are primar­
ily interested in obtaining fast and accu-

rate dosimetric information for the design 
and construction of modules and devices 
for use in free space. Computational effi­
ciency is achieved by a unique algorithm 
based on a deterministic approach to the 
solution of the Boltzmann equation rather 
than the computationally intensive statisti­
cal Monte Car10 method. 

HZETRN is based on a space-marching 
formulation of the Boltzmann transport 
equation with a straight-ahead approxi­
mation. Furthermore, due to the long 
range of the Coulomb force and the large 
percentage of volume of material occu­
pied by electrons, the interaction of radia­
tion with electrons is treated as a continu­
ous slowing process. In developing the 
formalism for HZETRN, the nature of the 
transport coefficients (atomic and nuclear 
stopping power, nuclear scattering and 
absorption cross sections, and nuclear 
fragmentation cross section) had to be 
considered. Atomic (electronic) stopping 
powers with energies above a few MeV 
were calculated by use of Bethe's theory 
including Bragg's rule, Ziegler's shell cor­
rections, and effective charge. At suffi­
ciently low energies, at which nuclear 
stopping power becomes important, the 
nuclear stopping power theory of 
Undhard, Scharff, and Schiott as modified 
by Ziegler was used. Nuclear absorption 
cross sections were obtained by use of 
fits to quantum calculations, and total 
cross sections were obtained by use of a 
Ramsauer formalism. Nuclear fragmenta­
tion cross sections were calculated from a 
semiempirical mathematical model of 
fragmentation by abrasion and ablation. 

HZETRN includes a numerical algo­
rithm for interpolation, extrapolation, and 
integration and for generation of grids. 
This algorithm also controls local trunca­
tion and the propagation error. Con­
sideration is given to minimization of the 
number of energy grids to maintain effi­
ciency. Since fluxes of cosmic rays vary 
most rapidly at energies below 1 A GeV, 
HZETRN has been made to select a uni­
form logarithmic scale for the range grid, 
and the corresponding energy grid is cal­
culated on the basis of this selection. 

A design engineer using HZETRN can 
quickly obtain the integral flux, absorbed 
dose, or dose equivalent in tissue (water) 
in units of either centiGray (cGy) or 
centiSivert (cSv). These calculations are 
based on ICRP26 and ICRP60 quality 
factors behind various thicknesses of 
aluminum shield exposed to GCR at 
seven provided solar minima or maxima 
taken from 1958 to present. The flux and 
dosimetric results are presented for 59 
individual particle field isotopes. 
Cumulative results are presented for six 
charge groups (the values of Z, the atom­
ic number, being 0, 1, 2, 3-10, 11-20, 
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and 21-28) or as total dose for the entire transported particle 
field at various thicknesses. Furthermore, flux and absorbed 
doses are calculated as functions of linear energy transfer for 
biological studies. Typical run time for the case of an aluminum 
shield of 20 grams per square centimeter and a tissue (water) 
target of 5 grams per square centimeter is a few minutes on a 
VfV< 4000 computer. 

HZETRN is written in FORTRAN for DEC VfV<-series comput­
ers running VMS version 5.5. The amount of random-access 
memory needed depends on the size of the problem being 
solved. Documentation for HZETRN consists of six pages that 
detail the operation of the program, setup of input files, and how 
to interpret output. An electronic copy of the documentation is 
available in ASCII format on the distribution medium. The stan­
dard medium for distribution of this software is a 1,600 bitlin. 
(=630-bitlcm), 9-track magnetic tape in DEC VfV< BACKUP for­
mat. It is also available on a TK50 tape cartridge in DEC VfV< 
BACKUP format. HZETRN was developed in 1992. 

This program was written by J. W. Wilson, F. A. Cucinotta, J. 
L. Shinn, and L. W. Townsend of Langley Research Center; F. 
F. Badavi and R. K. Tripathi of Christopher Newport University; R. 
Silberberg and C. H. Tsao of the Naval Research Laboratory; and 
G. O. Badwar of Johnson Space Center. For further information, 
write in 3 on the TSP Request Card. LAR-15225 

@ Mathematics & Information Sciences 

Program Implements Variable-Sampling 
Procedures 

Tedious procedures are automated. 

The MIL-STD-414 Variable Sampling Procedures (M414) com­
puter program has been developed to automate the calculations 
and the acceptancelrejection procedures of MIL -STD-414, 
"Sampling Procedures and Tables for Inspection by Variables for 
Percent Defective." Prior to the development of M414, the use of 
MIL-STD-414 could be cumbersome and confusing to a non­
statistician: MIL-STD-414 requires some calculations plus exten­
sive referral to the tables in making a decision to accept or reject 
a lot. The process of calculation and reference to the tables is 
tedious and confuSing and can, therefore, result in errors. These 
difficulties have probably discouraged the use of MIL-STD-414 
and led to mistakes in applying it. 

M414 automates the entire calculation-and-decision process 
by use of computational algorithms that determine threshold 
acceptability values for lots. M414 is menu-driven and user­
friendly. The use of M414 can reduce the burden of manual oper­
ations, thus promoting variable-sampling practice in industry in 
lieu of "go/no-go" inspection. 

M414 is written in BASIC for IBM PC-series and compatible 
computers running MS-DOS. The program requires 512K of ran­
dom-access memory, an 80 x 87 math coprocessor, and a CGA 
monitor for execution. The Microway 87SFL Math Function 
Software Ubrary (Kingston, MA; 508-746-7341) and Microsoft 
QuickBasic v2.0 are needed to compile the source code. The 
standard distribution medium is one 5.25-in. (13.335-cm) 
diskette in MS-DOS format. Documentation is included in the 
price of the program. M414 was developed in 1993. 

This program was written by Zhaofeng Huang of Rockwell 
Intemational Corp. for Marshall Space Flight Center. For further 
information, write in 14 on the TSP Request Card. MFS-30004 
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Teledyne Relays' enhanced performance relay line 
is growing in your favor. The latest RF relays are the 
RF300 and the RF303 (sensitive coil version) . 

These relays provide improved RF signal repeatability to 
±O.l dB or better, over the frequency range up to 3Ghz. By 
balancing the aggregate insertion loss elements of the relays' 
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Mechanics 

Service Cart for Engines 
This unit assists a lone worker in moving an engine. 

Langley Research Center; Hampton, Virginia 

A cart supports the rear-mounted air­
cooled engine from a Volkswagen or 
Porsche automobile (see figure). With it, 
one person can remove, repair, test, and 
reinstall the engine of a car, van, or 
home-built airplane. 

The cart consists of a framework of 
wood, steel, and aluminum components 
supported by four wheels. The engine is 
lifted from the vehicle by a hydraulic jack 
and gently lowered onto the waiting cart. 
The jack is then removed from under 
the engine. The rear of the vehicle is 
raised just enough that the engine can 
be rolled out from under it. The cart cra­
dles the engine without denting or 
scratching it. The cart holds the engine 
low enough to clear the car and high 
enough to clear the jack. 

Once loaded on the cart, the engine is 
accessible for removal and installation of 
parts. The engine can also be tested in 
operation on the cart. The cart easily 
supports a 200-lb (gO-kg) engine. It can 
also be used to hold a transmission. 
With a removable sheet-metal top, the 
cart can also be used as portable seat. 

This work was done by Gim Shek Ng 
of Langley Research Center. For fur­
ther information, write in 164 on the 
TSP Request Card. 
LAR-14858 

The Service Cart is made from readily available materials. Fabrication of the cart involves 
only straight cuts and no complicated machining. 

Detecting Structural Failures via Acoustic Impulse 
Responses 
Adaptive lattice filtering of echoes yields data on sizes and locations of failures. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

An advanced method of acoustic 
pulse reflectivity testing is being devel­
oped for use in determining the sizes 
and locations of failures within struc­
tures. The method is related to electron­
ic, optical, and acoustic pulse reflectivi­
ty methods that have been used suc­
cessfully to detect breaks in electrical 
transmission lines, detect faults in opti­
cal fibers, and determine mechanical 
properties of materials, respectively. 
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Piezoelectric Transducer Steel Bar 

Section 6 / Section 1 

1111 0.5 m : 0.5 m : 0.5 m 1 0.5 m : 0.5 m ! 0.5 m 1- 0 Dis~:=ent 
I 3m I 

Input Output 

Figure 1. The Bar Is Vibrationally Excited at one end by using the piezoelectric transducer 
to apply an acoustic pulse. The resulting lengthwise acoustic displacements are measured 
optically at the other end. For purposes of analysis of the response, the bar is arbitrarily divid­
ed into M = 6 sections; more or fewer than 6 could be used. 
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In this method as in other acoustic 
pulse methods, the structure is vibra­
tionally excited with an acoustic pulse (a 
"ping") at one location and the acoustic 
response is measured at the same or a 
different location (see Figure 1). The 
measured acoustic response is digi-
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WITH DAMAGE IN THREE SECTIONS 

Figure 2. In a Computational Simulation 
of the Test Illustrated In Figure 1, the 
acoustic responses of the bar without and 
with damage in three sections were ana­
lyzed by the method described in the text. 
The analysis was successful in identifying 
the damaged sections and in estimating the 
extent of damage (reduction in cross-sec­
tional area) in each damaged section. 
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tized. then processed by a finite-impulse-response (FIR) filter­
ing algorithm that is unique to this method and that is based 
on the acoustic-wave-propagation and -reflection properties 
of the structure. 

One important feature of the underlying wave-propagation 
and -reflection theory is that the cross-sectional areas of 
structural elements can be computed directly in terms of the 
reflection coefficients of an optimal (adaptive) FIR Wiener filter 
realized in lattice form. This is fortunate in that many practical 
on-line techniques for estimating the parameters of optimal 
Wiener FIR filters are already available. This leads to the pre­
sent elegant method for detecting and localizing structural 
failures by using recursive, on-line techniques of estimation. 
This method offers several advantages over older failure­
detection methods: it does not require training, does not 
require prior knowledge of a mathematical model of the 
acoustic response of the structure, enables the detection and 
localization of multiple failures. and yields data on the extent 
of damage at each location. 

Figure 1 illustrates schematically the application of the 
method to a simple bar. which was the structure that was 
mathematically modeled in the initial development of the 
method. First, the impulse response of the bar is measured. 
By use of the acoustic inpuVoutput measurement data, the 
optimal FIR inverse transfer function of the bar is computed. 
The bar is then represented as a series of M sections (M is 
constrained by the output-sampling period) and the reflection 
coefficient (proportional to the cross-sectional area) of each 
section is calculated as in a lattice filter. 

Ideally. the acoustic impulse response of the bar is mea­
sured repeatedly and used to update the reflection coefficients 
and/or cross-sectional areas at the M-1 locations of the 
boundaries between the M sections of the bar. When some 
damage occurs, the cross-sectional area at the damage loca­
tion changes, resulting in a corresponding change in the 
reflection coefficient for that location. Thus. from the amount 
of change in, and identity of, the changed reflection coefficient. 
the extent and location of the damage are immediately known 
(see Figure 2). If damage occurs between two boundary loca­
tions, the reflection coefficients for both locations change. 

This work was done by David S. Bayard and San jay S. Joshi 
of Caltech for NASA's Jet Propulsion Laboratory. For fur­
ther information, write in 64 on the TSP Request Card. 
NPO-19167 

Constant-Flow Mixing Valve 
A ball valve provides continuous variation of 
mixture without altering net flow. 
Marshall Space Flight Center, Alabama 

The ball valve shown partially in the figure mixes two liquid 
flows in any desired proportion. The valve admits the liquids at 
ports A and B and releases the combined liquids at the outlet 
(port C). Turning the ball adjusts the outlet flow continuously 
from 100 percent liquid A to 100 percent liquid B. 

The orifices in the ball are contoured so that, together. they 
provide a constant rate of flow at the outlet and a constant 
pressure drop through the valve of the ball. 

This work was done by Joe Sega and Neil A. M. Peters of 
Allied Signal, Inc., for Marshall Space Flight Center. For fur­
ther information, write in 47 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)} 
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to Allied-Signal Aerospace Inc. Inquiries 
concerning licenses for its commercial 
development should be addressed to 

Allied-Signal Aerospace Inc. 
111 South 34th Street 
po. Box 5217 
Phoenix, AZ 85010 

Refer to MFS-28864, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 

Orifice A Orifice B 

FLOW PURE LIQUID A 

FLOW HALF LIQUID A, HALF LIQUID B 

FLOW MOSTLY LIQUID B 

FLOW PURE LIQUID B 

When Orif ice A of the Ball Is Coaxial with 
inlet port A, the outlet flow consists entirely 
of liquid A. As the ball is rotated clockwise , 
the part of orifice A exposed to port A 
decreases and the part of orifice B exposed 
to port B increases. The proportion of liquid 
B therefore increases, and that of liquid A 
decreases. The outlet flow (to port C) is not 
shown. 
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Computing Propagation of Sound in Engine Ducts 
An updated computer program is easier to use. 
Marshall Space Flight Center, Alabama 

The Frequency Domain Propagation 
Model (FREDOM) computer program 
accounts for acoustic loads applied to 
components of engines. In particular, 
the program models the propagation 
of noise through fluids in ducts 
between components and through 
passages within components. It can 
be used not only to analyze hardware 
problems, but also for design purpos­
es. FREDOM is an updated version of 
the FREQPL program, which was first 
developed in 1959. 

These programs were devised 
specifically for use in analyzing the 
acoustic loads in rocket engines, 
where noise generated in pumps, 
combustion chambers, and duct 
bends can be so intense as to cause 
mechanical failures, and where reso­
nances in ducts can amplify the 
effects of noise. The underlying physi­
cal and mathematical concepts imple­
mented in these programs should also 
be applicable to acoustic propagation 
in other enclosed spaces; they might 
be useful, for example, in analyzing 
process plumbing and ducts in indus­
trial buildings with a view toward 
reducing noise in work areas. 

The older program, FREQPL, is 
basically a matrix solver with plotting 
capabilities. Before running FREQPL, 
the user had to do all the preparatory 
theoretical and computational work, 
which included (1) writing the often 
complicated wave equations, flow 
equations, and other equations as 
they apply to the system to be ana­
lyzed, (2) putting the equations into 
matrix. vector form, and (3) entering 
the matrix elements into the computer 
by responding to program prompts 
one element at a time. This preparato­
ry work required an engineer with 
a high level of sophistication in 
acoustics and detailed knowledge of 
the system, consumed much time, 
and was highly susceptible to theoret­
ical and typing errors. Also, the matrix 
for FREQPL was set up to solve for a 
specific variable. Most of the time, 
results are needed at many locations 
(different variables) of the system. 
When using FREQPL, the preparatory 
work had to be repeated for each new 
variable. 

FREDOM incorporates the matrix 
solver of FREQPL, but it also auto­
mates the preparatory theoretical 
work, thereby greatly reducing the 
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acoustic response at one point along a duct to an acoustic excitation at another point along the 
duct. The peaks in the gain plot indicate the resonances of the duct. Also note a customary 
phase change in the accompanying phase plot at the resonance peaks. 
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probability of errors. FREDOM is a 
user-friendly and menu-driven code. It 
guides the user step by step through 
the analysis. The user needs only a 
good knowledge of acoustics. 

The user provides data that describe 
the duct or passage geometry, con­
nections, and properties of the fluid in 
the system via four input files. FRE­
DOM also accounts for boundary con­
ditions of the system automatically. 
The user merely states the type(s) of 
boundary condition(s) and the code 
incorporates the coefficients of the 
corresponding equation(s) into the 
coefficient matrix. Figure 1 shows the 
variety of boundary conditions handled 
by FREDOM. For example, if an accu­
mulator is needed, the user need 
merely specify its location, the type of 
gas, and initial pressure and volume. 
For most boundary conditions, it suf­
fices to specify locations only. 

FREDOM then constructs the matrix 
from the data provided by the user -
that is, FREDOM automatically does 
the equivalent of what the user would 
do in writing the acoustic equations for 
the system, but does it faster and more 
accurately. The matrix in FREDOM dif­
fers from that in FREQPL: the FRE­
DOM matrix contains the coefficients 
of the system equations that have 
been manipulated to put all variables 
on the left side; that is, the right sides 
of all the equations are set equal to 
zero. This matrix, along with the infor­
mation used to create it, is stored in a 
"system file". Once the system file is 
obtained, any of the variables can be 
set on the right side of the equations 
for calculation of the applicable fre­
quency response, without having to 
create a new matrix for each variable. 
Results can be plotted (see Figure 2) 
and/or tabulated. 

FREDOM works directly in the fre­
quency domain. In this respect, FRE­
DOM offers a great advantage over a 
time-domain code, the output data of 
which would have to be postprocessed 
to convert them ir,to the frequency 
domain. Postprocessing could add 
several hours to the overall computa­
tional process. In a large iterative analy­
sis (for example, probabilistic analysis 
of a system), a frequency-domain 
approach takes several days less than 
does a time-domain approach. 

This work was done by Silvia Saylor 
of Rockwell International Corp. for 
Marshall Space Flight Center. For 
further information, write in 248 on 
the TSP Request Card. 
MFS-29971 
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"The laboratory contacts 
given to us by the NTTC's 
technology access agent 
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-Paul Fischione 
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today! 
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Improved Selection of 
Structural-Load Safety Factors 
A more rational approach offers potential for 
optimization of design. 

Marshall Space Flight Center, Alabama 

An improvement in the deterministic 
method of selection of structural-load 
safety factors should make it possible to 
design structures that are more nearly 

Distribution of 
Applied Stresses 

ticed until now, strengths of materials 
and load-induced stresses have been 
treated as single-valued parameters, 
while universal safety factors that are not 

Distribution of 
Resistive Stresses 
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I'A = mean value of applied stress. 
"R = standard deviation of applied stress. 
nA = safety factor for stress (probability range factor for Ioad·lnduced stress). 
FA = design maximum applied stress = I'A + nA "A 
I'R = mean value of resistive stress = nominal value of u~imate tensile strength of material. 
"R = standard deviation of resistive stress (standard deviation of u~imate tensile strength of material). 
n R = safety factor for material (probability range factor for ultimate tensile strength of material). 
F R = design minimum tensile strength = I'R- nR"R. 

S = safety factor = ~ 
The safety factors SF, nA' and n Rare related to the statistical quantities by the following equation: 

Figure 1. A Margin of Safety can be considered to lie in the middle region of overlap of the 
tails of the statistical distributions of the applied and resistive stresses. 

optimum with respect to competing 
demands for both reliability and attribut­
es that detract from reliability (principally 
lighter weight, smaller size, and lower 
cost). Safety factors are the factors by 
which structures and components there­
of are strengthened in design to with­
stand loads greater than nominal design 
loads, the purpose being to ensure 
against failures under initially unknown 
but reasonably foreseeable overloads. In 
the deterministic method (which is really 
partly subjective, despite its name), safe­
ty factors are selected arbitrarily or on the 
basis of experience. For example, the 
conventional safety factor for tensile 
strength of a component is the ratio 
between the ultimate tensile stress that 
the material can resist and the stress 
applied by the nominal maximum design 
load. Normally, the maximum design 
load would not be allowed to exceed the 
tensile yield stress, so that the lower lim­
iting value of the conventional deter­
ministic safety factor (called the "lean" 
safety factor) is the ratio between the ulti­
mate and yield tensile stresses. 

In the deterministic method as prac-

equally realistic for all structural materials 
have been used to account for uncer­
tainties. This practice has led to overde­
sign of some noncritical components; on 
occasion, it has led to underdesign of 
critical components and consequent fail­
ures. In the improved deterministic 
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method, the selection of safety factors is guided partly by statis­
tical data on deviations of loads, stresses, and strengths of 
materiais from expected vaiues. Instead of considering the sin­
gle safety factor of the conventional deterministic method, one 
considers three safety factors, which are specified independent­
ly with respect to loads, stresses, and materiais respectively. 
These safety factors are combined into a single safety index, 
which is then used to support design trades among them and to 
compare the safety of different stressed regions in the same 
structure or in different structures. 

By incorporating the use of some statistical data, the 
improved deterministic approach involves some probabilistic ele­
ments, but not the complexity of a fully probabilistic approach. 
Rgure 1 presents an example of a simple component under uni­
axial tensile stress to illustrate the statisticai and probabilistic 
aspects of the improved approach and the relationships among 
the various safety factors. The deterministic safety index is com­
puted from the safety factors and the statisticai parameters indi­
cated in Figure 1; the deterministic safety index summarizes the 
information on the anticipated reliability of the stressed compo­
nent in the following way: the probability that the applied stress 
will not exceed the ultimate tensile stress that the material can 
resist is a function (typically, a cumulative normal distribution 
function) of the safety index (see Figure 2). 

This work was done by Vincent Verderaime of Marshall 
Space Flight Center. For further information, write in 45 on 
the TSP Request Card. MFS-28825 

Improved Tennis Racquets 
Have Tapered Strings 
The center of percussion is moved outward 
for better performance. 

Marshall Space Flight Center, Alabama 

One of the unexpected benefits of research in outer space is 
a design concept for a better performing tennis racquet. The 
essence of the concept is to taper the strings in such a way as 
to shift the center of percussion (also called the "sweet spot") 
toward the toe (the outer end of the racquet, farthest from the 
player's hand). 

This concept originated more than 20 years ago in NASA 
studies of networks of strings for connecting platforms in outer 

Center of Percussion in Improved DeSign 

Cenler 01 Gravity 

TYPICAL TAPERED SmlNG 
(DIAMETER SHOWN GREATLY EXAGGERATED) 

Displacement of the Center of Percussion away from the center of grav­
ity and toward the toe improves the power, feel , and control achievable 
with the racquet. The improvement involves the use of tapered strings. 
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space. Researchers found that changing 
the diameters of strings could radically 
change the stability of a network against 
vibration. This idea was inspired by an 
experiment in which a space-borne spider 
was coaxed to spin a good web and was 
observed to make its web with threads of 
nonuniform size. 

The major difficulty in designing a high­
performance tennis racquet arises from 
the difference between the position of 
maximum speed (the toe) and the position 
of optimum vibration (the sweet spot). In a 
typical older design, the sweet spot is at 
the geometric center of the strung area of 
the racquet. The impact of the ball on the 
sweet spot causes minimal kick or jar to 
be transmitted to the player's hand. 
However, the average player tends to 
strike the ball farther out toward the toe, 
and to obtain maximum power on serves, 
it is necessary to strike the ball as close as 
possible to the toe. Thus, performance 
can be improved by moving the sweet 
spot outward (see figure). 

In addition to increasing power on 
serves, tapering the strings to move the 
sweet spot outward improves the player's 
control and the feel of the racquet in the 
player's hand. An important element of 
improved control is increased stability: the 
racquet is less likely to twist in the player'S 
hand on off-center shots. An important 
element of better feel is better absorption 
of vibrations; this is especially important for 
players who have chronic arm problems. 

The optimization of the tapers of the 
strings for a given racquet design is based 
on the fundamental physics of vibrating 
strings. A computer performs the opti­
mization numerically, by use of a genetic 
algorithm. As its name suggests, a genet­
ic algorithm implements a mathematical 
evolutionary process that resembles bio­
logical evolution in some respects and 
that arrives at an optimized design (distri­
bution of mass along each string) by fol­
lowing a sequence of random design 
changes and preserving those changes 
that improve performance. 

The string material can be nylon, animal 
gut, or other naturally or artificially spun 
threads. The string can be attached to a 
conventional racquet frame. The required 
distribution of mass along each string can 
be achieved by spinning the string thicker 
or bonding different string materials along 
a central braid in the string. 

This work was done by David A. Noever 
of Marshall Space Flight Center. For 
further information, write in 11 on the 
TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be 
addressed to the Patent Counsel, 
Marshall Space Right Center [see page 
20]. Refer to MFS-28922. 
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Active Suppression of Vibrations on Aircraft Structures 
Sensors, controllers, and actuators generate compensatory vibrations. 
Langley Research Center, Hampton, Virginia 

A method of active suppression of 
nonlinear and nonstationary vibrations is 
being developed to reduce sonic fatigue 
and interior noise in high-speed aircraft. 
The structure of such an aircraft exhibits 
periodic, chaotic, and random vibrations 
when forced by high-intensity sound from 
jet engines, shock waves, turbulence, 
and separated flows. The developmental 
method of suppressing vibrations in­
volves feedback control: Strain gauges or 
other sensors mounted in the paths of 
propagation of vibrations on the structure 
sense the vibrations; the outputs of the 
sensors are processed into a control sig­
nal that is applied to the actuator mount­
ed on the structure, inducing compen­
satory forces. 

The basic active-vibration-suppression 
concept describes a feedback technique 
applied to the control of nonlinear vibra­
tion. One approach is directed toward the 
control of periodic motion of a panel that 
responds nonlinearly in the sense that it 

vibrates in harmonic and subharmonic 
modes, as well as in a fundamental mode, 
when acoustically excited at its resonant 
frequency (the frequency of the fundamen­
tal mode). The number, positions, and ori­
entations of the sensors are chosen so 
that the array of sensors yields sufficient 
information on the directions of arrival, am­
plitudes, and phases of vibrations. In re­
sponse, the control circuitry chooses am­
plitudes and phases of the compensatory 
vibrations such that the net amplitudes of 
the subharmonic and harmonic vibrations 
decrease, while the amplitude of the fun­
damental vibration increases. That is, the 
energy in the harmonics and subharmon­
ics is channeled into the fundamental (see 
figure) with conservation of overall vibra­
tional energy. Stated in yet another way, 
the state of vibration is converted from 
nonlinear to linear. 

A second approach is directed toward 
suppression of vibrations that are both 
nonstationary and nonlinear - e.g., 
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vibrations forced by impingement of 
shocks or from exhaust from a nearby 
supersonic jet engine. It is the first time 
that nonlinear, nonstationary structure 
response has been successfully con­
trolled. In this approach, opposing vibra­
tions are generated at whichever fre­
quency is momentarily that of the great­
est vibrational spectral peak. In this ap­
proach, energy is not conserved: in­
stead, energy is channeled from the 
greatest spectral peak to its harmonics, 
but with a net overall reduction in vibra­
tional energy and in acoustic radiation 
from the structure. 

This work was done by Lucio 
Maestre/lo of Langley Research Cen­
ter. For further information, write in 81 
on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be 
addressed to the Patent Counsel, Lang­
ley Research Center [see page 20]. Refer 
to LAR-15071. 
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Vibrational Spectra were measured in an experiment with and without active control. Active control channeled energy from the fundamental 
to the harmonics and subharmonics via phase cancellation. 

90 NASA Tech Briefs, March 1995 



Probe-and-Socket Fasteners for Robotic Assembly 
Self-alignment and simplicity of actuation make this mechanism amenable to robotic assembly. 
Lyndon B. Johnson Space Center, Houston, Texas 

A probe-and-socket fastening mech­
anism is designed to be operated by a 
robot. The mechanism is intended to 
enable a robot to set up a workstation in 
a hostile environment, for example. The 
workstation can then be used by an 
astronaut, aquanaut, or other human, 
who would thus spend minimum time in 
the environment. The human can con.­
centrate on performing quality work 
rather than on setting up equipment, 
with consequent reduction of risk. 

The mechanism (see figure) includes 
(1) a socket, which would be mounted 
on a structure at the worksite, and (2) a 
probe, which would be mounted on a 
piece of equipment to be attached to 
the structure at the socket. The probe­
and-socket mechanism is intended to 
be used in conjunction with a fixed tar­
get that would aid in the placement of 
the end effector of the robot during 
grasping, and with a handle or handles 
on the structure. The robot would move 
the probe near the socket and depress 
the actuator pin in the probe. The 
inward motion of the actuator pin would 
cause rearward motion of the axial pin, 
thereby allowing two spring-loaded 
lockpins to retract into the probe. The 
robot would then begin to insert the 
probe into the socket. 

Tapered grooves in the socket mesh 
with tapered ridges on the probe, 
thereby aligning the fastener parts and 
preventing binding . When the probe 
bottoms out in the socket, the robot 
releases its grip on the actuator pin. 
The resulting forward motion of the 
axial pin pushes the lockpins of the 
probe outward into mating holes (not 
shown) in the socket. Also, when the 
probe bottoms in the socket, additional 
lockpins in the socket spring into 
detents at about the mid length of the 
tapered ridges on the probe. 

This work was done by Karen Nyberg 
of Johnson Space Center. No further 
documentation is available. 

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, Johnson Space 
Center {see page 20]. Refer to MSC-
22028. 
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Machinery 

Grinding Glass Disks on a Belt Sander 
An attached unit shapes disks to dimensions within tolerances of most uses. 

Goddard Space Flight Center, Greenbelt, Maryland 

A small machine that is attached to a 
table-top belt sander makes it possible 
to use the belt sander to grind a glass 
disk quickly to a specified diameter 
within a tolerance of about ±0.002 in. 
(about 0.05 mm). The belt sander with 
this machine attached i.s intended to be 
used in place of a production-shop 
glass grinder, which is more versatile 
(able to grind tapers, cones, and other 
shapes as well as cylindrical disks), but 
is far more expensive, slower, larger, 
and more accurate than necessary for 
most applications. Whereas a typical 
production-shop glass grinder costs 
about $100,000, the attachment-and­
sander combination costs only about 
$6,000 (1993 prices). 

The belt sander is a standard com­
mercial unit equipped with a gravity-feed 
water-drip system that cools and lubri­
cates the disk and belt at the point of 
contact. The belt is of a diamond-abra­
sive type that cuts faster and lasts about 
1 ,000 times longer than carborundum­
type belts. A motor turns the 54-in. 

A 

(1 .53-m) belt at 1,725 r/min. 
The attachment includes a supporting 

frame, a motor-driven drive assembly, 
and a micrometer-driven slide that is 
used to adjust the position of the drive 
assembly (see figure). The drive assem­
bly holds the glass disk to be ground, 
pressing the edge of the disk against the 
sanding belt and rotating the disk in a 
direction opposite the motion of the belt. 
A technician adjusts the micrometer, 
which is graduated in increments of 
0.001 in. (0.0254 mm), until the glass 
disk has been ground down to the spec­
ified diameter. 

The glass disk is held by a vacuum 
chuck on the outer end of a hollow dri­
veshaft that protrudes from the drive 
assembly. The drive assembly rotates 
the shaft to turn the glass disk against 
the sanding belt at 18 r/min. An O-ring 
seals the glass disk to the vacuum 
chuck. The vacuum is supplied by an 
external vacuum pump through a hose 
to a cavity in the drive-assembly hous­
ing, then through a side hole into the 

axial hole in the hollow driveshaft. A pair 
of pressure-assisted lip seals around the 
driveshaft in the cavity of the drive­
assembly housing prevents leakage of 
air into the vacuum line. 

The vacuum chuck makes it unneces­
sary to fasten the disk with wax, as is 
done on production-shop grinders. 
Mounting the disk on the vacuum chuck 
takes only seconds instead of as much 
as a half hour when wax is used. The 
disk is released just as quickly, and there 
is no wax to clean from either the chuck 
or the disk. 

This work was done by James J. 
Lyons /1/ of Goddard Space Flight 
Center. For further information, write in 
6 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, Goddard Space 
Right Center [see page 20]. Refer to 
GSC-13580. 

Held on the Driveshaft by Vacuum, the glass disk is rotated while its periphery is ground by a continuous sanding bell. 
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Computing Dynamics of a 
Robot of 6+n Degrees 
of Freedom 
An improved formulation is widely applicable and 
requires less computation than do prior methods. 
Lyndon B, Johnson Space Center, Houston, Texas 

An improved formulation speeds and simplifies the compu­
tation of the dynamics of a robot arm of n rotational degrees 
of freedom mounted on a platform that has three translation­
al and three rotational degrees of freedom. This formulation is 
intended for use in dynamical modeling of robotic manipula­
tors attached to such moving bases as a spacecraft, aircraft, 
vessel, or land vehicle. Such modeling is an important part of 
the simulation and control of robotic motions. 

Prior formulations have been limited, for the most part , to 
stationary-base industrial robots that have specific configura­
tions, and have required more computation than could be 
performed in real time. The new formulation overcomes both 
limitations, offering the potential for real-time modeling, on 
typical computer workstations, of the dynamics of both fixed­
and moving-base robotic manipulators that have a variety of 
configurations. 

The improved formulation begins with Lagrange's equations 
of motion for the 6+n-degree-of-freedom system. (Gravitation, 
friction, backlash, and other complicating effects are not con­
sidered in the present version, but are expected to be taken 
into account in subsequent versions.) The kinetic energy of 
the system is partitioned into translational and rotational com­
ponents: This expedites the simplification of the equations 
through the use of basic vector identities. The resulting com­
ponents are summed to obtain an overall generalized set of 
equations of motion. The velocities and accelerations of the 
links of the robot arms are parameters in the generalized 
equations. Equations for these parameters are obtained by 
differentiation, with respect to time, of the equations for the 
positions of the centers of mass of the links. 

The generalized equations of motion are put in matrixOvec­
tor form. Intermediate parameters are introduced for simplifi­
cation. Coriolis, centrifugal, and cross-coupling terms are 
combined into a generalized forcing-function term, and inertial 
terms are factored out to form a mass matrix, in which ele­
ments are arranged in three block-diagonal groups that rep­
resent the translational degrees of freedom of the base, the 
rotational degrees of freedom of the base, and the rotational 
degrees of freedom of the joints of the manipulator, respec-
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The Computing Time required to conduct a representative dynamical 
simulation was found to increase only slightly more steeply than lin­
early with n. Typically, in prior formulations, the computing times 
increase more steeply with n, making real-time simulation impractical. 
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tively. In this form, the forward dynamics problem (given the 
forces and torques, find the accelerations) can be solved. 

The new formulation was tested in representative simula­
tions involving the six degrees of freedom of the platform and 
various n from 0 to 7. As shown in the figure, the computation 
time increased slightly more steeply than a simple linear 
dependence on n, but much less steeply than a quadratic 
dependence on n. 

This work was done by Leslie J. Quiocho of Johnson 
Space Center and Robert W Bailey of Uncom Corp. For fur­
ther information, write in 158 on the TSP Request Card. 
MSC-21751 

Improved Program for 
Calculation of Heat-Load 
Multiplier 
Repetitive calculations are accelerated and 
partly automated. 

Marshall Space Flight Center, Alabama 

The PRM1940 computer program computes a heat-load 
multiplier for use in the Power Balance Model (PBM) computer 
program. PBM calculates hundreds of operating parameters of 
the main engine of the space shuttle from relatively few mea­
surement data. PRM1940 is a stand-alone program which 
incorporates only those PBM calculations necessary 
to compute the heat-load multiplier. PRM1940 was developed 
to accelerate and partly automate the calculation of the heat­
load multiplier; previously, the heat-load multiplier was calculat­
ed in a time-consuming, labor-intensive procedure that involved 
multiple runs of PBM. Although these programs are specific to 
the space shuttle application, they may be of interest to engi­
neers concerned with monitoring of conditions in turbines, 
chemical-processing plants, and other high-temperature flow 
machinery. 

One of the parameters that PBM calculates is the rate of 
coolant flow in the main combustion chamber of the engine. It 
determines this rate in an iterative fashion by varying the rate 
until two independent methods of calculating the rise in 
enthalpy of the main-combustion-chamber coolant yield values 
that agree with each other. One of these enthalpy-rise calcula­
tions is based on measured temperatures and pressures. The 
other is based on a main-combustion-chamber reference heat 
load, which is scaled by the heat-load multiplier. Previously, the 
user supplied the heat-load multiplier. The user "tuned" the rate 
of flow to a desired value by use of this multiplier. 

PRM1940 reads files of data specified by the user and 
performs only those calculations that are necessary for the 
PBM iterative calculation of the rate of flow. PRM1940 calls an 
algorithm (known as the Osugi algorithm) that determines the 
desired rate of flow, then varies the heat-load multiplier until the 
rate of flow calculated via the PBM methodology matches the 
Osugi rate of flow. 

The resulting heat-load multiplier is written to a file in a format 
in which it can be incorporated directly into the PBM input file. 
The user enters this multiplier into PBM, which then calculates 
a rate of flow matched to the Osugi rate. 

This work was done by Mark D'Va/entine of Rockwell 
International Corp. for Marshall Space Flight Center. For 
further information, write in 102 on the TSP Request Card. 
MFS-30019 
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Manufacturing/Fabrication 

Automated Hardware-Identification System 
Compressed symbology will be used to reduce paperwork and coordinate flows of 
information and hardware. 

Marshall Space Flight Center, Alabama 

Computer-controlled peening and 
engraving machines have been used to 
apply compressed symbology to hard­
ware components made of a variety of 
metals, as part of a continuing effort to 
develop "paperless" systems for manu­
facturing and for tracking inventories. 
"Compressed symbology" denotes an 
emerging technology that involves one­
and two-dimensional arrays of surface 
depressions to form optically readable 
dots. These patterns are more durable 
and are generally denser than common 
bar codes are. Like bar codes, they con­
vey identification data in binary form and 
are read by optoelectric sensors. 
Computers and the compressed-sym­
bology engraving machines that they con­
trol will eventually constitute subsystems 
of "paperless" hardware-tracking and 
-identification systems that will coordinate 
flows of both identifying information and 
the identified parts themselves, along with 
ancillary information like work orders. 

The computer in an experimental sub­
system of this type identifies appropriate 
marking devices, converts identification 
data into marking code, and automatical-

Iy drives the marking operation. The soft­
ware that controls these functions guides 
the marking-machine technician through 
a brief, easy-to-understand question­
and-answer session. Future modifica­
tions of the software are expected to 
accelerate marking operations, eliminate 
the need for trial or practice marking, and 
reduce the incidence of errors. These 
modifications will include incorporation of 
optimum hardware-marking parameters 
and/or marking-machine-setup informa­
tion for each major type of material to be 
marked. In addition, import and export 
links to the user's host computer are 
being incorporated to enable verification 
of serial numbers and other part num­
bers before marking operations begin. 
Eventually, the computer will select the 
marking sequence on the basis of the 
data on the identity of each part. 

Plans for a prototype part-identifying 
subsystem call for a portable pen com­
puter with symbol-decoding software 
operating in conjunction with a hand-held 
charge-coupled-device video camera. A 
host computer will write the electronic 
equivalent of work-authorizing docu-

ments, which will be downloaded to the 
portable computer. Using the portable 
computer, a technician will call up the 
documents and use them to perform 
manufacturing operations. By use of the 
camera, data on identities will be 
acquired from compressed symbology 
on parts, employee badges, and menus 
that reside in the affected work areas. 
These data will be incorporated into the 
appropriate places in the electronic doc­
uments. Upon completion of manufac­
turing operations, updated information 
on the work status of identified parts will 
be downloaded to the host computer via 
radio transmission. 

This work was done by Harry F. 
Schramm, Jr., of Marshall Space Flight 
Center and Donald L. Roxby of Rockwell 
Intemational Corp. For further information, 
write in 93 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-28776. 

Quick-Connect, Slow-Disconnect Nut 
The nut would snap into engagement but would be turned conventionally for removal. 

Marshall Space Flight Center, Alabama 

The figure illustrates a proposed 
quick-connect, slow-disconnect nut that 
would be installed simply by pushing it 
onto a standard bolt or threaded stud. 
Once installed, it could be removed only 
by unscrewing it in the manner of a con­
ventional nut. 

The nut would include a hexagonal 
outer case that would resemble an ordi­
nary nut and would hold several shells in 
its hole. Each shell would include a key 
that would protrude radially outward and 
engage a lengthwise groove in the case: 
this would prevent rotation of the shell 
relative to the case. Most of the inner 
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SHELLS SHOWN IN NORMAL PosmON 

conical lMer Surface of Case Groove for Key 

SHELLS SHOWN PUSHED AXIALLY 
AGAINST COIL SPRING 

The Shells Would Be Pushed toward the wide end of the cone during installation, causing the 
shells to slide over the threads on the bolt. Then the spring would push the shells back toward the 
narrow end of the cone, causing the threaded inner surfaces of the shells to engage the bolt thread. 
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surface of the hole would be conical, and 
each shell would have a conical outer 
surface that would slide axially on the 
conical inner surface of the hole. Except 
in the gaps between the shells, the inner 
surfaces of the shells would collectively 
constitute a standard threaded surface. 
Two C-shaped spring clips would be 
snapped into recesses at the ends of the 
shells. These clips would push the shells 
outward against the conical inner surface 
of the hole, thereby also pushing them 
axially toward the wide end of the cone. 
A coil spring would provide sufficient 
force to overcome the axial force from the 
C-clips, pushing the shells axially toward 
the narrow end of the cone, where they 
would be stopped by a flange. 

In preparation for installation of the nut 
on a bolt, the nut would be oriented with 
the narrow end of the cone nearest the 
nut. The nut would then be pushed axial-

Iy onto the bolt, causing the bolt to push 
the shells, against the coil spring, toward 
the wide end of the cone, while the 
C-clips would push the shells radially 
outward. The shells would then slip past 
the external thread on the stud. 

Once the nut had been pushed as far 
as possible onto the bolt, the coil spring 
would again force the shells toward the 
narrow end of the cone, causing the 
shells to move radially inward and 
engage the bolt thread. Thereafter, the 
nut would be retained by the bolt; trying 
to pull the bolt out of the hole would only 
cause it to engage the nut more securely. 

The nut would then be secured further 
by rotating it clockwise in the usual way. 
The keys would force the shells to rotate 
with the outer case. This motion would 
drive the shells toward the narrow end of 
the cone until they squeezed radially 
inward against the bolt thread and/or 

were stopped by the flange at the narrow 
end of the cone. In acting as a hard stop, 
the flange would limit the outward force 
exerted by the shells on the case, there­
by preventing splitting of the case in the 
tightened condition. To remove the tight­
ened nut, one would simply rotate it 
counterclockwise in the usual way until it 
disengaged from the bolt thread. 

This work was done by Bruce 
Weddendorf of Marshall Space Flight 
Center. For further infolmation, write in 
244 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, Marshall Space Flight 
Center [see page 20]. Refer to MFS-
28833. 

Quick-Connect, Slow-Disconnect Bolt 
The bolt would be installed by pushing, but removed conventionally by rotation. 
Marshall Space Flight Center, Alabama 

The figure illustrates a proposed bolt 
that would function similarly to the device 
described in the preceding article, 
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"Quick-Connect, Slow-Disconnect Nut" 
(MFS-28833) . The bolt would be 
installed in a standard threaded hole 
simply by pushing it into the hole. Once 
inserted, the bolt could be withdrawn 
only by turning it in the conventional way. 

The bolt would include circumferential 
shells, each having a conical inner sur­
face that would slide on the conical 
outer surface of a shank. A key would 
protrude radially inward from each shell 
and would engage a lengthwise slot in 
the shank: this would prevent rotation of 
the shell relative to the shank. Except in 

the gaps between the shells, the outer 
surfaces of the shells would constitute a 
standard external thread. Each shell 
would have circumferential grooves at 
both ends. A C-shaped spring clip 
would wrap around all shells at each 
end, holding them against the conical 
surface of the shank. A coil spring would 
provide sufficient force to overcome the 
axial force from the C-clips, pushing the 
shells axially toward the tip of the shank 
(toward the wide end of the cone). 

When the bolt was pushed into a 
threaded hole, the first thread in the hole 

~ Keys 

-<::::"l.{{(/~conicallnner Surface of Shell 
Extemally Threaded Shells ____ ~ 

THREADS IN NORMAL POSITION, AS 
WHEN STANDING FREELY OR DURING 

ENGAGEMENT IN THREADED HOLE 

Conical Surface of Shank 

Flange (Hard Stop) 

THREADS PUSHED BACK, AS DURING 
INSERTION INTO THREADED HOLE 

During Installation, the externally threaded shells would be pushed back toward the 
narrow end of the cone, so that they would slide readily, into the threaded hole. Once the 
bolt had been inserted as far as possible into the hole, the coil spring would push the shells 
outward on the cone so that they would engage the thread in the hole. 
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would drive the shells back, away from the end of the bolt com­
pressing the coil spring. As the shells moved toward the narrow 
end of the cone, the C-clips would urge them radially inward. 
This action would reduce the outside diameter of the shells to 
less than the minor diameter of the thread in the hole. The shells 
would thus slip into the hole. 

Once the bolt had been pushed as far as possible into the 
hole, the coil spring would again force the shells toward the 
wide end of the cone. As the shells moved outward on the 
cone, they would come into engagement with the thread in the 
hole. At this pOint, the bolt would be positively retained in the 
hole; pulling the bolt would only drive the shells more firmly into 
the thread in the hole. 

Installation would be completed by turning the bolt clockwise 
to tighten it in the conventional manner: The keys in the shells 
would force them to rotate with the shank when the bolt head 
was turned: this motion would drive the shells toward the wide 

(outer) end of the cone, until they are stopped by the flange at 
the end of the bolt. This flange serves to carry almost all of the 
tension load of the bolt, with a small component carried by the 
conical surface. By increasing the diameter of the conical sur­
face, it can be made to carry more of the tension, which will pro­
duce a radial force to lock the fastener if desired. To loosen the 
bolt, one would simply turn it counterclockwise in the usual way 
until it disengaged from the threaded hole. 

This work was done by Bruce Weddendorf of Marshall 
Space Flight Center. For further information, write in 243 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, Marshall Space Flight Center [see page 20]. 
Refer to MFS-28829. 

Improved Growth of Cadmium Telluride Crystals From Vapo'rs 
High-quality crystals can be grown efficiently. 
Lewis Research Center, Cleveland, Ohio 

Effusive ampoule physical vapor transport (EAPVT) is an 
improved technique for growing high-quality crystals from 
vapors. EAPVT is likely to be used commercially for efficiently 
growing various semiconductor compounds in the form of sin­
gle crystals of high structural and compositional uniformity. 

Because crystals are grown from vapors at temperatures 
lower than those used to grow crystals from melts, the crystals 
grown from vapors are often purer and more nearly structural­
ly perfect. However, growth of crystals from vapors has largely 
been limited to preparation of layers rather than bulk crystals. 
This is because most workers in vapor growth have observed 
slow growth and complex transport behavior. Recent research 
has shown that these difficulties are not inherent features of 
crystallization from vapors but are largely consequences of tra­
ditional vapor-growth technology, which provides for only limit­
ed control of parameters of transport and growth. In particular, 
fluid-dynamic studies of vapor transport in closed ampoules 
have shown that the limitations on transport result from accu­
mulations of gaseous impurities around growing crystals. 

880 780 

Temperature, *C 

The EAPVT Apparatus is shown here in schematic cross section 
along with an idealized axial temperature profile. 
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The development of EAPVT was guided by these insights. In 
EAPVT (see figure). impurity vapors and excess (incongruent) 
components of the growth vapor(s) are continuously removed 
from the vicinity of the growing crystal by effusion through pre­
determined leaks to a vacuum. Transport under the resulting 
congruent vapor conditions is so rapid that it is necessary to 
take measures to limit transport rates to values conducive to a 
high degree of structural perfection of new growth onto a single-

For More Information Write In No. 464 99 
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GEAR SEGMENT 

ACCELERATIONIOECELERATION 
ROLLERS 

C yclo-Indexers unique, patented design 
require the lowest starting, stopping and peak torques. 

Lowest peak acceleration factor available. Gear teeth 
utilized for constant velocity. l/Sth to 2 1/2 output 
revolutions obtainable during one input revolution. 

Also Available: 
• Pick·N-Place 

• Patented Motion Design 
• Unlimited Motion Selection 

• Walking Beam Drive 
• Alternating Drive 
• Compound Indexing 

• Precision Quality 
• High Speed Capability 
• Engineering Support 
• Short - On Time Deliveries 

"THE RIGHT MOVE" 

t}\T£I~ttFr~ YOU~~i~~~ent Motion 

I~I."I A DIVISION OF 

~ "Il~ ~f.~ 
1129 w. FAIRVIEW AVE. · CARTHAGE. MO 64836 

(417) 358-6136· FAX (417) 358-8629 
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crystal seed plate. Accordingly, transport rates are controlled by 
use of capillary restrictions between the vapor source and the 
growing crystal. The EAPVT apparatus also includes an infrared­
reflective viewing port for optical in situ monitoring of the struc­
ture of the growing crystal, thereby enabling the efficient deter­
mination of optimal thermal and transport operating conditions. 

In an experiment, EAPVf was used to grow cadmium tel­
luride, which is important for making optoelectronic devices. 
Largely-single-crystal boules 25 mm in diameter and 25 mm 
long were produced within 48 hours: This demonstrated rates 
of growth that approach those obtained in melt growth of cad­
mium telluride. The boules exhibited dislocation (etch-pit) densi­
ties as low as 2 x 1 ()3 cm-2, low twin densities, and carrier con­
centrations = 8 x 1015 cm-3. Tellurium precipitates were limited 
to grain and twin boundaries, and optical absorption measure­
ments indicated high purity of the material. 

This work was done by Franz Rosenberger and Michael Banish 
of The University of Alabama in Huntsville and Walter M. B. Duval 
of lewis Research Center. Further information may be found in 
NASA TM-103786 [N92-16158/TB), 'Vapor Crystal Growth 
Technology Development - Application to Cadmium Telluride." 

Copies may be purchased [prepayment required} from the 
NASA Center for AeroSpace Information, User Services 
Division, Unthicum Heights, Maryland, Telephone No. (301) 
621-0394. Rush orders may be placed for an extra fee by call­
ing the same number. LEW-15737 

Enhancement of Water­
Jet Stripping of Foam 
A robotic water-jet system removes foam only; 
adjacent areas are spared. 

Marshall Space Flight Center; Alabama 
An improved robotic high-pressure-water-jet system strips 

foam insulation from parts without removing adjacent coating 
materials like paints, primers, and sealants. The robot can even 
inject water into crevices and blind holes to clean out foam, 
without harming adjacent areas. Developed for postflight refur­
bishing of aft skirts of booster rockets, the system includes a 
six-axis robot that has been provided with a special end effec­
tor and specially written control software, called Aftfoam. The 
system should be adaptable to cleaning and stripping in other 
industrial settings. 

The robotic system is used in place of a manually operated 
water-jet cleaner that inevitably removed peripheral coatings as 
well as the foam. It was then necessary to completely strip the 
coating by walnut-hull blasting, then recoat the surfaces. The 
use of the robotic system eliminates both the cost of full strip­
ping and recoating and the problem of disposing of toxic solu­
tions used in preparation for coating. Now, only minor touching 
up is needed on the surfaces adjacent to the removed foam. 

The robotic foam-stripping system blends readily into the 
existing production environment. The special foam-stripping 
end effector is designed to be highly reliable and requires only 
normal maintenance. No additional safety procedures are 
required . 

This work was done by Steven A. Cosby, Charles H. Shockney, 
Keith E Bates, John P. Shalala, and Larry S. Daniels of United 
Technologies Corp. for Marshall Space Flight Center. For fur­
ther information, write in 97 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-28851. 

NASA Tech Briefs. March 1995 
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• No Delay ... see full traces on monitor while recording 
• On-Board Data Analysis as well as by host program 
• Patented Twin Printhead Design ... 300 dpi laser printer 

resolution for clear, crisp traces 
• On-Board Signal Conditioning for voltage, temperature, 

pressure and strain recording 
• Front Panel Floppy Drive for personal chart and system 

setups 
• Data Capture ... store up to 32 megabytes in RAM; 170 

megabytes to internal hard drive; stream to external 2 
gigabyte drive via SCSI; archive to OAT or floppy drive 

• 8 to 32 Waveform Channels . .. plus 32 events; DC to 20 
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The MT95K2 lets you preview your data, record it, store it, 
play it back, analyze it, record it again, and more! For a basic 
8 channel recorder or a sophisticated 32 channel recording 
system, the MT95K2 is the perfect platform for you today 
and tomorrow! 

Phone, fax, or write for details. 

m JAstro-AfecJJ Inc. 
Astro-Med Industrial Park, West Warwick, Rhode Island 02893 
Phone: (401) 828-4000. Toll-Free (800) 343-4039 
Fax: (401) 822-2430 • Telex: 710-382-6409 
Sales and Service Centers in london, Paris, Frankfurt, 
Milan and Rome 

Astro-Med is system certified to ISO-9001 
For More Infonnation Write In No. 485 



Mathematics and 
Infonnation Sciences 

Detecting Faults by Use of Hidden Markov Models 
The frequency of false alarms can be reduced. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Faults in a complicated dynamic sys­
tem (e.g., an antenna-aiming system as 
shown in the figure, a telecommunica­
tion network, or a human heart) can be 
detected automatically by a method of 
automated, continuous monitoring. The 
basic idea is to obtain time-series data 
by sampling multiple sensor outputs at 
discrete intervals of t and to process 
the data via an algorithm that deter­
mines whether the system is in a nor­
mal or faulty state. The algorithm imple­
ments, among other things, a hidden 
first-order temporal Markov model of 
the states of the system. A mathemati­
cal model of the dynamiCS of the sys­
tem is not needed. 

The present method is the "prior" 
method mentioned in "Improved 
Hidden-Markov-Model Method of 
Detecting Faults" (NPO-18982), NASA 
Tech Briefs, Vol. 18, No. 8 (August 
1994), page 44. The monitoring prob­
lem can be stated as a data-classifi­
cation problem: Let there be k sen­
sors, the collective outputs of which 
constitute a k-dimensional output vec­
tor y(t) , where t is time. Given the 
sequence of y(t) sampled at discrete 
intervals of t, infer the current state of 
the system; that is, assign the data to 
a class that represents the current 
state of the system. 

In the present method, one assumes 
that at any given time, the system can 
be in only one state (the ith state, 
denoted OJ;) , which is a member of a 
finite set of m states. Only the state OJ1 
is deemed normal; the other states (OJ2 
through OJm) are deemed faulty. It is 
assumed that all faults and their symp­
toms can be identified in advance by 
testing, Simulation, and/or use of 
design information, and that a data 
base called a "fault library" can be gen­
erated for both the normal and faulty 
states: the fault library consists of pairs 
of symptom vectors and class (state) 
labels of the form {yj' OJ ivY}, 1 $; j $; N, 
where N is the total num15er of pairs in 
the library. 

The sampled data y(t) are not used 
directly but instead are first pre­
processed into feature vectors ~t) that 
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Antenna-Aiming System 

Parameter-Estimation Model 

Estimated 
Parameters 

Parameter/State Probability Model 

Hidden-Markov­
Model Calculations 

TIme-Correlation Model for 
Dependence of States 

Instantaneous Estimates 
of Probabilities of States 

Estimates of 
Probabilities of 
States at Time 

i-------"1 t + T 
Hidden-Markov­

C'a'I~~i;;ti~lns~----+- Model Calculations f---... 

Decision on State of 
System at TIme t 

The Hidden-Markov-Model Method Was Tested by using it to diagnose faults in the elec­
tronic/electromechanical aiming system of a large astronomical antenna. This method 
yielded fewer incorrect diagnoses of normal or faulty conditions than did other methods. 

NASA Tech Briefs, March 1995 



represent relevant statistical characteris­
tics of the time series and are assumed 
to be sufficient to characterize the sys­
tem. For this purpose, consecutive 
sampling intervals t are grouped into 
consecutive blocks of time, each T = Wt 
long (where W is an integer), and the 
feature vector for the block at time t is 
given by 

8(t) = f(y(t), y(t- -r), ... , y(t - T)) 

The state of the system is not directly 
observable but must be inferred from ~t) . 

The first-order temporal Markov 
model used in this method involves the 
assumption that 

P(Wi(t~wP-T)aJj(t-2n .. . , Wjm) 

= ~wi (t)Fj(t- n) 

where p denotes conditional probability. 
This equation means that the condition­
al probability of any current state, given 
knowledge of all previous states, is the 
same as the conditional probability of 
the current state, given knowledge of 
the state at time t - T. Hence, assuming 
stationarity, to calculate the probability 
of any state at time t, one need know 
only p(w j(t) I~ (t - T)) plus the initial 
state probabilities 7r = p(co1(O), ... , 
wm(O)), which can be derived from mean 
times between failures or other gross 
failure statistics. The m x m matrix A, 
given by ~j = P (~ (t)lcq(t - T)), is known 
as the transition matrix and character­
izes the Markov model. Given A and n, 
one can calculate the probability of any 
state at any time t. 

The space available for this article 
does not allow a detailed description of 
the use of the hidden Markov model. 
Briefly, one computes the current poste­
rior probabilities of the states by a recur­
sive algorithm that involves Bayes' rule, 
the present feature vector, the immedi­
ately preceding posterior probabilities, 
and the transition matrix. The use of the 
hidden Markov model thus provides for 
incorporation of the temporal context in 
conjunction with traditional classifica­
tion. The Markov-model approach can 
reduce the false-alarm rate significantly 
by taking advantage of any time-domain 
redundancy that may be present. 

This work was done by Padhraic J. 
Smyth of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 122 on the TSP 
Request Card. NPO-18946 

NASA Tech Briefs, March 1995 

The new Hitachi HV-C20 provides a breakthrough in 3-chip 
color camera performance. Newly developed C-mount 
prism optics allow a much smaller and less expensive 
total package. Consider these features: 

• 3 - 1/2" IT CCDs • C-mount lenses 
• 700+ line resolution • Extremely small size 
• 60dS SIN ratio • Integration up to 60 fields 
• f8.0 at 2000 lux • Field on Demand (FD) 
• AGC • Computer control 

Call for a demonstration 

=== Hitachi Denshi America, Ltd.=== 
• New York 516-921-7200 • Atlanta 404-242-3636 • Chicago 708-250-8050 
• Los Angeles 310-328-6116 . Dallas 817-488-4528 • Canada 416-299-5900 

For More Information Write In No. 463 



Life Sciences 

Microfermentation Test for Identification of Yeast 
Results can be obtained in days instead of weeks. 

Lyndon B. Johnson Space Center, Houston, Texas 

A microfermentation test has been 
developed as a supplementary method 
for use in identifying yeasts, especially in 
clinical and environmental studies. In 
comparison with traditional fermentation 
tests, the microfermentation test is sim­
pler and easier, and it requires less 
equipment, material, and laboratory 
space. The microfermentation test is 
also faster; it yields a conclusive result 
within 3 to 5 days, whereas a traditional 
fermentation can take 3 to 4 weeks. The 
greater speed of the microfermentation 
test can sometimes make a great differ­
ence in a clinical setting; in the case of a 
potentially fatal yeast infection, treat­
ment must be started promptly, and the 
correct treatment depends on the iden­
tification of the yeast species. 

The microfermentation test differs 
from traditional fermentation tests in the 
details of implementation, but is based 
on the same principle. The basic idea is 
that each species of yeast ferments one 
or more carbohydrate(s), producing car­
bon dioxide. Thus, an unknown species 
of yeast in a suspension of cells can be 
identified by incubating samples of the 
suspension in media that contain differ­
ent carbohydrates and looking for the 
presence (positive result) or absence 
(negative result) of carbon dioxide after 
the incubation period. 

The microfermentation test is per­
formed in a microtiter plate, which is 
essentially a plastic strip or plate dim­
pled with small wells that are numbered 
for identification. The volume of each 
well is a fraction of a milliliter. Usually, the 
microfermentation test is performed with 
eight different media; a control medium 
that contains no carbohydrate, and 
seven media that are similar except that 
each contains a different carbohydrate. 
In preparation for the microfermentation 
test, a microtiter plate of at least eight 
wells (one well for each medium) is ster­
ilized with ultraviolet light. 

The control medium is a basal medi­
um that consists of distilled water con­
taining peptone at a concentration of 7.5 
x 10-3 g/mL and yeast extract at a con­
centration of 4.5 x 10-3 glmL. Solutions 
of the seven carbohydrates are pre-
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pared, each solution consisting of one of 
the carbohydrates at a concentration of 
8.5 x 10-2 glmL in distilled water. A vol­
ume of 100 I-lL of the basal medium is 
placed in each well. Then to each well 
except the control well, 50 I-lL of the car­
bohydrate solution designated for that 
well is added. Next, 50 I-lL of the sus­
pension that contains the unknown 
yeast cells is added to each of the eight 
wells. Each well is then sealed by pour­
ing 25 I-lL of a molten, sterile, soft wax 
into the well on top of the liquid con­
tents. 

After allowing the wax to cool, the 
microtiter plate is placed with the sealed 
side down in a sterile Ziploc TM (or equiv­
alent) closable plastic bag in an incuba-

Bubble in Well 

tor at a temperature of 30 °e. The wells 
are observed daily for the production of 
CO2 gas. In a well with a positive result, 
part or all of the medium is forced out by 
the formation of gas, as indicated by a 
bubble or by complete emptying of the 
well (see figure). In the control well and in 
any other well with a negative result, no 
gas is formed, as indicated by the fact 
that the well remains completely filled 
with its liquid medium. 

This work was done by D. L. Pierson 
of Johnson Space Center and S. K. 
Mishra and Thomas C. Molina of KRUG 
Ufe Sciences. For further information, 
write in 103 on the TSP Request Card. 
MSC-22377 

Wax Seal Candida albicans Plastic Bag 

Empty Well Well Filled With Medium 

Saccharomyces cerevisiae 

Test Carbohydrates in the Numbered Wells: 
1. Glucose 2. Galactose 3. Maltose 4. Sucrose 5. Lactose 6. Raffinose 7. Trehalose 
C. Control 

Two Different Species of Yeast - Candida albicans and Saccharomyces cerevisiae -
yielded positive results in different carbohydrate media in a microfermentation test. 

NASA Tech Briefs, March 1995 



Slow-Release Fertilizers 
for Plants 
Pellets provide all of the micronutrients needed 
by plants of a given species. 

Lyndon B. Johnson Space Center, Houston, Texas 
A synthetic mineral provides growing plants with nutrients, 

including micronutrients (those consumed in trace quantities). 
The mineral dissolves slowly in moist soil or in a hydroponic 
solution, releasing its constituents. 

The mineral is a synthetic apatite (which normally includes 
calcium phosphate and related compounds) into which the 
nutrients calcium, phosphorous, iron, manganese, copper, 
zinc, molybdenum, chlorine, boron, and sulfur are incorporated 
in the form of various salts. The table lists the starting materials 
used to synthesize the mineral. 

The synthesis begins with the preparation of three stock 
solutions: 
• Solution A - Compound 1 (see table) is dissolved in 0.5 L of 

20 percent NH3 in water. 
• Solution B - Compounds 2 through 7 are dissolved in 

0.46 L of deionized water, then 0.04 L of 20 percent NH3 
water is added. 

• Solution C - Compounds 8 through 11 are dissolved in 20 
mL of deionized water. 
Solution 8 is stirred vigorously into solution A, then solution 

C is added and the mixture is stirred for another 5 min. The mix­
ture is allowed to stand for 18 h, during which time the precip­
itate settles to the bottom. The supernatant liquid is then 
decanted and the precipitate is washed several times in deion­
ized water. The washed precipitate is baked for 2 h at a tem­
perature of 200 °C, then 2 h at 400 °C. The dry precipitate cake 
is crushed and pressed into pellets with 2.5 percent by weight 
lignosulfonate as a binder. 

Each pellet has a homogeneous inorganic composition. The 
composition can readily be adjusted to meet the precise needs 
of a plant. 

This work was done by Douglas W Ming of Johnson Space 
Center and 0. C. Golden of the National Research Council. For 
further information, write in 159 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, Johnson Space Center [see page 20]. 
Refer to MSC-21953. 

Synthetic 
Apatite Is 

Number of Moles Prepared from 

Chemical in Solution solutions of a 
variety of 

1 Ca(NOa)2 • 4H2O 0.7272 chemicals. The 
2 (NH4hHP04 0.328 concentrations 

3 Na2C03 0.2 reflect the 

4 NH4CI 0.2 needs of a 

5 Na2B40 7 0.003 
plant for vari-
ous nutrients. 

6 (NH.JsMOr024· 4H2O 9 X 10--7 

7 (NH4)2S04 0.02 

8 Fe(NOah· 6Hp 0.Q1 

9 MnCI2 0.006 

10 Zn(N03h 0.002 

11 CU(N03)2 6.3 x 1O--S 

NASA Tech Briefs, March 1995 

Sorbothane- patented 
visco-elastic material 
absorbs and dissipates 
unwanted energy and 
outperforms rubber and 
other materials by 
providing: 

elmpactAbsorpfion 
Vibration Isolation 

e Sound Damping 
e Excellent Memory 
eLowCreep 
e Quick & Cost-Effective 

Custom Molding 

~otbothilne Inc. 
2144 State Route 59, PO Box 178, Kent, Ohio 44240 

216/678-9444 FAX 216/678-1303 

For More Infonnatlon Write In No. 441 

Multi-layered 
Piezoelectric 
Actuators 
Micro positioning devices that make 
equipment faster and more accurate 
when used in place of solenoids 
and mechanical devices_ 

Use in ultrasonic applications, 
including active vibration 
dampening. 

• microns of expansion 

• microsecond response time 

• nanometer resolution 

• co-fired for greater load bearing 
and reliability. 

• standard and custom sizes 

Morgan Matroc Inc 
A Electro Ceramics Division 

~ ~ ... ~ ... ~ 
232 Forbes Road 
Bedford, Ohio 44146 USA 
(216) 232-8600 
Fax: (216) 232-8731 
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MATROC 
Leaders in ceramic technology 

For More Infonnatlon Write In No. 442 105 



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 

Stresses in and Near a 
Bend in a Thin-Walled Duct 

A report describes a computational 
study of distributions of stresses in and 
near a 900 bend in a thin-walled duct 
subject to various applied loads. The 
purpose of this study was to help satisfy 
the need for more accurate knowledge 
of local concentrations of stresses 
caused by the loads: such knowledge 
would make it possible to design light­
weight ducts to survive reasonably fore-

continued from 
Mission Accomplished, page 14 

fed Formulaid are comparable to levels in 
breast-fed babies. Last year, Formulaid 
was incorporated into pre-term infant for­
mula and launched in Belgium and, 
recently, the British Nutrition Foundation 
recommended that infant milk formulas 
should include DHA and ARA at levels 
normally found in human milk. 

Martek also produces a series of algae­
derived stable isotope biochemicals for 
use as laboratory reagents to support 
discovery and design of new drugs. One 
of the company's patented growth media, 
known as Celtone M, is formulated to 
improve researchers' ability to determine 
the three-dimensional structure of human 
proteins through nuclear magnetic reso­
nance (NMR) spectroscopy. 

Celtone M is a mixture of amino acids 
in which each atom is labeled with a sta­
ble isotope, for example, carbon-13 or 
nitrogen-15. "Our algae are very good at 
incorporating stable isotopes. We bubble 
up carbon-13 dioxide and feed them 
potaSSium nitrate made entirely with 
nitrogen-15 atoms. The algae take these 
inorganic salts and make amino acids, 
which we separate and feed to mam­
malian cells," explained Linsert. "So, 
now, when the cells express a protein, 
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seeable operating conditions with some 
degree of reliability. Such knowledge 
could also guide the selection of loca­
tions for mounting strain gauges to mea­
sure local stresses for comparison with 
computed values, thereby contributing to 
refinement of theoretical concepts and 
computational techniques. 

This work was done by J. B. Min and 
P. K. Aggarwal of Marshall Space Flight 
Center. To obtain a copy of the report 
"Effect of Type of Load on Stress Analysis 
of Thin-Walled Ducts, " write in 55 on the 
TSP Request Card. MFS-28863 

Mathematics & 
Infonnation Sciences 

Reliability-Engineering 
Manual 

A tutorial book discusses principles 
and practices of reliability engineering. It 
begins with a brief historical discussion 
that illustrates the growing awareness of 
concepts of reliability and the conse­
quent emergence of reliability engineer­
ing as a discipline. It reviews aspects of 
algebra, calculus, probability theory, and 
failure physics pertinent to reliability cal­
culations. Mathematical models of relia-

each atom provides a signal that can be 
picked up using NMR. You can locate 
each carbon-13 and nitrogen-15 atom 
geographically. Therefore, you can know 
the protein's structure." 

The new growth medium could prove 
a boon to researchers conducting struc­
ture-based drug design. In this discipline, 
drugs are developed by soMng the 3D 
structure of target receptors, the sites on 
cells to which the drugs will bind. Cettone M 
labeled with carbon-13, nitrogen-15, and 
deuterium may enable the structural 
determination of proteins more than 
twice the size of those studied to date 
using NMR techniques. In 1994, Martek 
entered into agreements with Columbia 
University and the Genetics Institute for 
using the medium to determine human 
protein structures. 

Further, Martek is developing minimally­
invasive diagnostic products for detec­
tion of gastrointestinal disorders, such as 
small intestine bacterial overgrowth, fat 
malabsorption, liver malfunction, and lac­
tose intolerance. The tests involve inges­
tion of a capsule containing a specific 
carbon-13 labeled compound, after 
which breath samples are collected peri­
odically and analyzed for their carbon-13 
content. The breath tests have the 
potential to replace invasive and expen-

bility based on exponential distributions 
are explained. Examples of prediction 
using rates of failure are presented, along 
with a technique for allocating rates of 
failure to elements of a system. A discus­
sion of the probability-density and cumu­
lative probability functions [with emphasis 
on the normal (Gaussian) distribution) pro­
vides the basis for analysis of tolerance 
and wearout failure. Methods of testing for 
reliability are discussed. Mathematical 
models of the reliability of software are 
presented. Types of software, defects in 
software, and the concept of software 
quality are presented, followed by a dis­
cussion of how software quality is imple­
mented. The final chapter discusses what 
is involved in setting up a reliability-man­
agement program and organization. 

This book was compiled by Vincent R. 
Lalli of Lewis Research Center, and 
Henry A. Malec of Digital Equipment Corp. 
along with a team of contributors. Further 
information may be found in NASA RP-
1253 [N92-324561TB] "Reliability Training." 

Copies may be purchased [prepayment 
required] from the NASA Center for 
AeroSpace Information, User Services 
Division, Unthicum Heights, Maryland, 
Telephone No. (301) 621-0394. Rush 
orders may be placed for an extra fee by 
calling the same number. LEW-15857 

sive procedures such as endoscopies 
and biopsies for certain conditions. 

Martek also has initiated a search for 
microalgae-derived pharmaceutical drugs. 
Today's drugs are derived mainly from 
bacteria, plants, and fungi. The plant­
derived pharmaceuticals, for instance, 
currently account for 25 percent of all 
drugs, yet come from just 40 species. 
The tens of thousands of algal species 
hold the same potential but have never 
been exploited due to problems of large­
scale monoculturing-problems Martek 
has solved. 

The company has accumulated the 
world's largest commercial living library of 
microalgal species, more than 1800 
species, and developed the only known 
computerized database comprising all of 
the organisms in their library. Currently, 
Martek is screening the library for active 
compounds that may have pharmaceuti­
cal potential for the treatment of antibiot­
ic-resistant bacteria or be effective against 
infectious fungi. Martek is collaborating 
with Merck & Co. and other pharmaceuti­
cal companies in this screening effort. 

For more information about the tech­
nology described in this article, contact: 
Martek Biosciences Corp., 6480 Dobbin 
Road, Columbia, MD 21045. Tel: 410-
740-0081; Fax: 410-740-2985. 

NASA Tech Briefs, March 1995 



New on the Market 

Marketech International, Pittburgh, 
PA, has unveiled a new class of 
ultrafine nanophase ceramic pow­
ders having a typical diameter of 20 
nm and a surface area of 109 m'/g. 
The materials includesilicon nitride 
(Si,N.), silicon carbide (SiC), a com­
posite of sil icon/nitride/carbide, sil i­
con dioxide (SiO,), and boron car­
bide (B.C). Just a -few thousand at­
oms in diameter, these materials have 
unique forming characteristics for 
plastic deformation and, because of 
their large surface area, are highly 
reactive. 
for More Information Write In No. 718 

The computer-controlled and fully 
integrated AWS-150 orbital arc 
welding system from Weld logic Inc., 
Chatsworth, CA, increases weld con­
trol while lowering the skill level 
required for operation. A full line of 

f----------------l orbital tube weldheads accommo-

-j O""OSOff - . 
i I -... I i 

, .... + I 7~1 
+- - ---+------+--- -..... 

dates circular tubes from 0.093- to 
4.0-inch diameters. Front panel dial 
versions also are available. 
for More Information Write In No. 715 

Pressensor pressure sensitive film 
from Inteque Resources Corp., Fort 
Lee, NJ. provides a lasting visual 
record of pressure and pressure dis­
tribution across an entire area of 
contact between surfaces. When 
sandwiched between parts, the film 
immediately produces an image of 

• PC Based Capture, Process, Annotate, Analyze ... 
• Input up to 8 sources - Simultaneously 
• SMPTE VITC, TIL, Clock, or Keyboard Triggering 
• Menu, "CO, or RS-232 control 
• Formats: RS-170 @ 30 Ips, CCIR @ 25 Ips 
• Non-standard cameras @9000+lps 

Call or fax 
for details 

Tel 7084651818 
Fax 708 465 1919 

© 1994, EPIX, Incorporated, 381 Lexington Drive, Buffalo Grove, IL 60089 USA Analog Devices, Norwood, MA, is the contact area in shades of red. It 
offeringtheAD8011 operational am- is available in 9.5" x lOS' sheets. 

plifier with a 300-MHz bandwidth for More Information Write In No. 719 rr;;;;;;;;;;;;;;;;;;;;;;;;;;;;~Fio~r~M~oir~eiil~n~fo~r~mi7at;;;i;;;o;;;n;;;w;;;;;;;ri;;;te;;;;;;;in;;;;;;;N;;;o;;;_;;;4;;;4;;;3;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;, 
on a maximum of 1 mA supply cur-l~~~ii?~~~~~==~ I I 
rent, consuming up to 5 mW from II 
one +5 V supply. The device uses a 
two-stage circuit architecture and is 
priced at $1.95 in lots of 1000. For 
processing high-speed video signals, 
it offers 0.1 dB gain flatness to 25 
MHz, 0.02% differential gain, and 
0.06° differential phase error. 
for More Information Write In No. 707 

Targa Electronics Systems Inc., San 
Ramon, CA, has announced a 500 
MB SCSI solid-state disk that has no 
moving parts, thereby eliminating 
data loss due to mechanical failure. 
The FLASH Memory architecture 
allows hard disk read-write compat­
ibility requiring no additional soft­
ware drivers. Designed for environ­
ments too severe for rotating media, 
the disks can operate under vibra­
tion (1 0 g, 5-2,000 Hz), shock (50 g), 
high altitude (50,000 ft), and tem­
perature extremes (-40 to +85 °Cl . 
for More Information Write In No. 714 
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DataLab Solution, a data acquisi­
tion package released by Labora­
tory Technologies Corp. , Wil­
mington, MA, incorporates an 8-
channel analog input board and a 
matched version of Notebook data 
acquisition software. Priced at $199 
and designed to broaden the avail­
ability of computerized data acqui­
sition beyond major research facili ­
ties, the package provides eight 12-
bit Single-ended analog input chan­
nels, eight bits of digital input, and 
eight bits of digital output. 
for More Information Write In No. 717 

The Oce 9575-S, an innovative plot­
ter/copier/scanner fromOce-Bruning, 
Chicago, IL, incorporates LED elec­
trophotographic technology to ad­
dress both input and output of paper 
and digital documents in CAN and 
EDMS environments. A scan-to-file 
option allows the user to copy, scan, 
store, retrieve, view, edit, print, and 
finish documents in one multifunc­
tion system, at 400 dpi and up to 2 
"E" -size documents per minute. 
for More Information Write In No. 716 

Announcing 
The Second Annual 

sBIR TECHNOLOGY 
OF THE 

YEAR AWARDS 
Has your company developed a novel, commercially 
promising technology/product through the govern­

mem's Small Business Innovation Research (SBIR) 

Program? You may be eligible for a 1995 SBIR 
Technology Of The Year Award, presented by the 
Technology Utilization Foundation in cooperation with 
SBIR-sponsoring agencies of the federal government. 

Nominees will have the opportunity to showcase their 
technology/product at Technology 2005, the world's 

largest tech transfer conference and exhibition 

(Oct. 24-26, Chicago), and will be featured in the 

pages of NASA Tech Briefs. 

To learn more about this prestigious national award 
and obtain a nomination packet, call Wayne Pierce at 
(212) 490-3999 or write in no. 444. 
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Streamline quick disconnect couplings for 
plastic tubing cut fluid handling costs 25% 
o Simplify plastic tubing connections 
o Push-button for quick di connect 
o Valves top fluid flow and loss 
o No leaks, prevents spills 
o 1/16"to 3/8"ID plastic tubing 

Send for brochure and our catalog. 

cPc,· COLDER PRODUCTS CO. 
1001 Westgate Drive· 5t. Paul, MN 55114· Phone 612-645-0091 

Fax 612-645-5404· Call Toll Free 1-800-444-2474 

For More Information Write in No. 445 

POWERFUL FRONT PANEL SOFTWARE 
"C" LIBRARY W/SOURCE AVAILABLE 

SCOPE AND LOGIC ANAL VZER 
HIGH SAMPLING RATE 

HUGE BUFFER 
10 CHANNELS 
200 MSa/Sec. 

OSO Channels 
2 Ch. up to 100 MSa/s 

or 
1 Ch. at 200 MSa/s 
64K or 4K Samples/Ch 
Cross Trigger with LA 
125 MHz Bandwidth 

Logic Analyzer Channels 
8 Ch. up to 100 MHz 
64K or 4K Samples/Ch 
Cross Trigger with DSO 

$1799 - OSO-28204 (4K) 
$2285 - OSO-28264 (64K) 
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Call (201) 808-8990 

~. Link Instruments 1'_ 369 Passaic Ave, Suite 100, Fairiield, NJ 07004 fax: 808-8786 

For More Information Write in No. 446 

New on the Market 

The MathWorks Inc., atick, MA, is 
offering a fuzzy logic software tool 
that integrates with and extends the 
company'sMATlAB technical com­
puting and SIMULI K graphical 
simulation environments to stream­
line development of intelligently­
controlled processes. The Fuzzy 
logic ToolBox 1.0 makes fuzzy tech­
nology accessible for all phases of Mono-Grippers, a new line of grip­
product development, from research pers from ZAYTRAN, Inc., Elyria, 
and design to simulation and imple- OH, haVing one stationary and one 
mentation of real-time systems. Fea- moveable jaw, were developed for 
tures include five GUI-driven edi- fixed automation systems that handle 
tors for each phase of fuzzy logic single-sized parts and do not need a 
design and support for state-of-the- centering gripper's flexibility. Engi­
art fuzzy logic algorithms. neered to go 10,000,000 cycles, the 

f-Fo_r_M_o_r_e_ln_fo_r_m_at_io_n_w_r_il_e_ln_N_o_._7_00-1 gripper bodies are hardcoated to 

Staktek Corp., Austin, TX, has an­
nounced the Uniframe Stakpak™ 
memory modules, a stacked stan­
dard TSOP design that offers density 
improvements of two to four times 
that of standard, Single-chip pack­

maintain position repeatability to 
within 0.00", while the cylinder 
bores are treated to improve seal life 
and minimize friction. 
For More Information Write In No. 710 

aging with similareledrical and ther- Comlinear Corp., Fort Collins, CO, 
mal performance. Available in stacks has unveiled two 400 Mbit/sec se­
of 2 through 8, each module has a rial digital cable drivers designed to 
memory capacity of 64-256 MB for conform to the SMPTE 259M stan­
FLASH, 2-32 MB for SRAM, and 32- dard for the transmission of seria l 
128 MB for DRAM. Also avail able digital video signals. The drivers 
are SIMM solutions with up to 128 accept Single-ended or differential 
MB in a 72-pin SIMM formal. ECl input signals (-0.8 V/-l .6 V) and 
For More Information Write In No. 711 
~~E~=-!!i;;;:;~;~;l drive Single-ended ECl levels 
I (800mV ) over AC-coupled back-

matchecl"'75Q video loads. 

The Real-Time Graphics Tools for 
Windows, an advanced program­
mer' s toolkit developed by Quinn­
Curtis, Needham, MA, allows the 
user to create real-time monitoring, 
process control, and scientific infor­

For More Information Write In No. 704 

lubralloy·, a chemically deposited, 
hard nickel-a lloy plating process 
from Microfin Corp., Providence, 
RI, produces a uniform, smooth, 
and wear-resistant coating on com­
plex shapes. Conferring low-friction 
advantages to moving parts, the plat­
ing works optimally with aluminum, 
titanium, stainless steel, high nickel 
alloys, and copper. Abrasion- and 
corrosion-resistant, the coating can 
extend wear life up to four times. 
For More Information Write In No. 702 

mation displays. The package in- t-------------j 
cludes a collection of dynamic graph 
types-scrolling, sweep, logic, and 
bar graphs, xy plots, annunciators, 
text, and meters- that can be up­
dated in real time with smooth scroll­
ing and a minimum of redrawing 
and fl icker. A variety of static chart 
types also is supported a'nd lED 
indicators, buttons, scroll bars, and 
check boxes can be added to any 
graphics window. 
For More Information Write In No. 713 

AbTech Corp., Charlottesville, VA, 
has announced a Windows version 
of AIMTM (Abductive Information 
Modeler), a modeling tool that au­
tomatica Ily models parameters such 
as prices, expert judgments, prob­
abi lities, fuzzy values, costs, sensor 
readings, and control settings. AIM 
often can produce more accurate 
and robust models than neural net­
works and regression techniques. 
For More Information Write In No. 705 
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New on the Market 

A portable SCSI target tester has 
been introduced by Ancot Corp., 
Menlo Park, CA, for stress testing of 
direct-access, CD-ROM, optical 
memory, and other devices. Run­
ning as a stand-alone unit or under 
the control of a PC, all results are 
saved in non-volatile memory. The 
device measures SCSI command 
timings with 100-nsec resolution, 
automatically scans the SCSI bus for 
up to 15 testable targets, and sup­
ports the new SCAM protocol. 
For More Information Write In No. 703 

The Zero Path Encoder, ZPE-100, 
from Opti-Cal, Los Osos, CA, is a 
holographic linear encoder system 

L-~~-~----~~--i with resolutions from 3 to 200 nm. 

E-A-R Specialty Composites, India­
napolis, IN , has formulated 
ISOLOSS~ HD polyurethane elas­
tomer, a proprietary damping and 
isolation material that controls un­
wanted mechanical energy in ap­
plications ranging from shock con­
trol in miniature disk drives to noise 
and vibration reduction in indus­
trial assembly equipment. The ma­
terial can be applied to gasketing, 
sealing, constrained-layer damping, 
and vibration isolation. 
For More Information Write In No. 712 

Scantek Inc., Silver Spring, MD has 
announced Distiller"'. data man­
agement software that combines 
signal processing and graphics with 
relational database architecture to 
derive select information from 
masses of raw data In complex data 
analyses. For example, in finding 
the largest magnitude signal from 
15-channel recordings of 40 differ­
ent operating modes, Distiller can 
reduce analysis time by a factor of 
25. The package includes modules 
for statistics, analysis of complex 
vibration signals, and computation 
of frequency response. 
For More Information Write In No. 701 
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The highly stable unit features quartz 
scales combined with a read head 
just 0.5" high, and overa ll repeat­
abi lity of <0.01 micron. It includes 
quadrature and up/down outputs. 
For More Information Write In No. 708 

Vertex Technologies, Cincinnati, 
OH, has introduced the Automati!.. 
Supply Depot, a computerized dis­
pensing system from which workers 
can obtain or return small tools, 
maintenance supplies, and other 
industrial items. The computer auto­
matically updates inventory, ac­
counting, and purc.hasing records of 
items dispensed and returned. 
For More Information Write In No. 709 

MicroStation Modeler TM, a tightly 
integrated, ACIS-based solids mod­
eling environment, has been re­
leased by Bentley Systems Inc., Exton, 
PA. It enables users to combine sol­
ids, surfaces, and wireframes to de­
scribe complex parts, while select­
ing from parametric, explicit, or fea­
ture-based deSign. Featuring thin 
shelling and assembly management, 
it provides a full set of standards. 
For More Information Write In No. 720 

Computer Systems Technical Sup­
port, Anaheim, CA is offering the 
UCT -2000 universal continuity 
tester, a PC-based system for testing 
and certifying cables, wire har­
nesses, and other wiring devices as 
well as backplane and equipment 
racks. The drop-in system offers dis­
tributed switching capability, using 
a 15-pin cable that begins at the 
controller and daisy-chains through 
the expansion units as necessary. 
The maximum number of test points 
is 28,000, in incremenls of up to 
512 points per expansion unit. 
For More Information Write In No. 706 

Compact, PC-programmable, 
acceleration data recorders for 
multi-channel, multi-event field 
data acquisition. Self-contained 
1 & 3-axis, and 9-channel units 
offering up to 24MB data stor­
age. Fully user-<:enftgurable digi­
tization (30Hz - 24kHz), trig­
gering, and signal conditioning 
allow for truly "smart" field op­
eration. Recorder setup and 
data playback & analysis on 
your PCI Battery powered for 
self-contained operation for 3.0: 
~ 
• VEHICLE VlBRAnON 
• ACCEL: DECEL PROFILES 

• ORV SHOCK & VIB LEVELS 
• CRASH DUMMY TESTS 

• CRASH RECORDING • SHOCK ABSORBER TESnNG 
• SUSPENSION YlBRAnON • RIDE QUAUTY 

For More Information Write in No. 447 

Precision Flying Requires 
Precision Materials. Eigiloy® 

• Resists Stress & Cracking 
• Corrosion Resistant 

• Non-Magnetic • Long Fatigue Life 
• Performs ConSistently 

in Temperatures Ranging 
From - 3000 to 8500 F 

Eigilo¥, Limited Partnership 
.......... ~ .. _ .... 1565 Fleetwood Drive 
~ ¥J!:oJ" Elgin, IL 60123 

Over 40 
Alloys in 

Strip 

AND 
Wire 

.. Tel: (708) 695-1900 
Fax: (708) 695-0169 

Pratt & Whitney and GE Approved 

For More Information Write in No. 448 109 



Custom-built 
to solve 

your toughest 
sealing 
problem 

We have devel-
oped and built over 

3,000 distinctly differ-

W 
ent types of seals to 

meet a wide range of size 
and configuration requirements for a diversity 

of applications. 
We'll build a custom seal to solve your next 

closure problem. Call or write for design assistance. Illustrated 
literature is available. 

~SE~F~T~~~~~~H~~S~~~~!~2N 
368 MARTI N EL DRIVE . KENT, OH 44240-4368 USA 
(216) 673-8410· FAX (216) 673-8242 

New Literature 

An eight-page RULO GD M 2000 
design guide from FURO ,Bristol, 
RI , describes the five grades of this 
high-perfo rmance material, lists 
technical characteristics of each, and 
describes critical applications in 
which it has replaced metals, ce­
ramics, and plastics. RULO GD M 
2000 features a wide operating tem­
perature range, high strength and 
rigidity, and inherent lubricity and 
can be formed or injection molded 
into various shapes and machined 
to extremely close tolerances. 
For More Information Write In No. 721 

A 71-page processing brochure for 
VictrexGD PEEK, a high-temperatu re 
thermoplastic, is available from Danfoss Electronic Drives, Rock­
Victrex USA Inc., West Chester, PA. ford, IL, has introduced its 1995 
The literature details the steps nec- product catalog and engineering 
essary to provide proper care during guide to adjustable speed drives for 
handling, drying, and rework. A se- ACand DC motor control . The 224-
ries of graphs illustrates the effects page catalog describes the 25 mod­
of melt temperature on viscosity at a els in the VL rat2000 and 3000 series 
range of shear rates for the various ofAC drives, spanninga horsepower 
PEEK grades. Also included are range of 1/2 to 300 hp; the Cycletrol 
graphs illustrating the flow length Series DC controls; and the 
that can be achieved at different VariSpeed DC and R400 regenera­
section thicknesses under various tive DC adjustable speed contro ls. 
molding cond itions. For More Information Write In No. 730 

For More Information Write In No. 733 I 
For More Information Write In No. 449 1--------------1 A new ine of rotary actuators is 

_ _ ____________ .....:.:..::......:.:....:.:..:..:....:...:..:.... _ __ ~ highlighted in a catalog from PHD, 

• LOW AND HIGH volume J.I.T. 
deliveries/S.P.C. controlled 

• HIGH INT~GRITY Automotive, Aerospace, 
Commercial and Government castings 

• ADVANCE QUALITY SYSTEM Compliance 
with ISO-9000 International Aerospace, and all 
leading commercial and government specs. 

• CAD/CAM DESIGN thru completed assemblies 
• FULL IN-HOUSE laboratory & testing facili ties 
FOR QUOTES FAX BLUEPRINTS TO 216-47~6611 

't C THOMPSON 4860Chaincraft Rd. 

~ 
Cleveland, Ohio 44125 

CASTING CO.,INC. Phone: (216) 581·9200 
FAX: (216) 475·6611 
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An B1-page product guide from 
Compac Engineering Inc., Paradise, 
CA, describes the company's flow, 
liquid level, and temperature switch 
sensors. The Series 5 liquid/gas flow 
sensing switches offer five flow trip 
point settings and detect in a range 
of .OOB to 1.0 GPM. The Series 10 
liquid level sensing switches can 
sense or control almost any liquid, 
mount up or down, and perform 
open or closed switch functions. 
For More Information Write In No. 729 

Edmund Scientific Co., Barrington, 
NJ. has published a 236-page tech­
nical reference and catalog of its 
custom optical solutions for cur­
rent CCD cameras, which may re­
quire more than a standard C-mount 
lens. The reference offers solutions 
to tighter packaging requirements 
and non-traditional configurations. 
For More Information Write In No. 732 

Inc., Fort Wayne, IN. Series RA ac­
tuators feature a high-strength steel 
alloy rack, one-piece pinion shaft, 
and free floating pistons that provide 
breakaway pressures less than 5 psi 
for low friction. Oversize sealed ball 
bearings and large pinion shafts per­
mit shaft stability under heavy load­
ing and high load-stopping ability. 
For More Information Write In No. 725 

New lines of transducers, test in­
strumentation, and accessory 
equipment are introduced in a bro­
chure from Ohio Semitronics Inc 
Hilliard, OH. The company offe;~ 
more than 3S standard fY10dels of 
AC and DC watt, var, current, and 
voltage transducers as well as trans­
formers, relays, signal converters, 
and demand meters. 
For More Information Write In No. 722 
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New literature 

Total Power International Inc., 
Lowell, MA, has released a 24-page 
catalog describi ng linear and switch­
ing power supplies from lOW to 
1500 Wand DC/DC converters from 
1 W to 150 W. Open frame, box, 
PCB, VME rack mount, and encap­
sulated styles are available. 
For More Information Write In No. 723 

The latest edition of the PC/I04 
Resource Guide from the PC/ 104 
Consortium, Mountain VieVv , CA, 
provides an overview of the PC/1 04 
standard and a cross-reference of 
products and functions. Product list­
ings from 125 of the consortium's 
member companies include PCl 1 04 
modu les and other PC/104-related 
boards, peripherals, and software. 
The PC/1 04 modules' small size(3.6 
x 3.8 in.) and low power require­
ments (typically 1-2 W per module) 
make them well-suited to embed­
ded control applications. 
For More Information Write In No. 731 

5pring-Fast® composite grommet 
edging is described in a brochure 
from Device Techno logies Inc. , 
Marlborough, MA. The easy-to-in­
stall edging protects wires and cables 
from abrasion due to sharp corners 
and rough surfaces. A polymer coat­
ing provides a durable, smooth, and 
non-conductive surface. 
For More Information Write In No. 726 
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Copyright Your Software, published 
by Nolo Press, Berkeley, CA, pro­
vides details on how to maximize 
copyright protection for software. 
The book is intended to enable any­
one involved in software develop­
ment-programmers, publishers, 
contractors, or developers-to reg­
ister a copyright without a lawyer. 
For More Information Write In No. 724 

De-Sta-Co, Troy, MI, has released a 
100-page handbook of clamping 
solutions, which provides extensive 
technical information on manual 
and power clam ping devices. Chap­
ters address toggle clamps, the uni­
versal workholder, workholder de­
sign principles, hold-down action 
clamps, squeeze action clamps, and 
straight-line action clamps. 
For More Information Write In No_ 728 

The 32-page Automation Compo­
nentsApplication Guide, H90J from 
Techno-Sommer Automatic, New 
Hyde Park, NY, offers application 
and selection guidelines for more 
than 2300 off-the-shelf automation 
components. The gUide spotlights a 
wide variety of robotic grippers, in­
cluding friction types such as pivot­
ing arm, parallel, remote control, 
mini finger, tube, wide jaw, uollet, 
needle, and toggle tongs. Also dec 
scribed are applications for pneu­
matic tool changers, swivel units, 
linear cylinders, and suction cups. 
For More Information Write In No. 727 

A catalog of modular pulse-pro­
cessing electronics and semicon­
ductor radiation detectors is avai 1-
able from EG&G Ortec, Oak Ridge, 
TN. It contains tutorial information, 
appl ications advice, and instrument 
selection charts for research scien­
tists in a variety of disciplines. Fea­
tured new products include nuclear 
spectroscopy, mu ltichannel scaling, 
mass spectrometry, LlDAR, fluores­
cence lifetime, single-photon count­
ing, picosecond timing, and gamma­
ray or alpha-particle spectroscopy. 
For More Information Write In No. 734 
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Heating a medical device? 
We have the perfect prescription! 

Flexible Thermofoil™ heaters are the sure cure for chronic 
heating ailments: Easy to apply as a flexible bandage, yet 

capable of uniform, efficient heat. Proven performance in 
diagnostic devices, catheters, fluid warming, respirators 

Etched-foil element with chemical-resistant polyimide 
insulation . Orop-in-place subassemblies with integral 

sensors, connectors, metalwork, flex-circuitry . Optional 
factory mounting . Full range of temperature controllers 

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

Telephone: (612) 571-3121- FAX' (612) 571-0927 

For More Information Write In No. 451 

• 61dBSNR 
• 30 MSPS on 2 ch. 
• Very Deep Buffers 
• Up to 32 ch. Systems 

CompuScope 6012 

Drivers in 
C, Pascal , 

BASIC, 
Windows DLL. 

LabVIEW, 
LabWindow5, 

DasyLab, 
HyperSignal ... 

Worldts Fastest 12 Bit AID Card 
CSLlTE 8 bit/40 MSPS 116K $595 
CS220 8 bit / 40 MSPS 1 256K $1,995 
CS250 8 bit 1 100 MSPS 132K $3,500 
CS1012 12 bitl20 MSPS 1512K $4,995 
CS6012 12 bitt 60 MSPS 1512K $6,995 

CALL 1-800-567-GAGE 
Gage Applied Sciences Inc. 
5465 Vanden Abeele, Montreal, Quebec, Canada H4S 151 G a GC! 
From outside North America, call + 1-514-337-6893 
Fax : (514) 337·8411, BBS : (514) 337-4317 

For More Information Write In No. 452 
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MARKETPLACE To Advertise - Call (212) 490-3999 

RUGGED, HIGH PERFORMANCE AND 
LIGHT WEIGHT SYSTEM WITH 
COLOR Tn LCD VGA DIPLAY 

ST-3500LCD STANDARD FEATURES INCLUDE: 
• 14 SlOT PASSIVE BACK PlANE, ISA/EISA,IPa 
• 300WATT 110/220'1 AC S0400HZ POWER SUPPlY 
• 804860X2-66 OR PEIfflUM 60/66/90 CPU CARD 
• 10.4" m COlOR DISPlAY. 640X480X2S6 COlORS 
• SHOCK ISOLATED DRIVE CAGE TO MOUNT ONE 3.S" AND 

lWO S.2S" HAlF H8GHT DRIVES 
• 2 SERIAL AND 1 PARALLEL PORTS, MS OOS 6.22 
AVAILABL£ IN VARIOUS AND CUSTOM CDNAGURAnONS. 
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. 577 

ARE YOU STILL TRYING 
TO MEASURE VERY THIN 
GAPS THE HARD WAY? 

Capacitec HPS Series of thin (back to 
back) sensors can measure gaps as 
small as 0_010"(.254mm) inboard 84 " 
(2133.6mm) with accuracies of 0.0003" 
(7.6I'm), w ithout scratch ing deli cate 
surfaces. 

:: Capacitec 
P.O. Box 819, 87 Fitchburg Rd:, Ayer, MA 01432 U.S.A. 
Tel. (508) 772-6033 • Fax (508) 772-6036 
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For More Infonnation Write In No. 580 

1724 Picasso Ave. 
Davis, CA 95616 
916.757.3737 
916.753.5141 FAX 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

"' __ "'a:.Ilndustry" 
Free 130 page product catalog from Rolyn. 
world's largest supplier of "Off-the-SheH" optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beam splitters, 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. 578 

Eliminate Damaging 
ESD with Staticide~ 

ACL!tatlcTde. 
Specialists in Static Control 

1960 E. Devon Ave., Elk Grove Villoge, Il60007 
1·800· 782·8420 

Free DSP Catalog 
Discover !he l:uest revolution in Digital Signal Processors, 
!he ADSP-2l06x Super Harwrd ArchileClUtc Computer 

from Analog Delices, Inc. We are ready to deih-er HARC 
boards and modules for your PC-based DSP applications 

today. We've been !he foremost supplier of PC solutions for 
ADI DSPs for years and our new SHARC products maintain 

and advance our leadership role. CalJ 8itlWare today, 
because you\'e ~t a 101 on your plate, and SO do we. 

.,A ftE RF<~~!CIS 
WIU""U' ,\ 

800·848·0436 
33 North Main Streel • Concord, NH 03301 

FAX: 603-226-6667 • E-Mail: biltware@bittware.com 

For More Infonnation In No. 579 

Low-Pass 
Filter Boards 

-

• - 1 

• Compatible with any AID converter 
• Expandableup to 8 fil terandlor gain channels 
• Flexible: choose from 8-pole elliptic, linear 

phase,Bessel, Cauer, and Butterworth filter types 
• GainsofO_S to 2,000 for ±1 OV input 
• ProgrammablecutofffrequencyrangeoflHz 

to I OOkHz (up to 250kHz optional) 

Call for complete data sheets 

714·850·9984 
Fax 714·850·9987 

2900 Bristol St., #E-101. Cosla M~sa. CA 92626 

For More Infonnation Write In No. 581 For More Infonnation Write In No. 582 

You Can Turn Your PC Into A Waveform Recorder! 
Today's most advanced data recording sys­
tems are not paper chan recorders. They're 
paperless, PC-based data acquisition sys­
tems from Dataq Instruments. We've re­
placed traditional instruments in a variety of 
applications with low-cost and flexible alter­
natives that save our customers thousands in 
paper costs alone. Factor in the producti vity 
gains of computer-based analysis, and you 
have a solution you can' t afford to ignore. 

• Battery-powered and desktop solutions 

• Hard copy to any graphics printer 

• Sample rates of 1 to 500,000 Hz 
• Connects from 1 to 240 channels to any PC 

DATAQ INSTRUMENTS, INC. 

800·553·9006 
For More Infonnation 

CALL FOR 
FREE 
INFORMATION 
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We want to shock, 
fatigue, distort, 
vibrate, rotate, 

radiate, electrify, 
freeze, and burn 

your product! 
(That's how we make it better.) 

DAYTON 1. BROWN, INC. wants to test 
your product, really test it. We offer 
the most complete range of testing 
resources available in one centralized 
faCi lity, including some cutting edge 
technology no other lab has. We're 
involved throughout the entire design 
process and greatly reduce cycle time. 
We'll help you develop a better product 
and that means a better bottom line. 
If you're not using DAYTON 1. BROWN, INC. , 
your product hasn't been tested! 

Aerospace · Automotive · Shipboard 

Medical, Commercial, & Consumer Electronics 

Telecommunications · Transportation 

European Compliance 

Life Cycle · Environmental Stress 

Qualification • Climatic · Dynamic 

EMI/EMC with Anechoic Facilities 

Electrical Transients · Radiated Susceptibility 

Lightning · FCC · TEMPEST 

Reverse Engineering · Hydraulic · Pneumatic 

OptiCS • Space • Structural • Fatigue 

Data Acquisition/Systems Integration 

Hardware/Software/Network Benchmarking 

Total Calibration Management Service'" 

Better Testing. A Better Produd.SM 

Internet: test@dtbrown .com 
Phone: 516-244-6219 Fax: 516-589-4046 

For More Information Write In No. 453 



SURFACE 
MOUNT 

ADHESIVES 
Designed To Your Specifications 

• One part system 
• Exceptionally fast cure speeds 

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

refrigeration 
• Convenient packaging 
• Superior bond 

strength 
• Void-free cures 
• Repairability 

For More Information Write In No. 454 

For More Information Write In No. 455 

THE TECHNOLOGY CONNECTION 
To Advertise Call (800) 944-NASA 

SBIR PROPOSAL WRITER SOFTWARE 
SAVE MONEY 

SAVETlME 

AVOID CONFUSION 

IMPROVE QUALITI 

INCREASE PRODUCTION 

GET ORGANIZED 

The SBIR-WRITER-I Software assists finns in preparing responsive proposals. 11 is a mUff for pupa ring winning prfJ­
pOIl1ls fo r Department of Defense SrmlI Business Innovation Research Program contracts. 

The SBIR-WRITER-I is needed when: For each proposal, SBlR-WRlTER-I : 
• You want <0 be sure to meet all the RFP requirements • Prepares a derailed and comprehensive proposal oucline 
• Your internal proposal resources are limited • Lists specific questions/requirements to be answered 
• You want a high quality proposal • Simplifies the input assignments and preparation 
· You wane (0 save time and money in writing proposals 
• You have problems maru>ging proposals and writing teams 

. You want to avoid clerical/production problems 

• Prepares a COst proposal 
• Integrates the various inputs into a printed proposal 

SBIR-WRITER-I is compatible with Small Business Admi nistration Directives and DoD Solicitations. It can be used 
on any IBM compatible PC with Microsoft WORD or WordPerfect word processing software. Both SBIR­
WRITER-I versions are included in 5- 114" and 3-1/2" disks. The motkst pric< will payoff tangibfJ in uducing pr,/,a­
ration tim< (thereby saving money) and produce a better (more likely to win) proposal. Call Wayne Pierce at 212-
490-3999. 

Tech Trarufer Ewmt. 

Army Research Laboratory 
(ARL) Materials Directorate 
has developed several ferroelectric 
composne ceramics for application 
in phased array antennas and other 
devices. These materials have elec­
tronic properties which can potential­
ly revolutionize the commun ica­
tions industry. Patent licensing 
and Cooperative Research 
and Development Agreements 
(CRADAs) are available for these 
materials In bulk, thick and thin film 
forms. 
Contact: Mr. Thomas Gilroy 
ARL-MD 
Attn: AMSRL-MA 
Watertown, MA 02172-0001 
(617) 923-5449 

INVENTORS: GET YOURS! 
Uncle Sam Wants to Give You 

VENTURE CAPITAL 
Through the SBIR Program, the Federal Government gives away $400 
million each year for R&D for Inventions lust like yours. Rnd out how to 
get your shate. Venture capnal from the U.S. Government, an aU-new 
68-page paperback available for just $10 (+ $2" p&h), outlines how to 
classify your invention, contact funding sources, and improve your 
chances of winning a grant. Contents include Phase I/IVIII descriptions, 
step-by-step procedures, key addresses, sample forms. Author John 

~===========:::::;-] Washing-ton, a former AF 
officer, is a certified DOD 
acquisi t ion professional. 
Order today: send $12 to 
VR Engineering, checks 
payable to Associated 
Business Publications, c/o 
ASP, 41 E. 42nd St., SUITe 
921, NewYor1<, NY 10017. 

INVENTORS 
If you have an invention for 

sale or license, write for our 

FREE booklet explaining how we 

can help you. Kessler 
Sales Corp., Dept. C-67-5 

Fremont, Ohio 43420 

MANUFACTURER WANTED 
Inventor and experienced robot designer Leonard Schectman seeks a qualified manu­
facturer to bring his patented design for a FLEXIBLE ACTUATING SCREW to mar­
ket. This screw, in combination with a frictionless nut comprising roller bearings 
for threads, produces curvilinear motion, such as bending the fingers of an artificial 
hand for amputees. Gus Geil of Micro Mo, the leading DC gearmotor maker who 
supplied the motors for the prototype, pointed to many applications in the medical 
and robotic fields, including surgical drills, burrs, and abrasion equip­
ment, and imaging, scanning, and positioning devices. An experi­
enced aerospace mechanical engineer calls it "ideal for actuators 
on large panel type structures." Publication in a top design jour­
nal drew more than 200 inquiries from around the world. 
Concept is for sale of license. 

Contact: NASA Tech Briefs, Dept. LS, 41 E. 42nd St., Suite 
921, New York, NY 10017. Tel: 212-490-3999, ext. 253. 
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Design, validate, prototype. The proce s doesn't ch 
the pressure keeps building. You need to develop model, 
more rapidly, present compelling results, and t st prototype 

in real time. 

The Right Tools 
Fast, to launch ideas more quickly. Powerful, yet intuitively 
easy to use. Integrated, to take you smoothly through devel­
opment stages. And backed by engineers who understand 
the art and science of simulation. 

ACSL Model 
You need proof of concept for a complex, dynamic model: 
hydraulics, circuits, equations of motion - all driven by a 
number of discrete and continuous state events. After it's 
accepted, how quickly will the concept fly? ACSL Model 
lets you program visually, yet customize parts of the model 
with a simulation language. 

ACSL Vision 
You've validated the model. As you analyze the data, can you 
trust the results? Animation reveals subtle interactions -
crossover effects, intra-system dependencies, hidden feed­
back loops - often overlooked in a sea of numbers. With 
ACSL Vision, you'll illustrate the key points to others. 
Quickly and simply. 

ACSL Real Time 
The prototype is finished. Why not wire it up and simulate 
a wide range of conditions using the original model? From 
hardware/software-in-the-loop to trainers, from PC to super­
computer, you need real performance- at a realistic price. 
With ACSL Real Time, you'll model more of how the world 
really works. 

Want proof? 

For a free demo disk, 
call MGA Software at 1·800·647·ACSL. 

For More Infonn.Uon WrIte In No. 517 

rJl 
SOFTWARE 



Mix multiple instruments into 
your data acquisition brew and you 

might conjure up something you 
wouldn't want to live with! 

U sed to be, 
you had to 
conjme up a 
variety of test 
instruments to 
overcome the inherent 
limitations of single function 
products. The result was a 
monster of different instruments, 
data formats, cables and user inter­
faces that increased the headaches, time 
and cost of design testing. 

Now, there's a better way. With the ACQuLab"" 
Data Acquisition System from Gould Instrument 
Systems, all critical test functionality is 
combined in a single system, 
controlled by a single graphic 
user interface for enhanced 
data acquisition, new perspectives 
and real-time answers to challenging 
test applications. 

Only ACQuLab provides functionality in all 
five critical areas of data acquisition: input 
signal conditioning, continuous data acquisition, 
real-time monitoring, real-time hard copy, and 
data playback and analysis. With ACQuLab, all 

ACQuLab is a trademark of Gould Instnunent Systems, Inc. 
© 1995 Gould Instrument Systems, Inc. 

these capabilities 
are fully inte­

grated and easily 
transported to 

remote test locations. 
And, since ACQuLab 

converts raw data to 
useful information at the 

time and place of acquisition, 
you make the most effective 

use of valuable test cell resomces. 
ACQuLab takes the monster off yom bench­

top and replaces it with a comprehensive, 
efficient, real-time data acquisition system. 
See how the 
ACQuLab Data 

yom testing 
problems. Call 
(800) 468-5365 
t oday. 

GOULD 
Instrument Systems 

Gould Instrument Systems, Inc. 

8333 Roekside Road 

Valley View, Ohio 44125 

Por More Infonnatlon WrIte In No. 539 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117



