


Modelillg a/ld allai)'Sis compleled l.I'ilh a MOli/' hased X \villdoll '- illiei/ace. 

Is it a pipe dream? 
Do you have enough 

power? What happens if a 
line breaks? And , can you 
control it? 

If you design hydraulic 
systems, you probably have 
questions like these all the 
time. 

ow you can get 
answers. 

With EASY5x": 

Unparalleled system 
modeling and analysis . 

NOll -linear simulation resulls uieu!(!c/ 
iJlleraClhl(!~) l oroff-1i1le. 

EASY5x software lets you model and analyze com­
plex hydraulic systems on your U IX'" workstation. 
QUickly. Accurately. And cost-effectively. 

That's because it's the only dynamiC system model­
ing software that comes with pre-defined hydrauliC blocks 
that connect together with the click of a mouse. It also 
comes with hundreds of other suppOlting linear and 
non-linear modeling elements. 

In addition, you get a sophisticated graphical user 
interface that brings non-linear simu lation, steady-state 
analysis, and control system analysis to your fingeltips. 

The speed you need. 
Hydraulic systems are just the beginning. Because you 

can use EASY5x to model and analyze any type or size of 

For More Information Circle No. 411 

dynamic system. Electrical, 
mechanical , chemical, you 
name it. 

And EASY5x gives accu­
rate answers to non-linear 
sinlLl lation problems up to a 
thousand times faster than 
competitive software. You 
can even run your simula­
tions in real time on hard­
ware provided by Applied 

FreqllellcY-I"espolIse dala displayed ill Dynamics International. 
Bode, Nicbols, or Nyqll isl /ormals. 

Even our control sys-
tem analysis tools will save you time, especia lly when 
you analyze multi-rate sampled data system . 

Call for more information. 
EASY5x was developed, tested , and refined at 

Boeing, solving real-world problems. And today, it's 
used by thousands of engineers a round the world. 

If you 'd like to know more, we'd be happy to send 
you a set of demonstration videos. Or, if you like, free 
trial software for your Sun, Hewlett-Packard , Sil icon 
Graphics, Digital, or IBM Rs6000" UNIX workstation. 

Just call 1-800-426-1443 or FAX 1-206-865-2966. Or 
write to Boeing Computer Services, P.O. Box 24346, 
MIS 7L-46, Seattle, WA 98124-0346. 

BOEING 





Leak-tight Valves & Fittings 
for Analytical Instrwnent 
Applications 

The leak-tight technology of the SWAGELOK 
companies is built into all the products you 
see here. 

They work with each other to give you design 
flexibility. You can select sizes, shapes, materials 
and ratings to handle your service conditions. 

They're all manufactured to the same stand­
ards of precision and quality control. You can 
count on consistent tolerances, compatible end 
connections, and reliable seals. 

They're available locally from Authorized 
Sales and Service representatives. You can save 
money through efficient purchasing, controlled 
inventories, and on-time delivery. 

FILTERS 

QUICK-CONNECTS 

FLEXIBLE HOSE 
C> 1988 SWAGELOK Co .. iii rights resolVed SW-4 

BALL & PLUG VALVES 

CHECK & 
RELIEF VALVES 

O-RING 
& METAL GASKET FACE SEAL FITTINGS 

the 
SWAGELOK Co. SWACELOlt 

Solon. Ohio 44139 • 
SWAGELOK Canada Ltd .• Ontario c:ornparues 
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Your Complete Analysis Solution 
th LabVIEW®Graphical Programming 

Productive and Creative Methodology 
Quickly develop programs for analysis, simulation, 
and algorithm development with the complete graphical 
programming language found in LabVlEW. It is more 
than a math calculator. LabVIEW has graphical constructs 
for While Loops, For Loops, and case structures. 

Advanced Visualization and Plotting 
Rapidly create spectrograms, 2D plots, 3D plots, waterfall 
plots, strip charts, contours, and XY graphs with 
annotation, printing, and importing. 

Powerful Mathematics 
The award-winning Lab VIEW Gabor Spectrogram 
algorithm for jOint time-frequency analysis OTFA) is an 
example of industry-leading innovation. In addition, 

Lab VIEW has hundreds of analysis function 
blocks for Signal processing, digital filters, 
statistics, and linear algebra. Add-on analysis 
toolkits include: 
• image processing 
• surface rendering 
• PID control 

• 3D plotting 
• speech processing 
• JTFA 

Rotllion 
Beyond Analysis 
Acquire data from GPIB, VXI, and RS-232 
instruments and plug-in data acquisition 
boards. Connect to other applications with 
DDE, Apple Events, QuickTirne, or TCP/IP. 
With the open design of LabVlEW, you can 
easily call programs from C and other 
languages. In addition, LabVIEW executes 
at speeds comparable to compiled C code. 

-. 
-­
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- - ----
The Gabor 

!!!!!!!~!!!!!ii!i!~ ~~~!ill!!!!i!!!!!!ii!i!!!!!!ii!i!!!!!!ii!i!!!!!!ii!i!!!iiilifl Spectrogram 
""---'""'-..,..-' al:;oo;;i'-_____ ...,.--...,...o....,.j displa;ys a portion 

--,-, if the sentence 

Graphical User Interface (GUI) Tools 
Easily create virtual instruments and interactively control 
real-world processes using the GUl controls and indicators 
built into Lab VIEW. 

call for your FREE LabVlEW demo and the application 
note, "Making Real-World Measurements 
with Fast Fourier Transforms 
and LabVIEW." 

(800) 433-3488 (u.s. and canada) 
"I take two 
people outJor 
breaJifast, " 
computed and 

I,~~~:J!!!!!!!!!!!~!!!!!!!!!!Y displa;yed with /.;; LabVJEW. 

Lab VIEW is now available on 
Windows, Sun, and Macintosh. 

,7. NATIONAL 
• ~~!!!~~~!!!: 

EKG signal and 
QuickTime heart 

I.....:!!..-;;:.:.......::.::--i''''--..::.!....--'''''-----' video using LabVJEW. 

~ 6504 Bridge Point Parkway 
Austin, TX 7B730.5039 
Tel : (5121794-0100 

95 (8001 01 0 0793 (Mexical 
Fax: (5121 794-8411 

...... Offl< .. 
Au.trol;a 03 879 9422 • BeIg,um 02 757 00 20 • Canada 519 622 9310 
Denmark 45 76 26 00 • f;nland 90 527 2321 • france 1 48 65 33 70 
Germany 089 7 14 50 93 • Italy 02 48301 892 • Japan 03 3788 1921 
Netherland. 01720 45761 · Norway 03846866 • Spa;n 91 8960675 
Sweden 08 984970 • Switzerland 056 2700 20 • U.K. 0635 523545 
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Why ONE OF AMERICPlS MOST THOUGHT-PROVOKING 

ENGINEERS NOW USES THE DESIGN TOOL THAT THINKS. 
~~ Two years after the Voyager com­

pleted its record-shattering around­

the-world flight, you could still find 

its designeI; Burt Rutan, working at a 

drafting table with pencil and papeJ: 

Hardware wasn't the problem. 

He had computers. His company could 

buy any design system worth owning. 

What kept Burt grounded was soft­

ware. CAD so clumsy. it squashed 

creativity. Or so weak, it Simply 

couldn't do his job. 

Maybe that's why the first time 

he sat down to design with Ashlar 

Vellum, Burt compared the exhilara­

tion to flight. Vellum is the first CAD 

program with a built-in autopilot. 

pinpoints and spells out every lOgical 

design point for you, right on the 

screen. 

Draw a Simple line and the mid­

points, endpoints, and construction 

lines appear automatically. Click the 

mouse and you get precise alignment 

to 16 decimal places, in a fraction of 

a second. 

~~ ThE POWER OF 

PARAMETRICS. 

Before Vellum, using CAD for 

conceptual design was Like trying to 

draw in the dirt with a backhoe. 

Now, Vellum makes precise design 

as natural as free hand sketching. with 

the combined power of Parametrics 

and Associative Dimensioning. ~~ I NDUSTRIAL-STRENGTH 

CAD THAT THINKS. 

From GD&T symbols to NURB 

splines to DXF and IGES file format 

Burt Rutan. Inventor. Enginttr. Another Vellum user 
with no intention of going back to the drawing board. 

Simply draw a rough approxima­

tion of your design, dimension it, plug 

in values and dick: geometry is auto­

matically redrawn to scale. A part translators, Vellum has every pro-

fessional design and drafting tool your job demands. But its real 

breakthrough is an expert system called The Drafting Assistant'" 

(Pat. Pending)-built-in intelligence that instantly makes every 

designer more productive. Even on enormously complex jobs. 

Enginuring drawings courtt.ry 
of Burt Rutan/ Scal,d 
Composites , Inc. 

Instead of fighting 

the keyboard, or 

guessing about 

alignment, 

Vellum 

needs to change? Simple. Just change the dimensions and the geom­

etry updates as you watch. Or change the geometry and all the 

dimensions update perfectly. 

~~ F RO M CONCEPT TO FINISH IN HALF THE TIME. 

According to Burt, "the only way to fully appreciate Vellum is to 

sit down and use it; tackle a tough job, right off.' 

Run through the full range of professional CAD tools. Try 

Vellum's Smart Wall tool that trims walls automatically. 

See if the Drafting Assistant doesn't make you two, or even three 

times more productive than any other CAD package. 

If you're like Burt Rutan, you'll find your­

self using Vellum from conceptual design 

right through finished drawings. Best of 

all, you'll never give the drafting board, 

or another CAD program, a second 

thought. 

For more information, a free 

video, a trial version, or the name 

of an authorized Ashlar reseller 

near you call (800) 877-ASHLAR. 

~~A 5 H LA R
e 

~~ Software That Thinks: 
800-344-2571 Department A 192 

Avtlt.bI~ (or MlClntom. Window.lO and S1I Icon Gn.phic.s. C 199) Athl.~ Incorpol'1ltcd. 
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Photo courtesy Jet Propulsion Laboratory 

A telerobotic system assembled at the Jet Propulsion Laboratory performs such tasks 
as picking up tools, removing a thermal blanket, and replacing screws. The system 
comprises a satellite simulator, a camera-positioning subsystem, a dual-arm robot, 
and a control room that contains force-reflecting hand controllers for teleoperation. It 
is being used to develop telerobotic-repair capabilities equal to those of a human 
operator. See the tech brief on page 43. 
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Gould's newest recorder. 
With 48 megabytes. 
The new Gould TA5000 offers 
an unprecedented memory 
capacity that's bound to make 
you smile. This is the only 
24-channel recorder with a 15" 
thermal array printhead and up 
to 48MB of on-board memory. 
Which means you can record 
over longer periods of time 
and increase your sample rate 
to 250kS/s on all channels. 
So you 're guaranteed the 
bandwidth you need for 
comprehensive analysis. 

And when we say the 
TA5000 has the flexibility to 
record what you want, how you 
want it, we're hardly making 
idle chatter. Modular design 
allows for easy configuration or 
expansion for 8, 16 or 24 
channels. The widest selection 
of the most accu rate sig nal 
conditioners are yours to 

choose from. 
And our single, 
thermal array printhead lets you 
position traces anywhere in full 
overlap or discrete channels -
with no blank zones. 

In addition, Gould's 
MicropulsingTM technology 
provides reliable operation and 
the resolution you need to see 
your signals clearly, at every 
frequency and chart speed. 

All this in a rugged, 
economical package backed 
by the largest sales and 
support organization in the 
recorder industry. It's the kind 
of value you can really sink your 
teeth into. Just remember, it's 
only from Gould. 

Call Gould today at 
(216) 328-7000 or, for immediate 
response, complete the coupon 
and FAX it to us today. 

For More Information eirel. Nft.. 4iA 

Set-up and display real-time signals with our new 
high-resolution (1280 x 1024) external monitor. A 
hand-held remote control allows selection of speeds, 
grid modes, annotation , and synchronization of the 
monitor to the chart from up to 100 feet away. 

NTB 5/93 
Yes! 0 Have a Gould Representative call me to arrange 

a demonstration 
o Rush me a free TA5000 brochure 

(Please pnnt. or affix busmess card.) 
Name: _____________ _ 

Title: _____________ _ 

Company: ____________ _ 

Street: _____________ _ 

City: _______ State: __ Zip: __ 

Telephone: ____________ _ 

Send to: Gould Inc., Test and Measurement Group, 8333 Rockside 
Road, Valley View, Ohio 44125. Fax: (216) 328·7400. 
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The Memory Short StackTlf from Irvine Sensors Corp. contains up 
to ten memory chips, bonded and interconnected, and occupies 
the same space as a single conventional integrated circuit. 
Serving as a "virtual memory chip, " the configuration yields faster 
processing speeds, higher levels of Integration, increased reli­
ability, lower power requirements, and, by eliminating packag­
Ing, reduces manufacturing costs. Licensed to IBM Corp., the 
technology was developed with the aid of NASA and the Depart­
ment of Defense. Turn to Mission Accomplished, page 14. 

Photo courtesy Irvine Sensors Corporation 
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SCIENCE/ SCOPE® 

Pioneer 10, which was built to last 21 month in space, is celebrating its 20th year. Over the past two 
decades, the success of NASA's mission to Jupiter has rested heavily on two key instruments: an 
imaging photo polarimeter (IPP) and an infrared radiometer. Both sen ors were developed and built by 
Hughes Aircraft Company. The IPP, which initially provided spectacular color pictures of Jupiter, is 
now being used as a sun sensor, because of its ability to focus on small, distant objects. At 5 billion 
miles from Earth, Pioneer lO's 570-pound probe is the most distant man-made object in space. 

Managing masses of information on global. environmental change - a major goal of NASA's Earth 
Observing System (EOS) - is one of the world's most formidable information management system 
challenges. The Hughes solution for the EOS Data and Information System (EOSDIS) will electronically 
interconnect NASA and other government agencies with re earcher worldwide - facilitating research 
collaboration througb a distributed federation of heterogeneous computer sy tern. Historically, global 
change data has been awkward to access, tough to translate and difficult to distribute. However, with 
EOSDIS, scienti ts in faraway places can easily work closely together, analyzing our fragile planet 
and recommending ways to preserve its environment and natural resources. 

GM's prototype electric car, called Impact, will have Hughes-built electronic powering the motor 
and controlling the recharging. This all solid- tate system requires no scheduled maintenance and will 
appear in the how rooms well ahead of the 1998 date when California will require auto manufacturers 
to begin selling zero pollution cars. Recharge points will be installed at buyers' homes and will also appear 
in other locations, including employee parking lots, downtown parking facilitie ,malls, and restaurants. 
With its Hughes-built "Inverter," the Impact will be a model for cars that help protect our environment. 

Thirty remote silver and copper mines in Peru will now havc the same access to high-quality 
telecommunications a companies in urban areas thanks to a Hughe satellite network. The 
comprehen ive voice and data network provides communications between the site via Hughes ' 
Very Small Aperture Terminals. Previously they were linked only by UHF radio. This will be a boon to 
Peruvian mining companies, which can now interface their onsite computers directly with computing 
facilities in the nation's capital, Lima, maintaining a live operational database at all times. 

Hughes is now producing the world's first interactive entertainment simulators, which offer the 
excitement of a true simulation environment through integrated real-time control of vision, motion, 
and CD quality ound. These simulators use many of the same technologies Hughes developed 
for sophisticated flight simulators used in training pilots of Boeing 747-400 and military aircraft. 
The Commander imulator cap ules are hydraulically operated a you steer through the computer 
image-generated screen experience. Because the graphics are generated a the adventure is 
experienced, you can go wherever you want in the scenario. The Commander includes a variety of 
safety features and will be located at arcades, shopping malls, bowling alleys, leisure centers, 
amu ementltheme parks, as well as airport and mu eums. 

For more information write to: P.O. Box 80032. Los Angeles. CA 90080·0032 

HUGHES 
C 1993 Hughes Aircraft Company Subsidiary of GM Hughes Electronics 



It's tomorrow in 
design automation. 
Welcome to tomorrow in ALTIUM. Where we are redefining the 
way you design, engineer and manufacture products of all kinds. 

Yesterday we were CADAM Inc. Today we offer you the first 
glimpse of a new company that is spearheading the roM 
commitment to desktop design automation. 

Productivity is the first order of the day. In coming 
generations of our MICRO CADAM, roM CAD and P-CAD 
product families we will be pushing the envelope to give 
engineers and designers unbounded capabilities within and 
across electronic and mechanical design automation. 

We'll do it while retaining superior price/performance. 
We'll do it where tomorrow is today. In ALTIUM. The new 
roM vision for design automation. See our video, "It's 
Tomorrow in Design Automation," 1-800-255-5710. 
ALTIUM, 1935 N . Buena Vista St., Burbank, CA 91504. 

ALTIUM~ 
An IBM Company 
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Desktop VIdeo ''''ICOnMre,"*1G. 
Process Control, SUrveillance, 

Simulation and RobotIcs. 

• No Impact on hoIt's graphic 
performance 

• Video displayed In a scaleable 
window or full screen 

• Window repositioned and 
scaled from 1/64 to full screen 

• Graphics overlays on video 

• Video image captured and 
stored on disc 

• X-Windows support 

• Optional FUR and radar inputs 

• Optional cable-ready tuner 

• Systems from $7995.00 

• Made in the USA 

• GSA Contract #GS03F2032A 

SPECTRUM 

950 Marina Village Parkway Alameda, CA 94501 
Tel: (510) 814-7000 Fax: (510) 814-7026 
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Northem IL, Wi ............................................................................ Paul Lasher, CBC 
at (312) 296-2040 

Southem IL, MO, lA, MN, NO, SO, NE, KS ........................................ Melinda Mead 
at (312) 296-2040 

Northwest-WA, OR, 10, MT, WY ........................................................... Bill Hague 
at (206) 858-7575 

West Coast-CA, AZ, NV, NM, UT .......... ........................................ Stillman Group 
at (310) 372-2744 

for Area Codes 602170215051801/8181605: Tom Stillman 
for 31016191714: Robert D'Alexander 

for 408141519161209(707: Robert Hubbard 

NASA Tech Briefs, May 1993 



H software and hardware need to work 
together, why troubleshoot them 
separately? 

The hardware works. The software works. 
You put them together and the system won't fly. 
But why? 

The PM 3580 family of logic analyzers from 
Fluke clears up the mystery, fast. Our unique 
simultaneous state and timing analysis is 
integrated to give you real-time information 
about how the hardware and software work­
or don't work-together. 

Probe just once to get both state and timing 
data from the same signal at the same time. 
With configurations from 32 to 96 channels, the 
PM 3580 family delivers 50 MHz state, and up 

For More Information Circle No. 510 

to 200 MHz timing analysis on all channels, and 
truly integrated triggering to quickly zero in on 
the problem. 

PM 3580 logic analyzers also provide the 
most up-to-date microprocessor and bus 
support in the industry. And an award winning 
user interface specified to get you up to speed 
in 30 minutes or less. 

Find out how integrated state and timing 
troubleshooting can help you get your systems 
off the ground fast. Call 1-800-44-FLUKE now 
for our latest application note, 
or to set up a free demo with 
the world's first integrated 
state and timing logic analyzer. 

FLUKE AND PHILIPS 
THE T&M ALL I ANCE 

John Auke MfO. Co .• Inc PO. Bo, 9090. Everett. WA 98206 
For mar. infonnation caM' (416) 890-7600 from Canada 
(206) 350-5500 from other countnes 
(If 992 John Fluke MfO. Co .• Inc All nohlS reserved. 
Ad No. 00297 



Stacking integrated circuits into 
a 3D structure, a technology 
pioneered by Irvine Sensors 

Corp. of Costa Mesa, CA, provides an 
elegant solution to the data proces­
sing bottleneck that results from the 
distances between chips 
on a circuit board. Irvine 
Sensors' innovative chip­
stacking technique, devel­
oped with the aid of NASA 
and the Department of De­
fense, offers faster process­
ing speeds, higher levels 
of integration, and lower 
power requirements than 
conventional chip sets. 

Also called "cubing," the 
process promises such ap­
plications as a parallel pro­
cessing module the size of 
a dictation tape cassette 
that could reduce dramati­
cally the size and weight of 
memory-intensive instru­
ments, for example, medi­
cal imaging devices. Irvine 
Sensors already has engi­
neered a stack the size of 
a sugar cube to replace a 
PC's main circuit board. 

Through the technology transfer process, many of the systems, methods, and products 
pioneered by NASA are reapplied in the private sector, obviating duplicate research and 
making a broad range of new products and services available to the public. 

IBM Corp. to refine and commercial­
ize the technology. To facilitate high­
volume, cost-competitive manufactur­
ing of the stacks, IBM has established 
a Cubing Process Development Center 
in Burlington, VT. IBM's initial focus 

sion of the 3D Memory Short Stack TM, a 
4-megabit 512K x 8 SRAM package 
measuring just 7.1 mm x 13.7 mm and 
1.5 mm high-about the size of a single 
conventional integrated circuit. Short 
stacks contain up to ten chips mounted 

The stacking technique 
assembles integrated cir­
cuits thinned to as little as 
0.2 mm and extremely thin 
layers of laminate. The con­
figuration significantly in­
creases density and ther­
mal conductivity while im­
proving reliability by elimi­
nating most of the inter­
connect junctions such as 
wire bonds, TAB pads, and 
bump bonds. Putting the 
chips closer to one ano­
ther shortens the signal 
line, thereby reducing the 

Innovative chip-stacking technology from Irvine Sensors Corp. dramatically reduces memory 
footprint and offers such performance benefits as faster processing speeds and lower power 
requirements. In the foreground above is a processor incorporating a chip stack that contains ten 
4-megabit DRAMs. The stack replaces the ten DRAMs on the processor board in the background. 

signal line capacitance and minimizing 
I/O drive currents. Eliminating several 
levels of packaging reduces manufac­
turing costs. 

Last June, the 40-employee com­
pany entered into a joint venture with 
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was on "full stacks," in which as many 
as a hundred chips are mounted like a 
loaf of bread in a half-inch-high cube. 

Two months after the agreement 
was signed, Irvine Sensors introduced 
independently the first commercial ver-

like a stack of pancakes for use in 
applications with limited "head room" 
such as in telecommunications elec­
tronics. The success of the short stacks, 
which offer the same performance ben­
efits as the full stacks, prompted the 

NASA Tech Briefs, May 1993 



Two 8mm tape drives , each 
capable of storing up to 25 GB, can 
be combined in a single desktop 
cabinet. This dual configuration 
lets you take full advantage of our 
Advanced SCSI Processor. 

Now, two drives can work 
together simultaneously to maxi­
mize backup speed and capacity 
with a variety of recording modes. 

STRIPING MODE. In striping mode, 
you can write data to two tapes at 
once, in alternate blocks-<loubling 
speed and capacity. In fact , you can 
back up 50 GB overnight this way. 

TRUE PLUG COMPATIBILITY 
Alltant Convergent DEC Unibus 
Alpha Micro Data General Gould/Encore 
Altos DEC 31 00'5000 HP 
Apollo DECBI-Bus IBM AS/400 
Anx DEC DSSI IBM Mainframe 
AT&T DECHSC IBM RISC/600D 
Baslc-4 DECQ-Bus IBMRT 
Concurrent DEC TUITA81 IBMSi38 

ICL 

MIRRORING MODE. In mirroring 
mode, you write the same data to 
two tapes at the same time. This is 
ideal for users who want to keep a 
backup off-site, for extra security, 
or for users who need to exchange 
data with other sites. 

OFF·LlNE COPY. An off-line copy 
function lets you copy the contents 
of one tape to another-without 
tying up the host. Off-line verify 
ensures that the tapes are identical. 

CASCADE MODE. In cascade 
mode, data spills over to the second 
tape when the first tape is full. 

Novell Plexus Sun 
Intergraph OS/2 Prime Texas 
Macintosh PS/2 Pyramid Instruments 
McDonnell Parallel Port Sequent Unlsys 

Douglas PC 386f1x Silicon Wang 
Motorola PC MS-DOS Graphics an<imore 
NCR PC XenixiUnix STC 
NeXT Pertee Stratus 

Rock Landing Corporate Center' 11846 Rock Landing· Newport News, Virginia 23606' Fax (804}873-8836 

FLEIIBILITY IS ONLY HALF THE STORY. 
Our data compression option is the 
fastest available. And it's switch­
selectable, so you can still read and 
write standard 8mm tapes. Bright 
backlit status displays give you 
complete drive status information: 
recording mode, transfer rate, com­
pression ratio ,tape remaining and 
more. 

Best of all, you get the advantages 
of 8mm helical scan technology­
reliable, unattended operation and 
the best price-performance on the 
market. 

Plug compatible with virtually 
every computer system, the drives are 
fully backed by our 12-month war­
ranty that includes support from our 
in-house engineering staff. 

For information, call today at 

(804) 873-9000 
CON T E M P 0 R A R Y 

CYBERNma 
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expansion of the IBM agreement to 
include them. 

Irvine Sensors plans to release nu­
merous short stack products in pack­
aged and unpackaged form that will 
permit a variety of interconnect tech­
niques to be used in next-level assem­
bly. The unpackaged stacks will target 
designers now using hybrid multichip 
modules and chip-on-board packaging 
techniques. 

The company will pursue a broad 
range of markets, according to John 
Carson, Irvine Sensors' chief scientist 

and senior vice president. "The IBM 
project is 100 percent commercial, but 
we can qualify the products for space 
and military applications," he said. The 
company also has signed development 
contracts with other mainframe compa­
nies such as Unisys. 

Carson, an infrared imaging special­
ist, describes the technology's evolu­
tion as a "14-year odyssey" that re­
sulted in 28 patents and $35 million in 
development costs. Irvine Sensors be­
gan operations in 1980, working for the 
Defense Advanced Research Projects 

From parallel 860s, to coprocessors and workstations· 
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NDpTM Fortran Drives 
Them All! 
M icroway's industry­

leading 32-bit 
Fortran produces the 
highest quality numeric 
code and supports all x86 
operating systems, 
processors and numeric 
devices. NDP Fortran was 
used to port industry standards like 
SRAC's COSMOS/M to the 486 and 
is required to use AspenTech's 
ASPEN PLUS, IBM's OSL, and Fluid 
Dynamics' FIDAP. The compiler uses 
advanced numeric optimizations and 
instruction scheduling which favor 
fast numerics and RISC devices. 

NDP Fortran, CIC++, Pascal 
and our new Fortran 90 for the 
386, 486, Pentium, and 860 run under 
either Extended DOS, OS/2, NT , 
UNIX V.3/4, SOLARIS, 
or COHERENT. 

--' 
_.-

If you plan to use a 386, 486, 860 or 
Pentium and require portability 

'across operating ystems, numeric 
speed, precision and superior 
technical support, then NDP Fortran, 
C I C++ or Pascal is the only solution. 

QuadPuter8 .S60 
(200 Megaflops) 

The 200 megaflops of Microway's 
QuadPurer-860 are optimally harnessed 
using NDP Fortran-860, lil7raries from 
IMSL, NAG and KUCK, and the PSR 
Vectorizer . 

GIGABOr 
Microway can 
buiklacustomized 
one gigaflop NFS 
computa tional 
server using fille 
QuadPu ters® 
running in one of 
our industrial 
grade Towers for 
under $50K. We 
also configure less 
expensille 486 
workstations. 

To learn why government research 
labs, universitie and engineers 
worldwide specify ''Microway'' call 
our T echnical Support Department 
at 508·746·7341 or any of the 
international representatives below, 

~~~:. m_'::;.O::::;;;'~; Count On 
ux 081-541·5466 0 Germany 069-752023 0 Greece 01 ·291-5672 o India 11 661 0645 0 Israel 3-751-2929 
Italy 2-749-0749 0 Japan 079 822 5855 0 Poland 22-414115 0 PorlugaVSpain 1-60 4049 0 Russia 095 155030 

AgencYJ(DARPA) on a method to bring 
analog signal processing technology 
as close as possible to the focal plane of 
electro-optical surveillance systems. 
The project sought to speed signal pro­
cessing and reduce interference while 
conserving space and weight. 

In 1985, Irvine Sensors began to 
explore employing the 3D stacking 
technology as a more efficient alterna­
tive to existing planar integrated circuit 
packaging. Further DARPA develop­
ment funding yielded a prototype full 
stack that in turn garnered the attention 
of NASA and the Strategic Defense 
Initiative Organization, which share the 
need for extremely dense memories in 
a small payload. 

Problems with space-borne electro­
mechanical recorders prompted re­
searchers at NASA's Goddard Space 
Flight Center to seek a better, non­
moving data storage technology, ac­
cording to Dan Dalton, head of the 
center's Flight Data Systems Branch, 
and led to a Small Business Innovation 
Research (SBIR) grant for Irvine Sen­
sors. "We wanted a solid-state recorder 
with a big memory capacity-Irvine's 
chip stacks offer the highest unit silicon 
density available," he explained. 

"The Goddard SBIR helped bring 
the technology to the pOint where it 
could be useful for commercial pur­
poses," said Carson . The project re­
cently was completed with delivery of 
short stacks to Goddard for space quali­
fication . 

Irvine Sensors has received eight 
Phase I and five Phase II SBIRs from 
NASA, including an ongoing project at 
the Jet Propulsion Laboratory's Ad­
vanced Flight Computing Laboratory 
to evaluate the ch ip-stacking tech­
nology for space missions. The lab 
assesses the electrical , thermal , and 
functional characteristics of new and 
advanced technologies. 

"The chip stacks have the potential 
to enable a variety of microspace­
craft and microrovertechnologies," said 
Leon Alkalaj, supervisor of the lab's 
Flight Computer Development Group. 
"We also are investigating dual-use 
applications in which the characteris­
tics-mass, power, and volume-that 
make the stack attractive for space use 
also will benefit ground computing tech­
nologies such as laptops and super­
computers." 0 

For more information about the technology 
described in this article, contact Myles F. 
Suer or Lynn G. O'Mara, Irvine Sensors 
Corp., 3001 Redhill Avenue, Building III, 
Costa Mesa, CA 92626, Tel. 714-549-8211 . 

NASA Tech Briefs, May 1993 



If you're looking for an 
instrumentation recorder 
that can really fly through 
the data, hit the brakes . 

And take a good look at Metrum's RSR 512. 
It's got 64 channels and a speed range of 

512:1. Plus, it comes loaded with luxury 
features. Like an impressive dynamic range 
of70 dB. An equally-impressive SNR. With 
bandwidths you can program channel by 
channel. Even a high -speed digital output 

option. As far as mid-range recorders go, this 
one's top of the line. And then some. 

But the best part is, Metrum's RSR 512 
is an excellent value, considering all it can 
do, and how fast it can do it all. 

So pick up the phone and give us a call. 
We'll arrange for a test drive. By the way, 
the RSR 512 does have one drawback. 

It doesn't come in red. 

M --- T R u M 

THINK OF IT AS AN 
RSR 512 ON WHEEl S. 

There's nothing like a high-performance 
machine to take your breath away. 

And the RSR 512 will have you panting 
when it comes to high-speed, flexib le 
information acqui ition and playback. 

FOR MORE INFORMATION ON THE HOT METRUM RSR 512 RECORDER, CALL 1-800-METRUM-2. 
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New Product Ideas 
New Product Ideas are just appropriate section in this 

issue. If you are interested in 
developing a product from 
these or other NASA innova­
tions, you can receive further 
technical information by 
requesting the TSP referenced 

a few of the many innovations 
described in this issue of 
NASA Tech Briefs and having 
promising commercial applica­
tions. Each is discussed further 
on the referenced page in the 

Self-Amplified Optical 
Pattern Recognizer 

These recognizers are being devel­
oped for use in recognition of patterns, 
in optical computing, and in optoelec­
tronic neural networks. The apparatus is 
said to be ·self-amplified" because the 
signal is amplified within a diffraction­
grating filter to many orders of magni­
tude greater than in prior optical pat­
tern recognizers . 
(See page 56.) 

Films Containing 
Optically Nonlinear 
Diacetylene Monomer 

Optical properties of these fi lms can 
be tailored to a particular application by 
choice of the concentration of mono­
mer and thickness. Uniform films with 
thicknesses of a few micrometers could 
serve as optical waveguides. 
(See page 62.) 

Magnetostrictive Roller­
Drive Stepping Motor 

A proposed motor would provide 
stepped angular motion with angular in­
crements of the order of 100 microradi­
ans. It would be particularly suitable for 
precise, high-torque, fail -safe-braking, 
direct drive of a robot joint, without the 
bulk and weight of an additional brake 
mechanism and gear train . 
(See page 86.) 

Polyimides Made From 
4,4' -Isophthaloyldiphthalic 
Anhydride 

Long-term thermo-oxidative stabili­
ties of these materials were found to be 
excellent at 300 °C and 350 °C in air. 
These materials, which have controlled 
levels of crystallinity and excellent re­
sistance to chemicals at high tempera­
tures, are valuable additions to the pol­
yimide family of coatings and fi lms. 
(See page 24.) 

CUSTOM ENCLOSURES 
DESIGN AND FABRICATION 
ASSEMBLED FROM STANDARD COMPONENTS 

• Pre engineered construction system produces rigid frameworks 
using aluminum extrusions and die cast corners. 

• Complex enclosure shapes are achieved with over 50 different 
stock angled extrusions and matching castings. 

• Square and radius profiles in two sizes. 
• A wide selection of additional hardware. 
• Stock components for in-house assembly. 
• Pre-cut kit assemblies. 
• Complete design and fabrication. 

at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 20). 
NASA's patent-licensing program 
to encourage commercial develop­
ment is described on page 20. 

Molecular-Weight­
Controlled, End-Capped 
Polybenzimidazoles 

Compared to commercial polybenzi­
midazole, these polymers exhibit improved 
solubility in polar aprotic solvents and 
better compression moldability. Poly(ar­
ylene ether benzimidazole)s have poten­
tial applications as adhesives, coatings, 
films, fibers, membranes, moldings, and 
composite matrix resins. 
(See page 22.) 

Enzymatic Catalytic Beds 
for Oxidation of Alcohols 

An integrated reactor module con­
tains both an alcohol-oxidizing catalyt­
ic bed and an oxygen saturator. It per­
forms better than a catalytic bed placed 
downstream of a separate oxygen-sat­
urator module. 
(See page 64.) 

Consoles 
Racks 
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CRYSTAL MARK, INC. 
Custom Enclosure Division 

NO 
WELDING 
MITERING 
FORMING 

Test Benches 
Machine Guarding 
Pre-cut Kit Assemblies 
Electro-mechanical Enclosures 

TOLL FREE 1-800-788-7521 . FAX 702-885-2774 
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HOW YOU CAN BEP&IT It you're a regular reader of TECH BRIEFS, then you 're already making use of 
one of the Iow·and no-cosl services prOVIded by NASA's Technology Transfer 
Program. But a TECH BRIEFS subscnpbon represents only a fractIOn of the 
techmcallnformabon and apphCaIJonSleng,"eenng servICeS offered by thIS Pro· 
gram. In fact. when all ofthe components of NASA's Technology Transfer Networ1< 
are considered. TECH BRIEFS represents the proverbial tIP of the iceberg 

FROM NASA's 
TECIIIlOGY 
IJTIJZA1lII4 
SBMCES 

We've OutlIned below NASA's Technology Transfer Networ1<--named the 
partlC1pants. descnbed thatr servICes. and listed the IndIVIduals you can contact 
for more ,nformabon relabng to your specrtoc needs. We encourage you to make 
use of the informaben. access, and apphcatlons services offered 

How You Can Access Technology Transfer Services At NASA Field Centers : 
Technology Utilization Officers & Patent Counsels-Each NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 

I
f you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in 
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are 

interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference 
number at the end of the Tech Brief. 

Ames Research Ctr. John C. Stennis Langley Research Ctr. Jet Propulsion Lab. George C. Marshall Houston, TX 77058 
Technology UtilizatIOn Space Center Technology Utilization NASA Resident Office Space Flight Center (713) 483-3809 
Officer:Geoffrey S. Lee Acting Technology Officer: Joseph J. Technology Utilization Technology Utilization Patent Counsel: 
Mail Code 223·3 Utilization Officer: Mathis, Jr. Officer: Arif Husain Officer: Ismail Akbay Edward K. Fein 
Moffett Field. CA 94035 Charles Hill Head, TU & AO Office Mail Stop 180·8010 Code ATOI Mail Code AL3 
(415) 604-4044 Code HA·30 Mail Stop 200 4800 Oak Grove Drive Marshall Space Flight Houston, TX 77058 
Patent Counsel: Stennis Space Center. Hampton, VA 23681·0001 Pasadena, CA 91109 Center, (713) 483·4871 
Darrell G. Brekke MS39529 (804) 864-2484 (818) 354-4862 AL 35812 

NASA Headquarters 
Mail Code 200· 11 (601) 688·1929 Patent Counsel: Patent Counsel: (205) 544·2223 

Technology Utilization 
Moffett Field, CA 94035 John F. Kennedy Dr. George F. Helfrich Thomas H. Jones Patent Counsel: Officer: Leonard A. Ault 
(415) 604-5104 Space Center Mail Stop 143 Mail Code 180-801 G Robert L Broad, Jr. 

CodeCU 
Lewis Research Center Technology Utilization Hampton, VA 23681·0001 4800 Oak Grove Drive Mail Code CCOI Washington, DC 20546 
Technology Utilization Officer: James A. (804) 864-3221 Pasadena, CA 91109 Marshall Space Flight 

(202) 358·0721 
OffICer: Anthony F. Aliberti Goddard Space Flight (818) 354·5179 Center, 

Associate General 
AL 35812 Ratajczak Mail Stop PT-PAT·A Center Technology Utilization (205) 544·0021 

Counsel for Intellectual 
Mail Stop 7·3 Kennedy Space Technology Utilization Mgr. for JPL: Dr. Nor- Property: Jack Mannix 
21000 Brookpar1< Road Center, FL 32899 Officer: Dr. George Alcorn man L Chalfin Lyndon B. Johnson CodeGP 
Cleveland, OH 44135 (407) 867·3017 Mail Code 702 Mail Stop 156·21 t Space Center Washington, DC 20546 
(216) 433·5568 Patent Counsel: Greenbelt, MD 20771 4800 Oak Grove Drive Technology Utilization (202) 453-2424 
Patent Counsel : Bill Sheehan (301) 286-5810 Pasadena, CA 91109 Officer: Richard B. 
Gene E. Shook Mail Code PT-PAT Patent Counsel: (818) 354-2240 Ramsell 
Mail Code LE·LAW Kennedy Space A. Dennis Marchant Mail Code IC·4 
21000 Brookpark Rped Center, FL 32899 Mail Code 204 Building 4 South 
Cleveland, OH 44135 (407) 867·2544 Greenbelt, MD 20771 
(216) 433·5753 (301) 286·7351 

How You Can Utilize NASA's Regional Technology Transfer Centers (RTTCs) - A nationwide network offering 
a broad range of technology transfer and commercialization services. 

y ou can contact NASA's network of RITCs for assistance in solving a specific technical problem or locating technology or markets that match your 
interests. The RITCs are experienced in working with industry to define technology needs and acquire and commercialize applicable technology. 

User fees are charged for most services. For more information, call 1-800-472-6785 and you will be connected to the RITC in your geographical 
region (or you may call or write directly to the RITC in your region). 

REGIONAL TECHNOLOGY TRANSFER CENTERS (RITCs) 

RITC Directors 

NORTHEAST 
Dr. William Gasko 
Center tor Technology 
Commercialization 

Massachusetts Technology Par1< 
100 North Drive 
Westborough, MA 01581 
(508) 870·0042 

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

SOUTHEAST 
Mr. J. Ronald Thornton 
Southern Technology Application 
Center 
University of Florida 
College of Eng. 
Box 24 
One Progress Boulevard 
Alachua, FL 32615 
(904) 462-3913 
(800) 225·0308 (outside FL) 

MID-CONTINENT 
Mr. Gary Sera 
Texas Engineering Experiment Station 
Texas A&M University System 
237 WERC Collge Station, 
Texas 77843·3401 
409·845·8762 

MID-WEST 
Dr. Joseph W. Ray 
Great Lakes Industrial Technology Center 
25000 Great Northern Corporate Center 
Suite 450 
Cleveland, OH 44070-5310 
(216) 734-0094 

FAR·WEST 
Mr. Robert Star1< 
Technology Transfer Center 
University of Southern California 
3716 South Hope Street, 
Suite 200 
Los Angeles, CA 90007·4344 
(213) 743·6132 
(800) 642·2872 (CA only) 
(800) 872·7477 (toll·free US) 

If you are interested in information, applications, research , training, and services relating to satellite and aerial data for Earth resources , contact NASA's 
transfer point for earth observing technology: Technology Application Center, University of New Mexico, 2500 Yale Blvd. S.E., Suite 100, 
Albuquerque, NM 87131-6031 ; Or. Stan Morain, Director (505) 2n-3622. 

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem 
solving assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify 
and solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research 
Triangle Park, NC 2n09; Dr. Doris Rouse, Director, (919) 541-6980 

A Shortcut To Software: COSMI~ or software developed with NASA 
funding, contact COSMIC, NASA's Computer Software Management and Informa· 
tion Center. New and updated programs are announced in the Computer Programs 
section. COSMIC publishes an annual software catalog. For more information call 
or write: COSMI ,382 East Broad Street, Athens, GA 30602 John A. Gibson, 
Director, (706) 542·3265; FAX (706) 542·4807. 

If You Have a Question .. NASA Center For AeroSpace Infor­
mation can answer questions about NASA's Technology Transfer Networ1< and 
its services and documents. The CAS I staff supplies documents and provides 
referrals. Call , write or use the feedback card in this issue to contact: NASA Center 
For AeroSpace Information, Technology Transfer OffICe, P.O. Box 8757, Balti· 
more, MD 2t240·0757. WalterM. Heiland, Manager, (410) 859·5300, Ext. 24~. 
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In the ~ to develop data 
ac~ltIon ~ms, our 

DSPsoftware and e 
give you a similar advantage. 

THE DT380t 
• DO and Windowt develop. 

ment environment 

• Object-oriented DSP software 

• ExtenSive example programs, 
Ilbranes and tools 

• (40 DSP archltecrure proVIdes 
powerful, flexible system 

• Up to I MHz NO throughput 

• 16-bitNO and D/A for 
extensive 110 capability 

• Our guarantee to (program. 
mers: faster application devel­
opment, or your money back 

If you want a head start getting your next data acquisition system up and running, 

you need the DT380 I / a single-board, PC-based solution from Data Translation. 

Now, while the DT3801 hardware is impressive, it/s the onboard software that really 

helps you rip through applications. That/s because Data Translation has done most of the 

tough work. for you/ with C40 software support that gives you everything you need to 

get your work. out the door faster - and better - than ever. 

For more infonnation on the powerful, flexible, surprising DT380 I / just call Data 

Translation. We/II send you more details, plus our free 3-Book Set with our latest product 

and application infonnation. Call today, 

and get a real jump on your next project. 

DAm TRANSLATION 

For More Information Circle No. 549 

FOR MORE PRODUCT I FORMATIO OR OUR FREE 3-BOOK SET CALL 800-525-8528. EXT. 330. 

World Hdqm (508) 481 ·3700 UK 7l47'J·3838 (Hdql") Gmn.ny 7142·54025 (Hdql"). franc< 5045·9583 (Hdql"). haly 30242·5696 (Hdql") 5.1" Offie" Austraha 2699·8300. 
AuslOa 22236·7660, IklglUm 2466·8199, 8mll 11564·6024, unada (416) 625·1907; D.nmark 4227·m I; Fmland 0351·1800; G=e 1361 .4300, Hong Kong 515·0018, India 2223·1040, Israel 5254·5685; Israel 3540·7352; Japan m02·55SO; 
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Special Focus: 
Advanced Composites and Plastics 

Graphite/Polyimide Tabs for High-Temperature Tensile Tests 
Delamination from ceramic composite specimens is prevented. 

Lewis Research Center, Cleveland, Ohio 

Tabs made from a composite of graphite 
and PMR-15 polyimide enable the high-tem­
perature tensile testing of flat coupons (see 
figure) of ceramic-matrix composites. Tabs 
made of the graphite!PMR-15 composite 
could also be used in the high-temperature 
tensile testing of flat coupons of ceramics, 
metals, and metal-matrix composites. 

Heretofore, the high-temperature tensile 
testing of ceramic-composite specimens 
has involved the use of metal tabs. How­
ever, the significant difference between the 
coefficients of thermal expansion of the 
specimens and of the tabs resulted in de­
lamination between the specimens and the 
tabs. The metal tabs are glued to the speci­
mens with a commercial epoxy-based 
structural film adhesive. The tabs have to 

Graphite/Polylmlde Tab 

I:: :: 
Ceramic-Composite 7 

Tensile Specimen 

Graphite/ PMR-15 Tabs enable the high­
temperature tensile testing of specimens 
of ceramic-matrix composites. 

be held at a temperature of 177 °c (351°F) 
to cure this adhesive. Upon cooling, the 
residual stresses caused by differential 
thermal shrinkage cause failure of the ad-

hesive joints. In contrast, tabs made of 
graphite!PMR-15 are sufficiently compliant 
to prevent delamination. 

The specimens are 200 mm (8 in.) long 
and 13 mm (0.5 in.) wide. The middle, or 
gauge, section of the specimen can be held 
at a temperature up to 1,550 °c (2,820 ° F) 
in air; the regions of the specimen near the 
tabs must be limited to 230°C (450 ° F) to 
prevent failure of the adhesive. The tabs 
offer adequate shear strength without deg­
radation to enable high-temperature ten­
sile testing of reaction-bonded silicon nitride 
reinforced with unidi rectional silicon fibers. 

This work was done by John Z. 
Gyekenyesi and Oemetrios S. Papado{X)Uios 
of Lewis Research Center. No further 
documentation is available. LEW-15342 

Molecular-Weight-Controlled, End-Capped Polybenzimidazoles 
Prepared by aromatic nucleophilic displacement, these polymers 
exhibit favorable physical and mechanical properties. 

Langley Research Center, Hampton, Virginia 

Novel molecular-weight-controlled 
end-capped poly(arylene ether benzim­
idazole)s (PAEBI 's) were prepared by 
the nucleophilic displacement reaction 
of di(hydroxy)benzimidazole monomers 
with activated aromatic dihalides. The pol­
ymers were prepared at various molec­
ular weights by upsetting the stoichio­
metry of the monomers and end-capped 
with a monohydroxybenzimidazole. The 
polymerizations were performed in the 
presence of alkali metal bases in polar 
aprotic solvents at elevated tempera­
tures. This work demonstrated the ef­
fect of molecular weight on the physi­
cal and mechanical properties of these 
polymers. Compared to commercial 
polybenzimidazole, these polymers ex­
hibit improved solubility in polar aprotic 
solvents and better compression mold­
ability. Poly(arylene ether benzimida­
zole)s have potential applications as 
adhesives, coatings, films, fibers, mem­
branes, moldings, and composite ma­
trix resins. 

2n(1-r) ©r;~ OH 

H 

Where n = number of moles 
r = monomer ratio 

n 
o 0 

II " FJ§r c1§T c~ F 

The synthesis of a representative mo­
lecular -weight -controlled end-capped 
PAEBI is depicted in the figure. Poly­
mers prepared at stoichiometric imbal­
ances of 0 to 7 mole percent were pre-

End-Capped Poly(Arylene Ether 8enzimidazoles) were prepared from monomers with 
activated aromatic dihalides as shown . 
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Now all engineers can use advanced tools to make better 
designs because the two worlds of design and analysis are 
becoming the one world of predictive engineering. The 
power and scope of MSC's finite element analysis (FEA) 
capabilities now work hand-in-hand with the power of Aries 
Technology's solid modeling and automated meshing 
software. For the first time, both designers and analysts can 
work in the same solid-mode ling-based environment, under 
one intuitive user interface, to rapidly create, analyze and 
optimize designs before expensive physical prototyping. 
Using predictive engineering for design optimization means 
higher quality, reduced development costs, and dramatically 
shortened time-to-market. 

Solid benefits of the Geometry Bus Til and 
open systems philosophy. 
The common tie among all mechanical engineers is geometry. 
MSC and Aries have adopted an industry-standard, non­
proprietary modeling kernel. This standard Geometry Bus 
means you can easily exchange data with a variety of other 
CAD/CAM systems. You can choose best-in-class software 
solutions for drafting and manufacturing functions to com­
plement the MSC/Aries predictive engineering environment. 

JOining forces to address an obvious need. 
The jOint development and marketing partnership between 
MSC and Aries Technology addresses a growing demand for 

integrated predictive engineering solutions. MSC is the 
world's leading developer of FEA software and Aries is the 
world leader in solid modeling and automatic meshing for 
predictive engineering. 

Two worlds become one world. 
Eliminate the gap between design and analysis with a 
predictive engineering solution that is scalable. From quick 
verification of straightforward designs on PCs and work­
stations to analysis of complex systems assemblies on 
supercomputers, we can meet your needs now and in the 
future. For more information on MSC's complete family of 
FEA software, call (800) 336-4858 or (213) 258-9111. To 
learn about the Aries software series, call (800) 642-7437. 

ARIES 
TECHNOLOGY 

The 
MacNeal-Schwendler 
Corporation 

For More Information Circle No. 457 

Announcing a simply powerful partnership for predictive engineering. 



pared and characterized. The effect of 
molecular weight on inherent viscosity, 
glass transition temperature (Tg), and 
dynamic thermal stability is presented 
in Table 1. The Tg and thermal stability 
were only slightly affected by the de­
crease in molecular weight. The effect 
of molecular weight on unoriented thin­
film tensile properties is presented in 
Table 2. The films exhibited excellent 
tensile properties at 23 and 232°C. 
Molecular-weight reduction did not have 
a major effect on thin-film properties. 
As expected, the mold ability of the pol­
ymer powders improved substantially 
as the molecular weight decreased. 
Titanium-to-titanium adhesive speci­
mens fabricated from PAEBI prepared 
at 3 mole percent stoichiometric off­
set by heating to 330°C under 1.7 MPa 
for 15 min exhibited tensile shear 
strengths of 17.4 and 15.7 MPa, respec­
tively, when tested at 23 and 232°C. 
The titanium adhesive specimens ex­
hibited no reduction in strength after 
isothermal aging for 1,000 h at 200°C 
in flowing air. Unidirectional carbon­
fiber-reinforced composites were fabri­
cated from the PAEBI prepared at a 7 
mole percent stoichiometric offset by 
heating solution-coated (drum-wound) 
prepreg to 360°C under 1.4 MPa for 1 
h. The preliminary unidirectional car­
bon-fiber (AS-4) composite properties 
(Table 3) exhibit excellent properties at 
23°C and respectable properties when 
tested at 200 and 232°C. Controlled­
molecular-weight, end-capped PAEBI 
exhibited improved processability with­
out significant reduction in Tg or me­
chanical properties. In addition, PAEBI 
exhibited excellent adhesion to copper, 
and thin-film tensile properties were re­
latively unaffected by submersion for 
167 h in hydraulic fluid, jet fuel and 
methylene chloride. 

TABLE 1: PHYSICAL CHARACTERIZATION 

Stoichiometric Imbalance, Mole % 

Property 0 1.5 3.0 5.0 7.0 

Mn (Calculated) - 46,367 23,008 13,665 9,661 

Inherent Viscosity, dUg 1.99 1.65 1.42 0.84 0.55 

T g' ·C (Powder) 276 274 274 269 266 

Temperature of 5% Weight 
Loss Air/Nitrogen (TGA), ·C 476/515 467/511 467/507 4n/51 0 470/472 

TABLE 2: UNORIENTED THIN FILM TENSILE PROPERTIES 

Stoichiometric Test I Tensile I Tensile 
I Elongation, 

Imbalance, Mole % Temperature, ·C Strength, MPa Modulus, GPa % 

23 I 125 4.1 14 
0 

232 85 2.8 7 

23 125 3.6 12 
1.5 

232 81 2.6 5 

23 129 4.0 30 
3.0 

232 83 2.8 12 

23 118 3.5 13 
5.0 

232 66 2.3 8 

23 114 3.6 22 
7.0 

I 232 71 2.6 10 

TABLE 3: PREUMINARY UNIDIRECTIONAL CARBON FIBER COMPOSITE PROPERTIES 

Test Flexural Flexural Compressive Compressive 
Temperature, ·C Strength, MPa Modulus, GPa Strength, GPa Modulus, GPa 

23 1,910 136 1,115 116 
200 1,290 108 

232 1,124 100 

These Tables of Physical Properties illustrate the thermal stability and the excellent 
tensile strength of several PAEBI neat polymers and one composite. 

This work was done by John W. 
Connell and Paul M. Hergenrother of 
Langley Research Center and Joseph 
G. Smith, Jr. , of the University of Akron. 
For further information, Circle 87 on 
the TSP Request Card. 

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-14924. 

Polyimides Made From 4,4'·lsophthaloyldiphthalic Anhydride 
High-performance, thermoplastic, amorphous, and semicrystaliine materials have been obtained. 

Langley Research Center, Hampton, Virginia 

Many polyimides, because of their ver­
satility, processability, and high thermo-oxi­
dative stability have become preeminent 
as technologically and commercially vi­
able materials for applications in which 
thermally stable, heteroaromatic compounds 
are required. One area of application is in 
the manufacture of lighter and stronger air­
craft and spacecraft structures. La RC:rP I 
is a thermoplastic polyimide well known 
as a high-performance material. It is de­
rived from 3,3',4,4'-benzophenonetetracar­
boxylic dianhydride (BTDA) and 3,3'-dia-

24 

minobenzophenone (3,3'-OABP) and is 
prepared in 2-methoxyethyl ether (diglyme). 
It was invented at NASA Langley Research 
Center and is a commercially available 
product. The similarity of 4,4'-isophtha­
loyldiphthalic anhydride (IOPA) to BTDA 
prompted a study to determine whether a 
polyimide made with the BTDA-like IOPA 
would possess the thermo-oxidative stabili­
ty and other properties of such other poly­
imides as LaRC:rPI. 

In experiments, twelve high-tempera­
ture, high-performance polyimide composi-

tions based on IOPA were prepared and 
characterized. Tough, film-forming, poly­
imides insoluble in organic solvents were 
obtained in most cases. Three materials 
were semicrystalline. These materials of­
fer the potential for the development of 
semicrystalline polyimides that have en­
hanced resistances to solvents and caustic 
chemicals, higher tensile strengths and 
moduli, enhanced thermo-oxidative sta­
bilities below their melting temperatures, 
and enhanced melt processability, espe­
cially when heated to the melting tempera-

NASA Tech Briefs, May 1993 



Miller-Stephenson, leader in specialty chemicals , introduces a new line 

of environmentally responsive solutions. These products contain NO 
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tures. In comparison with Kapton f-f!l poly­
imide film, several of the polyimides 
exhibited excellent long-term thermo-oxi­
dative stability when subjected to isother­
mal thermogravimetric analysis (ITGA) at 
temperatures of 300 °c and 350°C in air. 

One material displayed different levels 
of semicrystallinity over a wide range of 
final curing times and temperatures. This 
material, made from IDPA and 1,3-bis(4-
aminophenoxy-4'-benzoyl)benzene (BASS) 
exhibited multiple crystallization and melt­
ing behavior, implying the existence of two 
kinetic and two thermodynamic crystalliza­
tion and melting transitions. These IDPA 
polyimides (see figure) typically form ma­
terials of high molecular weight. Films of 
the polyimides cast from N,N-dimethyla­
cetamide (DMAc) are usually creasable 
and lightly colored and have glass-transi­
tion temperatures between 188 and 303°C, 

This is the General Structure of a Polyimide 
Made From IDPA. "Ar" denotes the radical 
derived from a corresponding amine, and n 
is an integer. 

as determined by differential scanning cal­
orimetry (DSC). They are all insoluble in 
hot, highly polar solvents like m-cresol and 
dimethyl acetamide after curing at a tem­
perature of 300°C in air. The long-term 
thermo-oxidative stabilities of these ma­
terials were found to be excellent at 300 °c 
and 350°C in air. Several compositions 
were found by DSC and wide angle x-ray 
scattering to be semicrystalline. These 

novel materials, which have controlled 
levels of crystallinity and excellent resis­
tance to chemicals at high temperatures, 
are valuable additions to the polyimide 
family of coatings and films. 

This INOrk was done by J. Richard Pratt 
of Lnckheed Company, Terry L. St. Clair 
and Vernon L. Bell of Langley Research 
Center, Carol Gautreaux of Analytical Ser­
vices and Materials, Inc. , and Margaret 
Gerber of Lockheed Company. For further 
information, Circle 14 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 develop­
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 20]. Refer to LAR-14194. 

Poly(Arylene Ether Imidazole) Surface Films 
These films adhere well to some substrates, provide smooth surfaces, 
and facilitate release from molds. 
Langley Research Center, Hampton, Virginia 

Thin films of thermoplastic poly(ar­
ylene ether imidazole)s (PAEI's) have 
been found to be particularly suitable for 
use as surface modifiers for graphite/ 
epoxy or graphite/bismaleimide com­
posite panels. A molecule of PAEI in­
cludes imidazole groups along its back­
bone that co-cure (Le., react chemically) 
with epoxies or bismaleimides during 
processing. This co-curing provides ex­
cellent adhesion between PAEI films and 
the graphite/epoxy or graphite/bismalei­
mide panels. 

If a PAEI film is applied to such a pan­
el during processing in a smooth mold, 
then the as-processed panel has a 
smooth (specular) surface. Thus, there 
is no need for postmachining or polish­
ing of PAEI-processed parts made of 
neat-resin epoxies and/or bismalei­
mides or made of composites of epox­
ies and/or bismaleimides that may con­
tain any type of continuous or chopped 
fibers or fabrics. Additionally, PAEI films 
are readily released from smooth glass 
or stainless-steel molds, so that no re­
lease agent is necessary. The adhesion 
between the PAEI films and the panels 
remains even after thermal cycling from 
room temperature to about -196 °C. 
PAEI films are thermally stable and re­
sistant to bombardment by energetic 
electrons. 

Figure 1 provides a molecular-level 
schematic representation of the interface 
between a PAEI film and a graphite/ 
epoxy facesheet. The chemical reac-

26 

tion between the epoxy and the PAEI 
makes this interface more stable than 
an interface based on secondary adhe­
sive forces, which occurs when a nonre­
active film like Kapton~ (or equivalent) 
polyimide is used. The interface formed 
between the epoxy and the PAEI film 
results in better thermal-cycling behav­
ior because a gradient in chemical com­
position is formed between the two 
layers: presumably this gradient is ac­
companied by a gradient in the coeffi­
cient of thermal expansion between that 
of the PAEI film and that of the epoxy. In 
contrast, a nonreactive film can disbond 
after prolonged thermal cycling be­
cause of the accumulation of stresses 
caused by the mismatch between the 
coefficients of thermal expansion of the 
film and the epoxy. 

The following example illustrates 
the use of a PAEI thermoplastic film in 
the manufacture of a precise compos­
ite-material reflector panel : A PAEI film 
50 f.1m thick was placed directly against 
a precision convex paraboloidal glass 
tool 36 cm in diameter. The perimeter 
of the film was affixed to the glass tool 
by use of double-sided adhesive tape. 
A 25-cm-diameter, uncured, eight-ply, 
quasi-isotropic prepreg tape layup com­
posed of T50 carbon fiber with ERL-
1962 epoxy resin was placed on top of 
the PAEI film and glass tool. The entire 
tool and layup were vacuum bagged 
and heated to 177 °c under a pressure 
of 0.7 MPa in an autoclave; this caused 

~ 
N ~ NH Poly(Arylene 

----©------ ~~~) 

~ 
IWHC-Hf-N~ N-CH2- CH Poly(Arylene 

II © I ""'Ether 
~ ----0-------~~ . ::;ole)/ 

Layer 

/ /Gra"ite/~ox~ 
/ / Substrate / 

/ / / 

Figure 1. The Interface between a 
graphite/epoxy substrate and a surface film 
of PAEI contains molecular bonds and gra­
dients of chemical composition and ther­
mal expansion. 

the epoxy to cure and to bond chemi­
cally to the surface of the PAEI film . 

Next, a 5-cm-thick, graphite/pheno­
lic compOSite honeycomb core materi­
al and a T50/ERL -1962 composite face-
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You probably owus for ~ brick, 
butwhen ~u look a little closer 

~u' 11 find we're big 
in electrical ceramics, too. 

When you take a close look at Harr p you'll 
find we're into computer chips, ceramic 
substrates, ferrites, insulators, spark plugs­
and just about every electrical ceramic around. 
Harrop is your single source for modem kiln 
design. No matter what your processing 
need, Harrop can custom design kilns 
for the high technology processes of 
the 80's. 

Harrop offers prefabricated 
and field-built kilns - both con­
tinuous and periodic - including 
Shuttle Kilns and Elevator Kilns 
for medium volume pro­
duction, Tunnel Kilns for 
high volume production, 
Pusher Plates for pre­
cision temperatures and 
atmospheres and Box 
Kilns for small pro­
duction. The com­
petition only offers 
1 or 2 models. 

But we 
don't just sell you 
a kiln. We start by 
first understanding 
your operation. 
We take the time 
to learn your 
entire process. 
Then we work 
closely with you to 
design a kiln applica-
tion that fits your exact needs. 
And before we make our recommenda-
tions, your materials are put through a 
comprehensive materials testing program in 
our labs to determine the optimum firing 
cycle and thermal processing. 

In every kiln Harrop builds we use micro­
processor control systems for precision control 

of temperature and the entire firing process. 
And, you'll find operating flexibility to 

be a key advantage, too. We understand your 
needs for kilns that are flexible, and you'll 

find it in every kiln we build. They're kilns which 
respond to changes in production 

or to changes in 
product line. 
Even more, 

our experienced 
technical staff will 

continue to provide 
technical advice and 

service whenever 
you need us. We're 
service oriented -
and have been for 

60 years. And, we'll 
train your operators, 

troubleshoot your oper­
ating problems, and con­

tinue to recommend 
practical improvements 

for your firing application. 
It's all part of Harrop's 

design philosophy - to stay 
abreast of new develop­

ments in electronic and elec­
trical ceramics. And to build 
reliable, rugged, and fast fire 
gas and electric kilns - that 
offer the greatest flexibility, 

fuel efficiency and overall pro-
ductivity to make your operation 

more profitable. 
We've been around a longtime. 

And we offer a broad spectrum of sophisticated 
kiln designs and heating applications. So the 
closer you look, the more you'll find. To find 

out more, call or write Harrop Industries, Inc., 
3470 East Fifth Avenue, Columbus, Ohio 43219, 

Telephone: 614/231-3621. 

Electrical Ceramics: we talk the language at 
HARRDP 
_INDUtlTRln, INC_ 
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sheet were adhesively bonded to the 
back of the laminate (the side without 
the PAEI film). After the adhesive cured, 
the entire resulting panel was lifted 
from the glass tool, and the excess 
PAEI film was trimmed from the edge 
of the panel. The panel had a precise 
concave paraboloidal contour with the 
PAEI film bonded to the surface provid­
ing a glasslike finish. The final reflector 
surface (see Figure 2) was produced 
by vapor deposition of a reflective alu­
minum layer 500 A thick onto the sur­
face of the PAEI without any pretreat­
ment or polishing. A layer of silicon 
monoxide 500 A thick was deposited 
on the aluminum. The accuracy of the 
reflector surface was determined with 
an infrared laser interferometer and was 
measured to be 1.8 Jlm root-mean­
square over the entire 25-cm diameter. 
The paraboloidal composite reflector had 
an areal weight of 5.7 kg/m2. 

This work was done by John W. 
Connell, Timothy W. Towell, and Stephen 
S. Tompkins of Langley Research Cen­
ter. For further information, Circle 40 on 
the TSP Request Card. 

Inquiries conceming rights for the com­
mercial use of this invention should be 
addressed to the Patent Counsel, Lang­
ley Research Center [see page 20). 
Refer to LAR-14812 

o , 2 3 4 ~ b 7 8 9 ~ " 12 ~ 14 ~ 
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Figure 2. A Paraboloidal Reflector was molded as a u~itary compos~t~ laminate panel 
with PAEI surface film . The surface film was then aluminized for reflectiVity. 

Prestressed 
Composite Parts 
The well-known prestressing 
concept would be applied 
to smaller components. 
Marshall Space Flight 
Center, Alabama 
Matrix/fiber structural components would 

be strengthened by prestressing, accord­
ing to a proposal. As in larger structural 
components (e.g., concrete beams rein­
forced with steel bars), prestressing would 
increase the effective tensile strengths of 
the components, enabling the components 
to function in applications in which they 
would otherwise fail. 

The basic idea in prestressing is to main­
tain a permanent compressive stress in a 
structural material that is weak in tension 
but strong in compression: this compres­
sive stress should be large enough that 
when an external load is applied to the 
structural component, the net load in the 
tensionally weak material is still compres­
sive. In the case of a matrix/fiber compos­
ite material , the fibers (which are typically 
strong in tension) could be used to 
prestress the matrix (which is typically 
weak in tension) in compression. 

In the fabrication of a prestressed ma-
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trix!fiber composite part, the fibers would 
be placed in tension while they were being 
encapsulated in the matrix material (see 
figure). After completion of the encapsula­
tion process (including curing of the matrix 
material), the fibers would be released 
from the external equipment that imposed 
the tension, causing the fibers to pull the 
matrix material into compression. 

A variety of fiber/matrix combinations 
sould be fabricated in this way. For exam-

pie, prestressed quartz fibers could be en­
capsulated in a ceramic matrix. The result­
ing composite could be used to make a 
blade for a gas turbine. The ceramic, nor­
mally weak in tension, would have high 
strength and 'MlU1d enciJre high terrperature. 

This work was done by Michael M. Surls 
of United Technologies Corp. for Marshall 
Space Flight Center. No further docu­
mentation is available. 
MFS-28676 

Fibers 
in Tension 

Reinforcing Fibers Are Stretched while they 
are encapsulated in a matrix. After encap­
sulation, the fibers are released, placing the 
matrix in lengthwise compression. 

Freeze-Drying Makes Improved IPN and Semi-IPN Polymers 
Fracture toughnesses and thermal/mechanical performances of polyimides are enhanced. 

Langley Research Center, Hampton, Virginia 

Highly cross-linked polyimides are in­
herently brittle and prone to microcrack­
ing in thermally cycled fiber composites. 
A novel process has been developed for 
the production of interpenetrating polymer 
networks (lPN's) or semi-lPN's with greater 
fracture toughness and resistance to mi­
crocracks. This process controls the de­
gree of phase separation in the lPN's. 

TraditionallY, lPN's have been made by 
using a common solvent for two different 
organic constituents and then evaporating 
the solvent. One or both of these constit­
uents may have reactive end caps, pro­
ducing semi-lPN's or full lPN's, respective­
ly. During the evaporation process, the 
oligomer and polymer components sepa­
rate because of differences in solubilities 
as the solution is concentrated. The ther­
modynamic dependence of the solubility 
of a constituent with removal of solvent 
strongly influences separation of phases 
and thus the microstructures of the lPN's. 

The novel process involves freeze-drying. 
The solvent is removed by rapidly remov­
ing energy from the liquid at ambient pres­
sure. The solution of oligomer and polymer 
constituents is thermally quenched to a 
solid in a very short time. The thermody­
namic state of the two organic constituents 
in the solid is metastable. A small amount 
of energy is ~t into the system to enhance 
sublimation, but the temperature of the 
solid is kept below the triple point of the 
solvent. The remaining solid material is a 
microporous open-cell foam of the mini­
mally phase-separated constituents. 

A solvent suitable for use in the freeze­
drying process can be either a solid,liquid, 
or gas at ambient temperature and pres­
sure. As an example, 1,3,5-trioxane is an 
excellent solid solvent for the freeze-drying 
process. It can easily be sublimed at room 
temperature at a subambient pressure and 
can dissolve both an imide thermoset 
oligomer and a thermoplastic polyimide in 
the amic acid form. Suitable liquid solvents 
are numerous. Carbon dioxicfe (CO2) is a 
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good example of a suitable gas solvent. 
In a control experiment, lPN's and semi­

lPN's were formed by dissolving the con­
stituents in another common solvent in the 
traditional method. The neat resins and 
composite materials thus produced were 
tested for both the traditional and freeze­
drying processes. In all cases, glass-transi­
tion temperatures and data from dynamic 
mechanical tests of the freeze-dried lPN's 
and semi-lPN's demonstrated that the 
freeze-drying process provided much im­
proved lPN's and semi-lPN's. 

This work was done by Ruth H. Pater, 

Ricky E. Smith, and Ruperto T. Razon of 
Langley Research Center; Marion G. 
Hansen and Hahn J. Hsiung of the Univer­
sity of Tennessee; and Mark D. Soucek 
of the National Research Council. For fur­
ther information, Circle 7 on the TSP Re­
quest 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 develor:r 
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 20]. Refer to LAR-14677. 



Silica Precursors Derived From TEOS 
Advantages include easy-to-use liquid forms and high char yields. 

lEwis Research Center, Cleveland, Ohio 
In recent years, the need for high·tem· 

perature, lightweight, oxidation-resistant 
materials has directed attention toward the 
synthesis and fabrication of refractory sili­
cates, such as aluminum silicate and mul­
lite. Their use is of interest in the formation 
of monolithics and fiber-reinforced ceramic 
composites in jet'engine components. 

Early investigators studied sol-gels for 
this purpose. Their results indicate that, 
while they are well suited for silicate­
powder synthesis, sol-gels have limited a~ 
plication in fabricating ceramic articles. 
The high·solvent content of sol-gels results 
in low-oxide char yields in the range of 10 
to 15%. This low yield results in consider­
able shrinkage in processing sol-gels to the 
final densified product. 

To overcome these difficulties, two high­
char-yield polysiloxane polymers have 
been developed. They are designated as 
TEOS·A and TEOS-B with silica char yields 
of 55% and 22%, respectively. These free· 
flowing polymers are Newtonium liquids 
instead of thick gels. They are easily syn· 
thesized by the controlled hydrolysis of in­
expensive tetraethoxysilane (TEOS). 

The higher-molecular-weight TEOS-A is 
a gluelike adhesive liquid of viscosity 8,000 
to 12,000 c.p. , whereas TEOS·B is a more­
fluid liquid of viscosity 150 to 200 c.p. The 
synthesis of TEOS·A or TEOS-B depends 
on the mole ratio of H20/TEOS used in 
the hydrolysis reaction . Both precursors 

are organic polymers that are miscible 
with such common organic solvents as 
toluene and ethanol, but immiscible with 
water. 

The adhesive properties of TEOS-A sug­
gest its use as a binder for the fabrication 
of ceramic articles from oxide powders. 
On cold-pressing an oxide powder such 
as alumina or silica mixed with TEOS-A 
binder, "green" (in the sense of uncured) 
bodies of good mechanical strength are 
obtained. When these "green" body com­
pacts are heated to about 120°C, the 
TE08-A binder thermosets to a hard, cross­
linked polysiloxane, causing the solid ox­
ide powder to be held in a solid polymer 
matrix that can be easily handled without 
damage. When the compact is heated, the 
polymer decomposes to form amorphous 
silica, which cements together the oxide 
grains via the formation of reaction-bonded 
silicate. 

Unlike purely organic binders, which 
add no matter to the final compact, polysil­
oxanes contribute silica. When the purely 
organiC binder burns off before the onset 
of sintering, there is no binder left to hold 
the compact together. On the other hand, 
with the polysiloxane binder, amorphous 
silica remains to cement the oxide grains 
together. By increasing the proportion of 
TEOS-A in the powder mixture, one pro­
duces a puttylike material that can readi­
ly be molded into complex shapes, then 

Plastic Foam Withstands Greater 
Temperatures and Pressures 

heated to turn the bodies thus shaped in­
to ceramics. 

The less-viscous and more-fluid lower­
molecular-weight TEOS-B can be used to 
infiltrate already-formed porous ceramic 
compacts to increase their densities with­
out effecting shrinkage. The vacuum infil­
tration of TEOS-B into a porous ceramic 
article followed by heating causes the 
pores to become filled with silica or sili­
cates. Also, TE08-B can be used as a paint 
to coat a substrate with silica. Another a~ 
plication of this precursor is to make highly 
pure silicate powders. In such a case, 
TEOS-B is mixed with the desired amount 
of oxide, then heated. The highly dispersed 
active amorphous silica thus produced 
readily reacts with the powdered oxide to 
produce silicates. Alternatively, the oxide 
powder can be alumina, in which case 
mullite can be made. 

This V\Ork was done by Warren H. Philipp 
of Lewis Research Center. Further infor­
mation may be found in NASA TM-102489 
[N90-21858], "Polysiloxanes Derived from 
the Controlled Hydrolysis of Tetraethox­
ysilane as Precursors to Silica for Use in 
Ceramic Processing." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. LEW-15096 

A machinable material withstands composite-processing conditions. 

Marshall Space Flight Center, Alabama 

An improved plastic foam is suitable 
for use in foam-core laminated com­
posite parts and in tooling (molds, sub­
strates, and mandrels) for ma~ing fiber/ 
matrix-composite parts. In comparison 
with other plastic foams used hereto­
fore in similar applications, this foam is 
stronger at high temperatures (see fjg­
ure) , more thermally and dimensionally 
stable, more machinable, more resis­
tant to chemical degradation, and less 
expensive. It is compatible with a vari­
ety of matrix resins. The foam is made 
of a polyisocyanurate blown with car­
bon dioxide and has a density of 12 to 
151b/ft3 (192 to 240 kg/m3) . 

The improved foam is formulated with 
commercial, readily available raw materi­
als. Because it is blown with carbon di-
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oxide rather than fluorocarbons, it does 
not contribute to depletion of ozone from 
the atmosphere. It is compatible with 
epoxy, bismaleimide, and phenolic res­
ins. It can withstand the temperatures 
[up to 375°F (191°C}) and pressures [up 
to 135 psi (931 kPa)] at which compos­
ites that contain these resins are cured; 
it can also withstand postcuring at 
475°F (246°C). Other foam-core ma­
terials tend to disintegrate under these 
conditions. The improved foam also 
shrinks less than the other foams do. 
At $17 per cubic foot ($600 per cubic 
meter) (1992 prices), the cost of this 
foam is less than one-third that of the 
commercial foam now used for the 
same purposes. 

The improved foam could be used in 
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The Improved Polylsocyanurate Foam 
retains much of its compressive strength 
at 500°F (260°C). In contrast, a commer­
cial foam-core material loses most of its 
strength at this temperature . 
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the cores of composite panels in such 
diverse products as aircraft, automo­
biles, railroad cars, boats, and sporting 
equipment like surfboards, skis, and 
skateboards. It could also be used in 
thermally stable flotation devices in sub­
mersible vehicles. The improved foam 
can be machined into mandrels upon 
which filaments are wound to make 
shells. In some cases, layers of foam 
could be left in the shells to serve as 
thermal insulation. 

Books and Reports 
These reports. studies. handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from the 
National Technical Information Service. 

Optimum Interfacial Layers 
for FiberlMetal Composites 

The effects of thickness, 
modulus of elasticity, and 
coefficient of thermal 
expansion are considered. 

A report presents a theoretical stress­
analysis study of some of the factors that 
affect the choice of a thin layer of material 
to be placed at the interface between each 
fiber and the matrix of a ceramic·fiber! 
metal-matrix composite. When the com­
posite is cooled to room temperature from 
the higher temperature at which it is man­
ufactured, the mismatch between the larger 
coefficient of thermal expansion of the 
matrix and the smaller coefficient of ther­
mal expansion of the fibers introduces 
complicated residual stresses that can re­
sult in cracking. The interfacial layer is in­
tended to reduce the residual stresses by . 
absorbing some of the mismatch. 

The mathematical model for the stress 
analYSis was a cylinder composed of three 
concentric layers: a solid inner core that 
represented the fiber, a layer that repre­
sented the interfacial material surrounding 
the fiber core, and an outer layer that rep­
resented the matrix. The stress analysis 
considered only the residual stresses from 
one cool-down cycle. To simplify the stress 
analysis, the elastic and thermal·expan­
sion properties of all three layers were 
taken to be isotropic and constant, and the 
analysis was limited to an elastic solution 
as a first approximation. 10 this analysis, 
the longitudinal stresses were decoupled 
from the transverse stresses. 

Once the properties of the fiber and ma­
trix materials are specified, the parameters 
to be varied in the optimization process 
are the thickness, modulus of elasticity, 
and coefficient of thermal expansion of the 
interfacial material. For this study, the cri-
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This work was done by John A. 
Cranston and Doug MacArthur of Mar­
tin Marietta Corp. for Marshall Space 
Flight Center. For further information, 
Circle 28 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 
2457WJ, to Martin Marietta Astronau­
tics Group. Inquiries concerning licenses 
for its commercial development should 
be addressed to 

terion for optimization was chosen to be 
the minimization of the average density of 
the elastic·distortion energy in the inter· 
facial layer and the matrix. [The distortional 
energy in the fiber was not considered 
because (1) this quantity was not ap­
propriate to a failure criterion for a brittle 
material like that of the fiber and (2) the 
fiber was unlikely to fail in any event be­
cause the stress in it is compressive and 
the compressive strength of the fiber ma­
terial was very high.] 

A computer program was written to per· 
form the stress analysis and optimization 
and was applied to several representative 
materials. The results of the computations 
indicate that the optimum thickness of the 
interfacial material is the largest allowable 
and that the optimum modulus of elastici­
ty of the interfacial material is the smallest 
allowable, no matter what fiber and mao 
trix materials are used. The results also 
indicate that the optimum coefficient of 
thermal expansion of the interfacial ma­
terial is intermediate between those of the 
fiber and the matrix. 

With this analysis, some materials were 
surveyed as candidates for use as interfa­
cial material in some specific composites. 
It was found that only a few materials had 
optimum moduli of elasticity and optimum 
coefficients of thermal expansion. To in­
crease the number of candidate interfacial 
materials, elements with less·than-opti­
mum moduli and coefficients were also ex­
amined. The residual stresses in the ma­
trices and interfacial materials were also 
calculated for composites that contained 
these interfacial materials. 

This work was done by Bradley A. Lerch 
of lewis Research Center and Louis J. 
Ghosn of Sverdrup Technology, Inc. Fur­
ther information may be found in NASA TM-
102295 [N89-27223], "Optimum Interface 
Properties for Metal Matrix Composites." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 

Martin Marietta Astronautics Group 
Attn. Martin G. Anderson, 

Intellectual Property 
Assoc. General Counsel, 
P. O. Box 1 79, Mail Stop DC-1 0 1 0 
Denver, CO 80201 
Refer to MFS-287", volume and 

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

orders may be placed for an extra fee by 
calling (800) 336-4700. LEW-15101 

Properties of CarbonI 
Carbon and CarbonI 
Phenolic CompOSites 
Charts and tables document 
an extensive series of tests. 

A 194·page report presents data on the 
physical properties of carbon-fiber-rein· 
forced carbon-matrix and phenolic-matrix 
composite materials. The data are based 
on tests conducted on panels, cylinders, 
blocks, and formed parts. The test speci­
mens were fabricated by standard proc­
esses for fiber-reinforced composites. The 
data can be used by designers to analyze 
thermal-response and stress levels and 
develop structural systems that ensure 
high reliability at minimum weight. 

The data are given in charts and tables. 
They include enthalpies; heat capacities; 
and coefficients of thermal expansion and 
thermal conductivities in the warp, fill , and 
warp!fill directions. Other data that are 
presented include average compression 
moduli, compression ultimate strengths, 
ultimate strains, and shear strengths. The 
data were taken at temperatures from 0 
to 5,000 ° F ( -18 to 2,760 0q. 

This work was done by John R. Mathis 
and A. R. Canfield of Thiokol Corp. for Mar· 
shall Space Flight Center. 
MFS-28698 
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It's just what the doctor 
ordered. Not only can the 
VLDS instrumentation 
recorder store an amazing 

10.4 gigabytes of information on a single 
ST-120 cassette, it can also do it at a burst 
rate of up to 20 megabytes per second. 

And now, Metrum's Buffered VLDS makes 
it possible to set variable rates for acquisition 
and playback. Anywhere from 0 to 32 Mbits 

The Metrum BVLDS uses a 16 MB 
buffer to give you the kind of speed and 

tlcxibiJity you need to relieve painful data 
acquisition and playback headaches. 

per second streaming. Not to mention, the 
BVLDS has a simple remedy for interfacing 
problems, with parallel TTL, differential, bit 
serial and ANSI standard SCSI interfaces. 

Plus, you'll get it all at a price you'll find 
very easy to stomach. 

So call and order a BVLDS now. And you 
won't nee.d to call anyone in the morning. 

M --- T R U M 

FOR MORE INFORMATION ON WHY BUFFERED IS BETTER, JUST CALL 1-800-METRUM-2. 
For literature circle 577 
For a product demo circle 578 
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Engineering Excellence for 15 Years ™ 

3707 N. Canyon Road • Provo, UT 84604 
(801) 224-6550 • Fax (801) 224-0355 

Electronic Components 
and Circuits 

Augmented Computer Mouse Would 
Measure Applied Force 
Data on force (or other varying input) would enhance 
interaction with the user. 
Lyndon B. Johnson Space Center, Houston, Texas 

A proposed computer mouse would 
measure the force of contact applied by 
the user. This measurement would add 
another dimension to the two-dimensional­
position-measuring capability of the con­
ventional computer mouse; that is, the 
force measurement could be designated 
to represent any desired continuously vari­
able function of time and position, such 
as a control force, acceleration, velocity, 
or position along an axis perpendicular to 
the computer video display. The proposed 
mouse could enhance the sense of real­
ism and intuition in the interaction between 
the operator and the computer. As such, 
it would be useful in such applications as 
three-dimensional computer graphics, com-

puter games, and mathematical modeling 
of dynamics. 

A typical conventional mouse includes 
rollers or optical sensors that measure the 
position of the mouse in the x- y plane, plus 
a multiplexer and analog-to-digital convert­
er through which the poSition measure­
ments are transmitted to the computer. In 
addition, it includes one or more on/off but­
ton switches that are pressed by the oper­
ator to mark desired positions and/or trans­
mit other information of a binary nature. 
The proposed mouse would include all of 
the foregoing Circuitry, except that in ad­
dition to or in place of the on/off switches, 
there would be one or more force sensors 
and the associated circuitry. 

Force-Sensor Pads 
Force Applied by Operator 

Force (Transmitted From \ 
Operator Through Pad 

When Upper Sheet 
Is Rolled Down 

Onto Lower Sheet) 

FORCE-MEASURING MOUSE 

Force-Sensit ive 
Electrically-Resistive Ink 

Sheets of Mylar (or Equivalent) 
Polyethylene Terephthalate 

DETAIL OF FORCE SENSOR 

Figure 1. The Electrical Resistance of a Layer of Ink in contact with metal electrodes 
would vary with the force applied by the operator_ 

For More Information Circle No. 646 NASA Tech Briefs, May 1993 



ne-stop s Ie Ing. 

For half a century, Instrument 
Specialties has led the way in 
EMIIRFI shielding. Thday we are the 
supplier of choice for beryllium 
copper (BeCu) gasketing. BeCu 
offers forrmdable tensile strength, 
exceptional stability, superior 
thermal/electrical conductivity and 
ease of fabrication. 

One-stop shopping for all your 
EM! shielding. 

But more than 250 BeCu configu­
rations were just the beginning. 
Instrument Specialties now offers 
wire mesh, conductive elastomers, 
vent panels and air filters. A com­
plete line of EMIIRFI shielding 
solutions is on our shelf and ready 
to ship. Plus specialized platings 
and custom capabilities. 

We want to be up front about 
our design help. 

Instrument Specialties engineers 
will work with yours right from the 
drawing board stage. Our Finite 
Element Analysis simulates real-life 
working conditions. With CAD/CAM, 
photoetching, wire EDM and other 
state-of-the-art technologies, we help 
you achieve a total shielding solution. 
And a lot fewer headaches. 

Million dollar expansion of 
testing capability. 

A major capital investment has 
dramatically upgraded our ability to 
perform certified testing for all 
worldwide EMC specifications and 
standards in compliance with 
ISO-9000 requirements. At our facility 

or yours. For full facts ... 
for our new color 
brochure ... for one-stop 
shielding, please write, 
call or fax today. 

Instrument Specialties • 
~ Headqwuoten: Delaware Water Gap, PA 18327-0136 

TEL: 717-424-8510 FAX: 717-424-6213 
w.tena DivbIou: 505 Porter Way, Placentia, CA 92670 
TEL: 714-579-7100 FAX: 714-579-7105 
Europeaa DtviIdou: Champ Tignee 34, 4671 Barchon. Belgium 
TEL: + 32-41-877170 FAX: + 32-41-877175 

For More Information Circle No. 647 



Each force sensor would be a thin sand­
wichlike assembly. It would includ~ inter­
digitated metal electrodes mounted on an 
insulating plastic sheet in contact with a 
layer of force-sensitive electrically resistive 
ink on another plastic sheet (see Figure 
1). The resistance of the ink, and thereby 
the applied force, would be sensed by in­
corporating the ink resistor into a simple 
operational-amplifier voltage-dividing and 
low-pass-filtering circuit. The output of this 
sensing circuit would be digitized and sent 
to the computer along with the position 
measurements (see Figure 2). The mouse­
driving software in the computer would 
decode the digitized resistance (force) 
data and pass them on to the application 
program. 

Of course, the augmented mouse could 
be made to operate in the conventional 
on/off mode by designating threshold "on" 
and "off" force levels. To prevent oscilla­
tions between "on" and "off" and oversen­
sitivity to unintended small variations in ap­
plied forces, the "on" threshold level 
should exceed the "off" threshold level by 
a suitable dead band. This force-sensor 
concept could also be applied to computer 
keyboards; for example, in an electronic 

,-------1 

I : 
Fo«::'t,:::lng I I 

~~_I ~~ I 
Output I 

I 
I I L-=- _____ -.J 

To 
Computer 

Synchronizing 
SIgn81s 
From 
Computer 

Figure 2. These Signal-Processing Circuits would be included in the mouse along 
with the force sensor(s). 

piano, pushing harder on a key could in­
creas~ the gain of an amplifier, causing 
the note to be played louder. 

This ....ork was done by Larry C. H. U 

of Johnson Space Center. For further in­
formation. Circle 4 on the TSP Request 
Card. 
MSC-21876 

Sandwich-Geometry YBa2Cu307-J Au/Nb SNS Devices 
Results show promise for manufacture of practical devices. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Superconductor/normal-conductor/super­

conductor (SNS) devices in which the elec­
tronicallyactive layers consist of the high­
temperature superconductor Y~CuP7-o' 
the normal conductor /lJ.J, and the conven­
tional superconductor Nb, respectively, 
have been fabricated in sandwich geome­
try. These devices and the processes by 
which they are fabricated are being in­
vestigated as part of a continuing effort to 
develop SNS microbridges for use in su­
perconducting quantum interference de­
vices (SQUID's) or as mixers or local os­
cillators that operate at frequencies of 
hundreds of gigahertz. These sandwich­
geometry SNS devices have been used to 
determine the physical properties of the 
materials in them and their performances 
as electronic devices, all with a view to­
ward improving the fabrication processes. 

Several variations of the fabrication proc­
ess were tried. Thin films of YBa,pu307_o 
were deposited by laser ablation to a thick­
ness of 1,000 to 3,000 A: some on (100) 
cubic zirconia substrates, others on (100) 
LaAI03 substrates. During deposition, the 
films were heated to temperatures of 700 
to 750°C in an atmosphere of oxygen at 
a pressure of 10 mtorr (1.3 Pa). After de­
position of the YBa2Cu307_ 0' the pres­
sure of the oxygen was increased to 800 
mtorr (107 Pa) at the high temperature; 
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Substrate 
INITIAL DEPOSITION 

OF FILMS / PATIERNING BY USE 
OF PHOTORESIST 

MgO Insulating Layer 

FORMULATION OF 
INSULATING 

LAYER 

, 

FORMATION OF 
Nb WIRING 
ELECTRODE 

Figure 1. SNS Devices are fabricated in a multistage process in which a square array 
of them is formed on a substrate. A cross section of one of the devices is shown here 
schematically at selected stages of the process. 

then. depending on the particular speci­
men, one of two subprocesses was carried 
out: Either (1) the specimen was immediate­
ly cooled to 450 °C and annealed in oxygen 
at 500 torr (6.7 x 1Q4 Pa) for 30 minutes, 
then the atmosphere was changed to Ar 

at 10 mtorr (1 .3 Pa), the temperature of the 
specimen was reduced below 100 °C, and 
gold was deposited on it; or else (2) the 
specimen was cooled to room tempera­
ture, then gold was deposited on it as de­
scribed above, then the specimen was SIb-

NASA Tech Briefs, May 1993 



NOTHING ESCAPES ThE NIGHT HAWK. 
An ominous blip appears on the radar screen 

of a fighter during patrol. The temperature begins to 
rise within the core of a nuclear power generator. A 
hacker bent on espionage leans over his keyboard, 
sending password sequences. 

Whether they're real-world situations or training 
simulations, crucial circumstances like these require 
critical computer performance. The most vital data 
can be lost in an instant, if your system gives you a 
delayed reaction instead of real-time response. But 
when microseconds count, Night Hawk flies. 

Night Hawk is a complete family of real-time, 
open-architecture, multiprocessing computer 
systems using 88open""-compliant RISC 
technology, UNIX'" and VME. Systems 
that are already proven in demanding 
real-time applications of all 
kinds, allover the world. 

Systems built by Harris, a $3 billion corporation 
with more than 20 years of continued leadership in 
advanced computing. 

Night Hawk's modular design allows it to be eas­
ily upgraded in the field , protecting your investment 
and reducing your long-term cost of ownership. And 
it offers a multilevel secure environment for your 

sensitive applications. 
When the capture of data is essential, you 

need a system that lets nothing escape. You need 
the Night Hawk 

For further information, write Marketing 
Communications, Harris Computer 
Systems, 2101 West Cypress Creek Road, 
Ft. Lauderdale, Florida 33309. Call 1-800-
4HARRIS, ext. 4009, from inside the U.S. 
Or 1-407-727-9207, ext. 4009, from outside 

the U.S. FAX 407-724-3334. 

11 HARRIS 
UNIX is a registered trademark of AT&T. er 
880pen is a trademark of the 880pen Consortium. 

For More Information Circle No. 426 



38 

Figure 2. This Current­
vs.-Voltage curve was 
measured on a 5 x 5 J.'m 
square device and indi­
cates a critical current 
density of 3,800 AJcm2. 

./ 

He experiences some tough environments and creates a few 
himself. So do we. Whether you have a communications satellite 
or VCR, an automotive powertrain or power supply, we'll put it 
through its paces. 

Our terrain includes induced vibration \vith some of the 
world's most sophisticated dynamic test equipment. ot only are 
we an industry leader in pyrotechnic shock testing, we're able to 
generate sound levels to 200 dB and 165 dB at temperatures of 
3000°F. Or fatigue, life cycle, climatic testing, and EMCIEMI of 
200 Vim to 40 GHz. And even though we're able to simulate 
150,000 ft. altitude and 1000 ftjsec. changes, or subject exotic 
structures to wind tunnel velocities of Mach 10, we'll hit your 
schedule with minimum impact on your budget. 

For a free capabilities brochure, call or write NTS today. 

National 
Technical 
Systems 

1536 E. Valencia Drive, 
Fullerton, CA 92631 

West: (800) 677-2NTS 
East: (800) 723-2NTS 

For More Information Circle No. 466 
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jected to the high-tef'Tl)el'atUre ~ anneal. 
In either case, the thickness of the gold 

layer was 100 to 600 A. Next, a top layer 
of Nb 2,000 A thick and a cap layer of 
Au 100 to 300 A thick were deposited in 
a 10-mtorr (1.3-Pa) atmosphere of argon. 
All of these depositions were performed 
without breaking the vacuum in the de­
position chamber, other than to backfill 
with 02 or Ar as described above. 

In a subprocess that included photore­
sist masking, reactive-ion etching, argon­
ion milling, resist stripping, and argon-ion 
sputtering, each specimen substrate and 
its deposited layers were patterned into a 
square array of SNS devices. In a further 
subprocess, each device was provided 
with an electron-beam-deposited insulating 
layer of MgO and an Nb wiring electrode 
2,000 A thick (see Figure 1). 

The resulting devices were immersed 
in, or suspended over, liquid He, and their 
electronic characteristics at various tem­
peratures were measured by a four-probe 
technique. Supercurrents and the ac 
Josephson effect were observed at tem­
peratures ::: 8K. The R,r4 products (where 
Rn = the resistance of the device in the 
normally-conducting, high-current regime 
and A = the cross-sectional area that it 
presents to the electrical current) of the 
best devices were found to be as low as 
6 X1Q-9 O·cm2, and critical currents (see 
Figure 2) were found to be as high as 5.2 
kA/cm2. These were the devices that were 
annealed in oxygen after the deposition of 
gold and before the deposition of niobium. 

This work was done by Marc C. Foote 
and Brian D. Hunt of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 20 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 develo,:r 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page20). Refer to NPO-18394. 
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Exhibit Your Latest Products At 
Alllerica's Prelllier Technology Showcase 

TECHNOLOGY 2003 
The Fourth National Technology Transfer Conference & Exposition 

December 7-9, 1993 
Anaheim, CA Convention Center 

Sponsored by NASA and NASA Tech Briefs magazine, Technology 2003 is your best, most cost-effective opportunity to meet with & 
sell to top technology managers and senior design engineers throughout industry and government. At Technology 2003, the world's 
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Electronic Systems 

Multiple-User, Multitasking, Virtual-Memory Computer System 
Laboratory instruments and computer workstations have fast access to large memories. 

Lewis Research Center, Cleveland, Ohio 
A computer system has been designed r-----------------------------...., 

and programmed to serve multiple (of the 
order of 25 to 48) users in a research lab­
oratory. The system provides for the com­
puter control and monitoring of laboratory 
instruments, acquisition and analysis of 
data from those instruments, and interac­
tion with users via remote terminals. To 
each instrument and terminal, the system 
provides fast access to the shared cen­
tral processing units and the associated 
large (from megabytes to gigabytes) mem­
ories. The underlying concept of the sys­
tem is also applicable to monitoring and 
control of industrial processes. 

Of course, economy is the primary mo­
tivation for sharing computing resources. 
Expensive equipment like array proces­
sors, image processors, terminals, print­
ers, and color plotters can be shared at 
a cost much lower than that of dedicating 
a separate computer and peripheral equip-
ment to each project. Software for the con­
trol of instruments and the acquisition of 
data, and the data themselves, can also 
be shared. Heretofore, most software for 
use with laboratory instrumentation has 
been based on single-user operating sys­
tems, and the lack of the necessary soft­
ware has inhibited researchers from making 
the transition to multiple-user, multitask­
ing, virtual-memory computing systems. 

The computer system (see Figure 1) in­
cludes three central processing units 
(CPU 's), each with 16-Mbytes of memory. 
Two 474-Mbyte hard disks are attached. 
The second hard disk is for backup of 
system and user software. Generally, 16 
Mbytes of memory are required for the 
processing of large data arrays. 

Each CPU (subsystem) has a major spe­
cific function. CPU 1 is designed to ana­
lyze data and contains an array processor 
for fast Fourier transformations. In addi­
tion, CPU 1 shares an image processor 
with CPU 2. CPU 2 is designed to display 
and analyze images. A 32-Gbyte optical 
disk drive provides easy access to, and 
storage of, images. CPU 3 is designed to 
acquire data and contains 8 general-pur­
pose interface bus (GPIB) channels (ports) 
and an analog-to-digital (AiD) input/output 
interface with 16 channels. As many as 
nine users can use the third CPU simul­
taneously to acquire data. 

It is important to note that, although each 
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Color Printer Laser Printer 

Terminals Modem 

CPU 
3 

Array Optical AID 

Processor Storage 8 Differential 
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2 Channels 2 Channels 

Figure 1. This Computer System serves about 25 to 48 users simultaneously. 

Figure 2. Multiple Instruments of a Non·Destructive·Evaluation Group can be connected 
to a computer system like the one shown in Figure 1. 
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New! 120-page 
product guide. 
Send for your free copy today! 

Daedal 
Parker Hannifin Corporation 

Daedal Division 
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CPU subsystem has been designed for a 
specific function, it is not limited to that 
function. Therefore, CPU's 1 and 2 also in· 
clude GPIB and AID interfaces. A total of 
15 researchers can acquire data or con­
trol instruments simultaneously via the 
GPIB or AID interfaces. Additional users 
may be simultaneously analyzing data, 
processing images, developing software, 
and generating reports. 

The three CPU 's are connected via an 
Ethernet for easy transfer of files between 
systems. A terminal server connected to 
the Ethernet provides for remote access 
by multiple users to each of the CPU 's. 
Thus, terminals and instruments can be 
placed at different locations throughout the 

site. Modems attached directly to the CPU 
or Ethernet provide access to the system 
from remote locations off the site. Modems 
are used to initiate, stop, or check the 
statuses of experiments on evenings and 
weekends. 

Figure 2 shows a typical configuration 
for a non-destructive-evaluation research 
group. Recently, GPIB extenders have been 
made available by several manufacturers. 
By use of these extenders, instruments 
can be placed at locations remote from the 
CPU:s. The GPIB extenders are trans­
parent to the researchers' software. 

The multiple-user software subsystem 
includes a number of routines for the ac­
quisition of data and the control of instru-

ments via the GPIB. These routines are 
written in the FORTRAN and BASIC com­
puting languages. Preliminary experience 
has shown that when computer programs 
and instruments are easily shared, re­
searchers develop new programs rapidly 
to suit their particular needs, principally 
by modifying existing programs. Thus, the 
fundamental software is expanded and 
finely tuned to form a versatile system. 

This work was done by Edward R. 
Generazio and Don J. Roth of Lewis Re­
search Center and David B. Stang of Sver­
drup Technology, Inc. For further informa· 
tion, Circle 13 on the TSP Request Card. 
LEW-15295 

Fiber-Coupled Acousto-Optical-Filter Spectrometer 
Advantages include compactness, speed, and no moving parts. 

Lyndon B. Johnson Space Center, Houston, Texas 
The spectrometer illustrated schemati­

cally in the figure is based on a tunable 
monochromator in the form of a birefring­
ent acousto-optical filter. Visible or infrared 
light from a hot-wire source (e.g., a light 
bulb) is collimated into the fiber, which is 
a crystal of tellurium dioxide. An acoustic 
wave propagates across the crystal from 
a transducer on one side. The transducer 
is driven at a radio frequency (typically be­
tween 10 and 100 MHz). Part of the colli­
mated infrared light at a wavelength that 
depends on this frequency is diffracted by 
the acousto-optical effect toward a second 
lens and focused into an optical filter of 
zirconium fluoride glass. 

The fiber carries the light to a remote 
sample cell similarly equipped with lenses. 
After passing through the cell, the light 

Acousto-Optical 
Tunable Fi Iter 

travels along another optical fiber to a ther­
moelectrically cooled PbSe photodetector. 
The output of the photodetector is pream­
plified, lock-in-amplified, digitized, then an­
alyzed by a computer. The same computer 
also controls the frequency of the signal 
that drives the transducer. 

The computer can be programmed to 
operate the spectrometer in a scanning 
mode, in which the transducer-driving fre­
quency is stepped in small increments to 
step the wavelength in small increments 
across the spectrum between two speci­
fied wavelengths. Alternatively, the com­
puter can be programmed to command a 
random-access or "hopping" mode, in 
which the transducer-driving frequency is 
shifted abruptly to make the wavelength 
jump through a sequence of specified 

discrete values. This hopping mode would 
be useful in monitoring the variation, with 
time, of the concentrations of several sub­
stances in a sample, the wavelengths in 
the sequence being the wavelengths of 
spectral peaks known to be those of the 
substances of interest. 

The optical·fiber coupling makes it poSSi­
ble to monitor samples in remote, hazard­
ous, or confined locations. The zirconium 
fluoride glass fibers can transmit at wave­
lengths from about 400 nm to 5 Jim In 
comparison with other monochromators, 
the acousto-optical tunable filter is com­
pact and can be scanned rapidly, without 
the use of moving parts. Furthermore, the 
sequence of wavelengths can be chosen 
essentially at will to satisfy specific diag­
nostic requirements. Potential applications 

Sample Celi 

Preamplifier Photodetector 

Radlo­
Frequency 
Mixer 

Lock-in 
Amplifier 

Lens 

Computer 

The Fiber·Coupled Acousto·Optical-Filter Spectrometer can step rapidly through a commanded sequence of wavelengths. The sample 
cell can be located remotely from the monochromator and the associated electronic circuitry, connected to them with optical fibers. 
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for spectrometers of this kind include the 
control of chemical processes, medical di­
agnoses, spectral imaging, and sampling 
of atmospheres. 

This v.ork was done by Kenneth H. Levin 
and Frank Yanan Li of Infrared Fiber Sys­
tems, Inc., for Johnson Space Center. 
For further information, Circle 73 on the 
TSP Request Card. 

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

George Hooley, Director of Finance 
Infrared Fiber Systems, Inc. 
2301-A Broadbirch Drive 
Silver Spring, MD 20904 

Refer to MSC-21859, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Laboratory for 
Telerobotic Repair 
The performances of a robot 
and a human operator 
are measured in specific tasks. 

NASA's Jet Propulsion 
Laboratory, Pasadena, California 

A laboratory telerobotic system can per­
form such complicated tasks as picking 
up tools, removing a thermal blanket, and 
replacing screws. The system is being 
used to perform research and to develop 
telerobotic-repair capabilities equal to 
those of a human operator. 

The interim goal of research on the sys­
tem is to duplicate the tasks that were per­
formed in 1984 by two astronauts, who, 
in the orbiting Space Shuttle, replaced the 
modular attitude-control subsystem and 
the main electronics box on the Solar Max 
Satellite. The research is expected to re­
veal information about suitable tasks for 
teleoperated repairs, developing specific 
task-control policies, training in virtual en­
vironments, and teleoperation of redun­
dant manipulators. 

The telerobotic system comprises two 
parts: a satellite simulator and an assem­
bly of other laboratory equipment. The sim­
ulator consists of a mockup of the Solar 
Max Satellite, an illumination subsystem, 
and the repair tools. The assembly of other 
laboratory equipment (see figure) includes 
the following: 
• A camera-positioning subsystem that now 

The Human Operator in the Control 
Room operates a remnote robot with the 
aid of video monitors, torque and force dis­
plays, and force feedback. 
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supports three (but could support five) 
cameras with control of pan, tilt, zoom, 
focus, and iris; 

• A dual-arm robot with "smart" hands and 
software for force feedback, seNocon­
trol, and collection of data; and 

• A control room that contains force-reflect­
ing hand controllers for teleoperation of 
the manipulators, switches and poten­
tiometers for setting the video parameters 
of the video cameras,Jnonitors that show 
the camera views, a display of forces and 
torques at the wrists and of forces on the 
fingers of the manipulator, a display of the 
simulated effects of the operator's actions 
(to be used when the actual effects are 

Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
is cited ; otherwise they are available from the 
National Technical Information Service. 

Robotic System for 
Greenhouse or Nursery 
About 90 percent of robotic 
cycles are successful. 

A report presents additional information 
about the robotic system described in "Ro­
botic Gripper With Force Control and Op­
tical Sensors" (MFS-28537), NASA Tech 
Briefs, Vol. 16, No.6 (June 1992), page 
76. This system, called the "Flexible Agri­
cultural Robotics Manipulator System" 
(FARMS) seNes as a prototype of robotic 
systems that are intended to enhance the 
productivities of agricultural assembly-line­
type faci lities in large commercial green­
houses and nurseries. 

The system includes a robotic-vision sub­
system that detects a geranium cutting on 
a conveyor belt. The system stops the con­
veyor belt while the vision subsystem de­
termines the poSition and orientation of this 
cutting and other subsystems complete 
the processing of the previous cutting. A 
robotic gripper with force control and op­
tical sensors in its fingers closes in gently 
on the stem of the cutting on the conveyor 
belt and measures its diameter. The grip­
per then (1) picks up the cutting and puts 
it on an electronic balance for weighing; 
(2) transfers the cutting to a trimming sta­
tion, where unwanted leaves are cut off 
and the stem is trimmed to the desired 
length; (3) transfers the cutting to a bend­
measurement sensor, where it is oriented 
for potting; then (4) inserts the cutting in 
a potting tray. The conveyor is then re­
started, and the cycle is repeated with the 
next cutting. 

The operation and design of the system 
are described in this report in somewhat 
more detail than they were in .he prior 
noted article and its supporting documen­
tation. The report contains three sections: 
Section I presents a brief discussion of the 

delayed by transmission time), and a 
video display through which the operator 
can monitor and modify the manipulator­
control parameters. 
To date, the laboratory telerobotic sys­

tem has yielded the first results that quan­
tify and evaluate position control with sen­
sor-based force feedback in repair tasks. 
Previously, feedback and repair tasks had 
been characterized separately. 

This work was done by Paolo Fiorini, 
Antal K. Bejczy, Hari Das, and Haya Zak 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 54 on the TSP Request Card. 
NPO-18637 

motivation for the development of the par­
ticular robotic sytem in the context of the 
economic need to enhance productivity of 
greenhouses and nurseries. Section II pre­
sents some technical details, including de­
scriptions of (1) the tasks to be performed 
by the robotic gripper and the tasks to be 
performed by the rest of the system (called 
the "robotic work cell"); (2) the subsys­
tems and the sequence of operations they 
perform on a cutting during a robotic cy­
cle; (3) the equipment modules of the ro­
botic-gripper subsystem and some engi­
neering considerations that affect their de­
signs; and (4) software for the control of 
the robotic gripper. Section --III reports, 
among other things, that initial tests showed 
that the system does not crush or bruise 
cuttings, that it operates successfully in 
90 percent of robotic cycles, and that al­
though the cycle time of the robot could 
potentially be 1 to 2 seconds, it is length­
ened to 6 to 7 seconds by the slowness 
of operation of the optical sensors. 

This work was done by Paul Gill of 
Marshall Space Flight Center; Jim 
Montgomery, John Silver, and Neil 
Heffelfinger of Martin Marietta Corp.; and 
Ward Simonton and Jim Pease of the 
University of Georgia. To obtain a copy of 
the report, "Flexible Agricultural Robotics 
Manipulator System," Circle 52 on the TSP 
Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center {see page 20]. Refer 
to MFS-28584. 

Is your subscription 
about to expire? 

Check the expire date. If it 
is less than 6 months now 
is the time to fill out a new 
qualification form before 
your subscription expires. 
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• Physical Sciences 

Predicting Failure Behaviors of Thermoset Polymers 
Useful predictions can be made from measurements on test-tube quantities. 

Lewis Research Center, Cleveland, Ohio 
A mathematical model for the viscoelas· 

tic failure behavior of an epoxy or other ther­
moset polymer can reduce considerably the 
time and expense necessary to evaluate a 
new polymer (see figure). Heretofore, to eval­
uate the behavior of a new polymer even 
partially, it has been necessary to prepare 
a quantity of the order of 10 Ib (4.5 kg) and 
to subject the material to an extensive series 
of tests. By use of the new mathematical 
model, one can quickly obtain first-order 
estimates of the viscoelastic properties and, 
thereby, decide more easily whether the ma­
terial should be rejected or is a good can­
didate for more thorough evaluation. The on­
ly properties required by the model are the 
equilibrium pressure vs. volume vs. temper­
ature (PVT) response and the linear viscoe­
lastic shear and bulk moduli - properties 
that can be determined quickly from exper­
iments on test-tube quantities. 

Because the mathematical model is based 
partly on the underlying molecular deforma­
tion mechanisms, it accounts for the effects 
of different chemical compositions, densi­
ties of molecular cross-links, functionalities 
of curing agents, and the like on the non­
linear stress-vs.-strain response. The model, 
which contains no adjustable parameters, 
has the form of a constitutive equation that 
describes (1) the nonlinear viscoelastic be­
havior, including yield, when the polymer 
is in the solid state; (2) the glass-transition 
phenomenon; and (3) the non-Newtonian 
flow behavior of the polymer melt. In the 
most general form of the model, the viscoe­
lastic dissipation is represented as occur­
ring on a material time scale that is con­
trolled by the nonequilibrium entropy. This 
time scale incorporates the fact that on the 
molecular level, the rate of viscoelastic re­
laxation changes with the thermodynamic 
state of the polymer (Le., temperature, pres­
sure, and specific volume). 

The complete model is complicated but 
can be simplified to one of three limiting 
forms, depending on the specific phenom­
ena to be included or excluded. For iso­
thermal deformations in the solid, the model 
becomes an equation for the history of the 
stress response as a function of the histories 
of the displacement, viscoelastic shear and 
bulk moduli, pressure, volume, and tem­
perature. For temperatures in the glass-
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The Evaluation of a New Polymer can be speeded considerably by adopting a procedure based 
on the new mathematical model of viscoelastic failure behavior. 

transition region, the model becomes an 
equation for the history of pressure as a 
function of the equilibrium pressure, the 
volume, and the histories of the strains and 
the bulk modulus. The model can also be 
simplified somewhat to describe the non­
Newtonian flow of an un-cross-linked poly­
mer meit. 

The model has led tei the development 
of a novel procedure for the extraction of 
the linear viscoelastic shear response when, 
as in many epoxies, there are multiple relax­
ation mechanisms. The procedure is based 
on the assumption that there are two such 
mechanisms: one that prevails at tempera­
tures near that of the glass-to-rubber tran­
sition and another that prevails at lower tem­
peratures. The viscoelastic response is taken 
to be a linear combination of the response of 
the two mechanisms and is analyzed by 

spectral-decomposition techniques. The 
model has been tested against some ex­
perimental data. It was found to predict fairly 
accurately the stress-vs.-strain response of 
an epoxy tensile specimen. It also proved 
fairly accurate in predicting the volume-vs.­
temperature response and glass-transition 
temperature of poly(vinyl acetate). 

This 'MJrk WclS done by Kenneth J. Ba.vles 
of Lewis Research Center and James M. 
Caruthers of Purdue University. Further in­
formation may be found in NASI.\ TM-4128 
[N89-25300], '1\ Predictive Model for Failure 
Properties of Thermoset Resins." 

Copies may be purchased [prepayment 
required] from the National Technicallnfor­
mation Service, Springfield, Virginia 22161, 
Telephone No. (703) 487-4650. Rush orders 
may be placed for an extra fee by ca/ling 
(800) 336-4700. LEW-15049 
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o Invert waveform in both channels. 
o 30n range, 0.01 n resolution; 

improved counter resolution. 
-95, 97 only 

Goes Wherever You Go. 
o Intuitive front panel, function keys, pop-up menus. 

o Runs on NiCad Batteries, standard C-cells or 
included line voltage adapter/charger. 

o Adjustable tilt-stand, hanger. 
o Compatible with a wide range of Fluke 

multimeter accessories. 
C1992 John fluke Mig Co , Inc . Ad No 00296 
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Multiw8velength Pyrometry To Correct for Reflections 
Computerized curve fitting yields more and better information on thermal radiation . 

LEwis Research Center, Cleveland, Ohio 
Multiwavelength pyrometry is a com­

bination of experimental techniques, theo­
retical concepts, and data processing that 
yields more and better information about 
specimens and the thermal radiation from 
them than do the older methods of one­
and two-color pyrometry. Unlike one-color 
Pfl"ometry, multiwavelength Pfl"ometry does 
not require prior knowledge of the emis­
sivity of the specimen. Unlike two-color py­
rometry, it does not depend on the assumrr 
tion that the specimen is gray (that its 

. emissivity is the same at all wavelengths). 
Unlike both older methods, rnultiwavelength 
pyrometry provides corrections for reflec­
tions, from the specimen, of thermal radia­
tion emitted by a source other than the 
specimen: for example, one can correct 
for reflected radiation that originates at a 
lamp used to heat the specimen. 

The figure schematically illustrates a 
typical experimental setup for multiwave­
length Pfl"ometry. Thermal radiation Sl from 
a heat lamp, the spectrum of which is 
known, impinges on the specimen, and 
some of it is absorbed, heating the speci­
men. The heated specimen emits thermal 
radiation S2' The part of Sl that is not ab­
sorbed is reflected, thereby adding S3 to 
the total radiation coming out of the speci­
men toward the pyrometer. During some 
of the measurements, an auxiliary source 
emits radiation So' the spectrum of which 
is also known. Some of So is reflected, 
giving rise to S4' Thus, the total radiation 
coming out of the specimen toward the 
pyrometer during these measurements 
is S2+S3+S4' 

The pyrometer is a spectral radiometer. 
It measures the total spectrum S2 + S3 + 
S4 while the auxiliary source is on; then 
it measures the total spectrum S2 + S3 
while the auxiliary source is off. The spec­
trum of S4 is computed by subtracting the 
second total spectrum from the first total 
spectrum. Then the spectral reflectivity of 
the specimen is computed to within a mul­
tiplication constant, f, as the ratio z(h) be­
tween the intensities of S4 and So at each 
wavelength, A. 

The total radiation S2 +S3 coming into 
the pyrometer from the specimen in the 
absence of the auxiliary source can then 
be modeled as follows: The spectrum of 
S3 is the spectrum of Sl modified by the 
spectral reflectivity, z(h)/f, of the specimen 
and multiplied by another constant, g; the 
spectrum of S2 is that given by the Planck 
radiation law for the temperature, T, and 
the spectral emissivity E(h) = 1 - z(h)/ f. A 
nonlinear least-squares computer program 
is used to determine the unknowns f, g, 
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EXAMPLE OF MEASURED AND COMPUTED EMISSION SPECTRA 
OF A SPECIMEN OF SILICON CARBIDE 

Multiwavelength Pyrometry involves measurements of the spectrum of thermal radiation 
emitted by and reflected from the specimen. The auxiliary source enables determination 
of the spectral reflectance of the specimen. The spectral reflectance and temperature 
of the specimen are obtained from spectral measurements by a nonlinear least-squares 
curve-fitting routine. 

and T by searching for a best fit between 
the measured spectrum and the spectrum 
computed from the model. The net result 
is that one has determined not only the 
temperature but also the spectral reflec­
tivity (and, equivalently, the spectral emis­
sivity) of the specimen. 

This work was done by Daniel Ng of 
lewis Research Center. To obtain a sum­
mary of this work, Circle 33 on the TSP 
Request Card. Further information may be 
found in 
NASA TM-102578 [NOO23714]. "Multiwave­
length Pyrometry to Correct for Reflected 

Radiation," 
NASA TM-10528 [N92-24881]. "Multiwave­
length Pyrometry for Nongray &x:fies," and 
NASA TM-105286[N92-19107]. "Multiwave­
length Pyrometry for Nongray Surfaces in 
the Presence of Interfering Radiation." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
LEW-15146 
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STATGRAPIDCS Plus. For People Who Made 
It Through Statistics With Their Eyes Closed. 

Whether you aced statistics in 
your sleep, or just plain slept, you'll 
find STATGRAPlllCS Plus is a soft­
ware dream come true: more than 
250 menu-driven procedures, eye­
popping graphics, and full support 
for the power and capacity of your 
386/486 PC. No wonder Software 
Digest rated us number one for ease 
of use and learning. 

How easy? This easy. 
No matter how much-or how 

little-you know about statistics, 
STATGRAPlllCS Plus does the work 
for you. Calculating precisely the 
solutions you need, from sales fore­
casts to assembly-line analyses to 
cancer research studies. And then 
displaying the results in stunning 
graphics that let you see the answer. 
With simple, point-and-click menus 

and a powerful graphics editor that 
makes generating presentation-quality 
results a cinch. 

What you don't know, 
STATGRAPIDCS Plus does. 

Even if you've forgotten some-or 
all-ofyourstatistics, STATGRAPlllCS 
Plus remembers: Regression analysis. 
ANOVA Quality control. Experimental 

design. Multivariate and time series 
procedures. Lifetime data analysis. 
And compatibility with your existing 
database, spreadsheet, and ASCII 
files. There's much, much more, too, 
including award-winning documenta­
tion, on-line help and telephone 
support. 

But seeing is believing: call us 
today for more information. And 
witness the power of STATGRAPlllCS 
Plus with your own eyes. It's the 
perfect tool for people that know their 
statistics. And for people who don't. 

STATGRAPHICS® Plus 
In Maryland, 301-984-5123. 
Outside the U.S., 301-984-5412. 

(800) 592-0050, Ext.450 
Manugistics, Inc., 2115 East Jefferson St., Rockville, MD 20852. STATGRAPIUCS is a registered trademark of Statistical GraphiCS Corporation. Evaluation © Software 
Digest Ratings Report, Vol. 8, No.5 issue covering statistics programs. STATGRAPHICS Plus nUlS on 386, 386SX, and 486 computers with at least 4 MB of RAM and a 
graphiCS card. Version for 2861640K machines also available. © 1993 Manugistics, Inc. Authorized international dealers: Australia (03) 866 1766, United Kingdom (0753) 
831451, France (01) 45-27-2~l, Germany (069) 80053-0/(0212) 339099, Italy (02) 29404830, Spain (01) 341.535.0125, Sweden (0) 317760121, Netherlands (03402) 66336. 
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Smaller, Lighter Magnetic Sector for Mass Spectrometer 
Miniaturization enables the development of a portable 
gas-chromatographic/mass spectrometric apparatus. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A miniature, lightweight focal-plane mag­

netic sector of a mass spectrometer (Mat­
tauch-Herzog type) has been developed. 
The magnetic sector shown in the figure 
makes an integral part of a portable gas­
chromatograph/mass spectrometer (GC/ 
MS) being developed at NASA's Jet Pro­
pulsion Laboratory. The focal plane covers 
a nominal range of 40 to 240 atomic mass 
units for HeV ion energy. When fully de­
veloped, the GC/MS sy,stem would be 
operable for analyzing pollutants in field 
environments. 

Heretofore, the development of a porta­
ble GC/MS system has been hindered by 
the size, weight, and power consumption 
of the mass spectrometer and the pump­
ing system necessary to maintain the vac­
uum. These obstacles have been over­
come by using the new miniature mag­
netic sector for the MS, and a microbore 
capillary column (- 50 JlIn Ld.) for the GC. 
The microbore capillary column requires 
a carrier gas rate of 0.02 to 0.05 atm cm3 

min -1, which is 50 to 100 times less than 
the flow rate used in a commercial GC. 
The low flow rate reduces the size, weight, 
and power of the required pumping system. 

Housing (Contains Pump 
Pole Pieces) Port 

However, the peaks emerging from a mi­
crobore GC column are narrow and close­
ly spaced, necessitating a high rate of mass­
spectrometer data acquisition. A scanning 
mass spectrometer commonly used in a 
GC/MS instrument, is limited in speed for 
the measurement of such GC peaks. A 
mass spectrograph (nonscanning) because 
of its simultaneous measurement of ion in­
tensities of all masses, can obtain mass 
spectra from such narrow and closely 
spaced GC peaks. In addition, a mass 
spectrograph possesses a 1(X)-percent duty 
cycle for signal measurement and, there­
fore, has a lower detection limit for the 
analyte compared to that of a scanning 
MS, which measures <1 percent of the 
ion signal. Although eminently suited for 
direct combination with a microbore col­
umn, focal plane mass spectrometers are 
generally heavier due to the weight of the 
magnet assembly, i.e., magnet, yoke, and 
the pole pieces. For the development of 
a portable GC/MS, the magnetic sector 
assembly has been miniaturized and its 
weight reduced by utilizing efficient mag­
net and yoke materials and by making im­
provements in its design. 

The Miniature, Lightweight Magnetic Sector is part of the prototype of a new generation 
of portable GC/MS instruments. The scale is in inches. 

The miniature, lightweight magnetic sec­
tor weighs <10 kg, about % that of an 
earlier design utilizing Alnico 5-VII for mag­
net and cold-rolled steel for yoke materials. 
The magnetic components were made 
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lighter and smaller by use of two advanced 
materials. The permanent magnet was fa­
bricated from a high-energy product (maxi­
mum 35 MGo()e) Nd/B/Fe alloy. The mass 
of a comparable magnet made of Alnico 
5-VII would be 2.3 times that of the new 
magnet. The yoke material, a V/Co/Fe al­
loy, possesses higher permeability (2kG/ 
Oe at a magnetomotive force of 10 Oe) 
than cold-rolled steel (1.25 kG/Oe) used 
previously. The pole pieces were tapered 
sharply to reduce their mass and increase 
the magnetic field strength in the magnet 
gap. The combined use of the new magnet 
and the yoke material, along with the de­
sign changes in the pole pieces, reduced 

the size and mass of the magnet assembly 
and, consequently, that of the overall focal 
plane mass spectrometer. This, in conjunc­
tion with the reduced pumping require­
ment due to the use of the microbore GC 
column, has demonstrated the practicali­
tyof a high performance portable GC/MS 
instrument. 

This work was done by Mahadeva P. 
Sinha of Caltech and Albert D. Tomassian 
of Rockwell International Corp. for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle '27 on the TSP Request 
Card. 
NPO-18601 
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Device for Perception of Polarization 
A polarized image viewed through a rotating polarizing filter appears to pulsate. 

Lyndon B. Johnson Space Center, Houston, Texas 
An optical device enables a human ob­

server to perceive the polarization of light. 
The device can be used alone for viewing 
in real time and/or in conjunction with a 
video or movie camera to record for subse­
quent detailed quantitative analysis of po­
larization in the scene. The device can be 
used in remote sensing to classify portions 
of scenes according to polarization char­
acteristics, to enhance viewing through 
the atmosphere and oceans, and to en­
hance contrasts. It has been used to mon­
itor an oilspill from the air and might be 
used to detect changes in soil moisture 
and to map wetlands, among many other 
possible civilian and military applications. 

The polarization-perception device (see 
figure) consists of a polarizing filter, a drive 
mechanism that rotates the filter, a power 
supply, and a mount. The rotation of the 
filter causes the brightness of an image 
in polarized light to pulsate. The device can 
be used in conjunction with spectral filters 
to isolate bands of the spectrum of interest 

to specific disciplines. 
When the device is used in synchro­

nism with a recording video or film cam­
era, one can subsequently determine the 
angle of the polarization by correlating the 
phase of the fluctuation with the angle of 
the polarization axis in the rotating filter. 
The accuracy of this correlation is a func­
tion of the speed of rotation of the polariz­
ing filter. For this and other scientific pur­
poses, the fluctuating images can be 
digitized and processed in an objective 
manner. 

This work was done by Victor S. 
Whitehead of Johnson Space Center 
and Kinsel Coulson. For further informa­
tion, Circle 49 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 develof> 
ment should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
20}. Refer to MSC-21915. 

This Polarization·Perception Device enables 
an observer to identify surfaces that reflect 
polarized light. 

Electromechanical Apparatus Measures Residual Stress 
A nondestructive test exploits the relationship between stress and eddy-current-probe resistance. 

Goddard Space Flight Center, Greenbelt, Maryland 
The apparatus shown schematically in 

Figure 1 yields data on the residual stress 
or strain in a metal tension/compression 
specimen (the stress or strain that remains 
in the specimen when no stress is applied 
from without). The apparatus is an assem­
bly of commercial equipment: a tension-or­
compression testing machine, an eddy-cur­
rent probe, an impedance gain-and-phase 
analyzer that measures the impedance of 
the probe coil , and a desktop computer, 
which controls the other equipment and 
processes the data that it receives from 
the impedance gain-and-phase analyzer. 

The apparatus is used to perform a non­
destructive test based on the discovery 
that when an eddy-current probe is excited 
at a suitable frequency and placed on a 
metal specimen that is being stretched or 
squeezed, the electrical resistance and 
reactance of the probe coil increase mon­
otonically with the magnitude (regardless 
of direction) of the total (residual + applied) 
stress in the specimen. To determine the 
residual stress, it is necessary to measure 
the impedance of the probe coil over a 
range of applied tensile and compressive 
stresses that include at least the point of 
zero applied stress and the applied stress 
at which the resistance of the probe coil 
is a minimum. 
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Figure 1. The Resistance of the Eddy·Current·Probe Coll iS measured as a function of 
the tension or compression applied to the specimen by the testing machine. 

The interpretation of the data from a test 
is straightforward, as shown in Figure 2 
for a nickel-200 specimen. If the minimum 
resistance does not occur at the point of 
zero applied stress, then there must be 
residual stress in the specimen. The mini­
mum resistance occurs at the applied 
stress that cancels the residual stress. In 
this case, the minimum resistance occurs 

at an applied tensile stress of 0.07 X 10-3. 

Thus, the residual stress in the nickel-200 
specimen is a compressional stress of 
13.2 MPa based on the stress-strain curve 
of nickel·200. 

This work was done by Engmin J. Chern 
and Yury Flom of Goddard Space Flight 
Center. For further information, Circle 29 
on the TSP Request Card. 
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Now meet 
therestof 

the JandeI 
family. 

Jandel Scientific offers a full line of 
software tools to enhance and 

improve the quality of your 
research. As with SigmaPlot,]andel 

Scientific stands behind all of its 
products with one of the strongest 

technical support teams in the 
industry, extensive documentation, 

and a 90 day money-back 
guarantee. Call us today for a FREE 

brochure on any of our products. 

For information or orders call 

800-874-1888 
(toll-free in the u.s.) 

2591 Kerner Blvd. San Rafael, CA 94901 
800-874-1888 (toll-free in U.s.) 

415-453-6700 FAX: 415-453-7769 

In Europe: Schimmelbuschstr. 25 
4006 Erkrath Germany 

+2104 / 36098 FAX +2104133110 

You Know 
SigmaPlat: 
Scientific Graphing Software 

•• 
Unlike business graphics packages, SigmaPlot offers an extensive 
range of true scientific features including automatic error bars, huge 
dataset handling, axis breaks, confidence intervals, non-linear curve 
fitting and more. With extensive scientific features, advanced data 
analysis and extraordinary desktop control, SigmaPlot is simply your 
best choice for publishing and presenting your research data. Over 
35,000 scientists around the world depend on SigmaPlot to analyze, 
graph and publish their data. Join the leaders! DOS, Mac 

DOS Information No. 350 Mac Information No. 351 

SigmaStatr
" 

Statistical Software 
You don't have to be a statistician to use SigmaStat! 
SigmaStat helps select procedures, check assump­
tions and even handles missing data. Procedures 
include t-tests, ANOYA, rates and proportions, 
nonparametric methods, regression and more. DOS 

For More Information Circle No. 352 

Tab/erurve'" 
Automated Curve Fitting Software 
TableCurvefits and ranks over 3,300 equations to 
your x-y dataset in one highly automated step! 
Select ranking criteria, smooth data, view graphs 
and more. A truly automated solution for the time 
consuming task of curve fitting. DOS, Windows 

DOS No. 353 Windows No. 357 

PeskFic" 
Chromatography/Spectroscopy AnalysiS Software 

Using sophisticated non-linear curve fitting tech­
niques, PeakFit accurately separates, quantifies and 
analyzes peaks in unresolved peak data. Analysis 
includes peak information, parameter values, fit 
statistics and more. DOS 

For More Information Circle No. 354 

Machan< 
Image Analysis Software 

Mocha brings powerful color and monochrome 
image analysis capabilities to the Pc. A fully inte­
grated solution, Mocha oITers image processing, 
measurement, annotation, data analysis, and plot­
ting capabilities in an easy-to-use Windows envi­
ronment. For More information Circle No. 355 Windows 

SigmaScsnT>f 
Sdentific Measurement Software 
No more planimeters, rulers and calculators! With 
SigmaScan and a digitizing tablet, you can digitize, 
measure and analyze strip-charts, X-rays, maps and 
other research material. Measure and analyze areas, 
angles, perimeters, lengths and more. SigrnaScan 
saves hours over manual measurements. DOS 
For More Information Circle No. 356 



This invention is owned by NASA, and 
a patent application has been filed. In· 
quiries concerning nonexclusive or ex­
clusive license for its commercial develoff 
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
[see page20). Refer to GSC-13451. 
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Figure 2. These normalized Resistance­
vs.-Stress Data were acquired by testing 
a specimen of nickel in an apparatus like 
that of Figure 1. 
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Noninvasive Optical Probe of Ferroelectric Films 
This nondestructive diagnostic technique would yield high-spatial-
resolution information on the distribution of polarization domains. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Thin films of ferroelectric materials (e.g., 

lead zirconate titanate) would be probed 
by a near-field, noninvasive mapping of the 
photoresponse from the film to obtain high· 
spatial·resolution information on the dis· 
tribution of polarization domains within the 
film. Thin films of ferroelectric materials 
are leading candidates for use in nonvola­
tile electronic memories. At present, to ob­
tain information regarding the polarization­
domain distribution, the specimens of these 
materials are examined by transmission 
electron microscopy (rEM). This TEM study 
involves destructive sample·preparation 
techniques that may perturb the ferroelec­
tric properties, thereby leading to distorted 
evaluations. The near·field photoresponse· 
mapping technique proposed herein offers 
a potential noninvasive technique for 

evaluation of the films to study the polar­
ization domains at a submicron resolution 
level. 

When a ferroelectric material is illumi· 
nated with photons, two broad classes of 
mechanisms could be triggered, depending 
on the wavelength of the photon, intensity 
of illumination, and the device configura· 
tion utilized. These are the photocarrier­
generated electronic effects such as pho· 
tovoltaic, photoconductive, localized elec­
tronic transitions or space·charge effects; 
and the thermally triggered pyroelectric or 
piezoelectric effects. If the illumination wave­
length is more energetic than the gap be­
tween the valence and conduction elec­
tron energy bands (the bandgap .)f the 
material) and not intense enough to heat 
the specimen, then the transient photocur-

I Laser H====o=,p""tic=a=1 F=ib=er===~--it­
Focusing 

Digital Oplics 
Oscilloscope 

Dala·Acquisition 
Unit, and Computer 

x-
SIMULATED EXAMPLE OF SUBMICRON-RESOLUTION 

MAP GENERATED FROM PHOTO RESPONSE DATA 

The Photoresponse Technique would yield data on the microscopic structure of electric 
fields in that ferroelectric material, without disturbing the structure. 
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rent at the onset of the illumination is pri­
marily due to the space-charge effects. 
However, if the incident beam is intense 
enough to heat the speCimen locally and 
is also at a wavelength less energetic than 
the bandgap, then predominantly the pyro­
electric/piezoelectric-current response is 
obseNed. This response is distinctly po­
larization-direction-dependent and can 
seNe as an indicator of internal polariza­
tion distribution across the film if a local­
ized beam spot can be used. Thereby, 
such photon-beam-induced current is con­
ceived as a noninvasive diagnostic tool for 
evaluating ferroelectric thin films at the 
submicron resolution level in terms of their 
polarization-domain distribution. To achieve 
the submicron resolution, the near-field il­
lumination from a localized optical probe 
such as the subwavelength apert· Ire of an 
optical fiber (inner diameter ~100 A) could 
be utilized. 

The specimen would be mounted on a 
translation stage, which would operate un­
der computer control to scan the submi­
cron spot of light across the surface of the 
speCimen (see figure). The photoresponse 
of the specimen would be recorded as the 
function of the position. The photocurrent­
versus-position data would then be decon­
volved from the applicable point-spread or 
instrument-response function to obtain a 
submicron-Ievel map of the internal dis­
tribution of the polarization domains in the 
ferroelectric thi· '" 1m. 

This work was done by Sarita Thakoor 
of Caltech for NASA's Jet PropulSion 
Laboratory. For further information, Cir­
cle 18 on the TSP Request Card. 
NPO-18549 

NASA Tech Briefs, May 1993 



MGA has paired our Advanced 
Continuou imulation Language (ACSL) 

with our Graphic Modeller block 

diagram, graphical front-end. And the 

results are nothing to sneeze at. 

ACSL/Graphic Modeller brings true 

graphic modelling to simulation. It 

presents an alternative to complex code, 

becau e it lets you build a model visually 

through block diagrams. 

Our simulation 
experts have 
discovered 

the cure for the 
common code. 

programs simply can't match. It lets 

you qUickly and easily create and 

modify your own blocks, as well as 

modify existing code and blocks. You 

can choose to u e code, block 

diagrams or both, depending on your 

application. 

The software's block diagrams can be 

easily reused. It supports unlimited 

ince 1975, MGA ha been the leader in imulation software. Our 

ACSL software is the indu try standard. It provides you with the 

power to imulate all complex, non-linear, continuous, discrete and 

hybrid y tern , faster and with better results than other simulation 

oftware. 

Now AC L/Graphic Modeller takes you to the next level of 

simulation power. By freeing you from burden orne programming 

details, it expands your productivity and creativity. 

ACSLlGraphic Modeller provides you with the flexibility that other 

hierarchical modelling - both bottom 

up and top down. It incorporates all 

the features of a modem drawing package for more control over 

your diagram's appearance. 

We're inviting qualified companies to experience these and the 

many other unique benefits of AC LlGraphic Modeller by trying it 

for one month, ab olutely free. 

If you'd like to take advantage of our free trial offer, give us a 

call at 1-800-647-ACSL or FAX us at 1-508-369-0013. We're 

confident that our true graphic modelling will have you feeling 

better in no time. 

MitcheD and Gauthier 
Associates . Inc. 

For More Information Circle No. 496 The only real choice for simulations. 



Self-Amplified Optical Pattern Recognizer 
The recognition signal is amplified within a photorefractive filter. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
r-------~----~--~------------------------------------~ 

Self-amplified optical pattern recogni­
zers are being developed for use in recog­
nition of patterns, in optical computing, 
and in optoelectronic neural networks. In 
a self-amplified optical pattern recognizer, 
a photorefractive crystal (one that exhibits 
a nonlinear electro-optical effect) serves as 
the medium in which one holographically 
records the diffraction-grating filter that rep­
resents the pattern with which recognition 
is sought. The apparatus is said to be "self­
amplified" because the signal is amplified 
within the filter to many orders of magni­
tude greater than in prior optical pattern 
recognizers. 

The figure illustrates schematically an 
experimental self-amplifying optical pattern 
recognizer. A collimated beam of suitable 
polarization is split into a signal beam and 
a reference beam. The signal beam pass­
es through a transparency that contains 
the image in question. A lens then focuses 
this beam onto a spot on the face of a 
crystal of Bali03 (which is photorefrac­
tive), thereby forming Fraunhofer diffrac­
tion of the image. 

In the recording mode, a reference beam 
strikes the photorefractor crystal at an an­
gie different from that of the signal beam, 
thereby photorefractively forming the com­
plicated holographic diffraction-grating fil­
ter that represents the image. The geo-· 
metrical and optical parameters of the 
apparatus in the recording mode are 
chosen so that in subsequent operation 
in the addressing mode, optical energy will 
be coupled strongly (if there is a recogni­
tion) from the signal beam to the output 
recognition-indicating beam via two-wave 
mixing. 

In the addressing mode, the reference 
beam is blocked, and the signal beam 
passes through an image that mayor may 
not be the same as the one represented 
in the filter. The strength of the output sig­
nal is then indicative of the degree of simi­
larity between the two images. 

In this Experimental Self-Amplified Optical Pattern Recognizer, a diffraction filter that 
represents input image 1, with which recognition is sought, is recorded holographically in a 
BaTi03 crystal. The degree of similarity between input images 1 and 2 is then indicated by 
the amount of light transferred from the signal beam to the output beam by two-wave mix­
ing in the crystal. 

Because of the amplification available, 
an apparatus of this kind can be made sen­
sitive to very weak signals, and the con­
ceptual design can be extended to include 
many channels with the same laser input 
power. An advanced compact optical pat­
tern recognizer might include many chan­
nels fed by microlasers. Various response 
times, sensitivities, wavelengths, and spa­
tial frequencies can be selected by ap­
propriate choices of photorefractive ma­
terials and parameters of two-wave-mixing 
schemes. Spatial light modulators (e.g., mi­
crochannel-plate and liquid-crystal televi­
sion devices) could be incorporated to pro­
vide for rapid updating of filters. The basic 
principle of operation is applicable to many 
types of correlation filters, including (but 
not limited to) Vander Lugt matched filters, 

joint-transform filters, and phase-only filters. 
This 'Nark was done by Hua-Kuang Liu 

of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 101 on the TSP Request Card. 

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

Edward Ansell 
Director of Patents and Licensing 
Mail Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-18009, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Apparatus Measures Seebeck Coefficient and Resistivity 
Electrical measurements are made by four point probes, two of which double as temperature probes. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A laboratory apparatus measures both 

the Seebeck coefficients and the electrical 
resistivities of candidate thermoelectric 
materials at temperatures from ambient to 
1,300 K. Heretofore, the Seebeck and re­
sistivity measurements were taken in sep­
arate apparatuses. But some candidate 
materials - especially Si!Ge alloys - are 
subject to precipitation of dopants at high 
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temperatures, with consequent hysteretic 
distortion of the two thermoelectric meas­
urements. This apparatus makes it possi­
ble to take both measurements alternately 
and in rapid succession during the same 
heating cycle, therebj rErl.lcing the distortion. 

The apparatus includes a furnace, which 
heats a rod sample of thermoelectric ma­
terial to the prescribed measurement tem-

perature. Two fused-quartz light pipes of 
V2-in. (13-mm) diameter are spring-loaded 
against the ends of the sample and thus 
hold the sample in place (see figure). ther­
mal radiation from two lamps outside the 
furnace is coupled via the light pipes to 
the ends of the specimen. By turning on 
one lamp or by applying more power to 
one lamp than to the other, one creates 
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There are megabytes of reasons 
you need a powerful data-analysis tool. 
Or maybe gigabytes. Or maybe more. 
Which i why you need BBN/ Probe'M 
software. 

Do you have time for time-series data? 

Let's face it. No one wants to spend weeks 
or months formatting complex time-series data. 
But the graphical analysis tools you're using now 
probably aren't robust enough to handle the data 
generated by high-end telemetry, avionics, simula­
tion, process monitoring, or other high-volume 
data-generating applications. 

And who gets stuck with the job? You. When 
all you really wanted to do was reduce and analyze 
your data, you're writing tons of code to reformat 
it for that flashy analysis software you bought. 
Doing its work to the tune of thou and of your 
precious hour . 

',:ril 
BBN SYSTEMS AND TECHNOLOGIES 
A Divi ion of Bolt Beranek and ewman Inc., 10 Moulton treet, 
Cambridge, MA 02138 (617) 7~2120 ( 00) 47-7623 
B8N . Probt! III tndt'mark of Boll Bm.ntk and NMnan tnc. and aD otMr products 1ft' the:" property of their mp«tivt 0WJl('f1 

We do the work, you have the fun. 

BBN/ Probe changes all that. It 
handles the tedious, painful 

formatting automati­
cally. It slashes 

through the biggest, most difficult jobs you have. 
No matter what your data looks like. 

Only BBN/ Probe accesses your data directly, 
so you can focus on your analysis, not your analysi 
software. Which is all you really wanted to do in the 
first place, remember? 

Data analysis software that's visibly better. 

BBN/ Probe offers the most powerful graphics 
and analysis environment you can get for accessing 
and analyzing raw, time-sampled data from multiple 
sources, even in real time. 

Not only is it powerful enough to handle all 
the grunt work on the front end, BBN/ Probe also 
shows you, in graphic terms, what all that data 
means. Plu it automates your analy i tasks and 
cranks out standard reports in a jifry. 

Act now to get this special low price! 

Until June 15th, we're offering users of 
Sun™/Solaris® 2.1, Hp®-UX and 
Silicon Graphics®/IRIXTM 38% off 
our regular price. We've always 
made powerful data analysis easy, 
and now we're making it more affordable. 
So let's cut to the chase. Call about BBN/ Probe 
today. You'll be glad you did. 

Act now and save 38%! 
Call1-800-84-PROBE today. 

For More Information Circle No. 692 
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Made painless. 

When you need a simple solution to 
IEEE488.2 control, the HP 82335B PC 
HP-IB card gives you fast relief. It makes 
programming easier with powerful com­
mands (HP-type calls). It helps you get 
started quickly with comprehensive 
prograhuning examples. And it includes 
standard features that take the frustra­
tion out of system development Like a 
definitive set of common sense commands. 
Support for all the most popular languages. 
Automatic software installation and full 
IEEE488.2 and SCPI compatibility. 

You get all these advantages, from the 
company that invented HP-IB. So why 
settle for anything less. 

..... To order, call HP DIRECT 
liM 1-800-452-4844, Ext.7379. 

A sixty day, money-back guarantee is 
included. All you need is a company 
purchase order or 
credit card. 

- In Canada calIl.aoo-aB7-3154 

There is a better way. 

rli~ HEWLETT 
~a PACKARD 

0 1992 Hewl.u,Packant Co. TMMSOI20AINTB 

For More Information Circle No. 606 

a longitudinal gradient of temperature in the specimen for 
use in measuring the Seebeck coefficient: 

Seebeck coefficient = 
open-clrcu~ voltage between ends of sample 

difference between temperatures at ends of sample 

Nb and W wires are joined into thermocouples, one of 
which is embedded in the end of each light pipe, with the Nb 
in contact with the sample. (The thermocouples are shielded 
from the radiation in the light pipe.) Because the Seebeck 
voltage of Nb is negligible, the Nb wires can be regarded as 
providing direct access to the Seebeck voltage between the 
ends of the sample. Simultaneously, the Seebeck voltage of 
the NblW thermocouple combinations are directly indicative 
of the temperatures at the ends of the sample. These mea­
surements are extracted by means of the differential-amplifi­
er network shown in the middle of the figure. 

The electrical resistivity is measured straightforwardly 
by a four-probe method. For this purpose, two point-contact 
voltage probes are pressed against the side of the sample, 
separated lengthwise by 0.25 in. (6.35 mm) . The voltage 
between these probes is measured while a current of 100 to 
200 rnA is appl ied to the sample via the end thermocouple 
(point) contacts. The electrical resistance and resistivity of 
the sample are then calculated in the usual way from the 
ratio between the voltage and current, with a correction fac­
tor that accounts for the effect of the point-contact configura­
tion on the distribution of electric potential and current in the 
specimen. In this calculation, the voltage reading might also 
have to be corrected for a small Seebeck voltage generated 
by a small residual gradient of temperature along the sample. 

This work was done by Leslie D. Zoltan, Charles 
Wood, Jean-Pierre Fleurial, and Yixin Liu of Caltech for 
NASA's Jet Propulsion Laboratory. For further informa­
tion, Circle 91 on the TSP Request Card. NPO-1B422. 

To External 

:Zt~ 

W Wire Nb Wire 

Furnace 

Nb Voltage 
Probes 

Nb Wires to 
Voltmeter 

Nb Wire } To External 
W Wire Circuitry 

SAMPLE MOUNTED WITH PROBES: SIMPUFIED VIEW 

Thermocouples 

X·Axls Signal 
Proportional 
to Difference >----. Between 
Temperatures 
at Ends of 

W Sample 

W 

SIMPLIFIED EQUIVALENT CIRCUIT FOR 
MEASUREMENT OF SEEBECK COEFFICIENT 

FOUR-PROBE MEASUREMENT OF RESISTIVITY 

The Sample Is Probed at Four Points: The end probes yield 
measurements of Seebeck voltage and temperature difference and 
serve as current contacts for resistivity measurements. The side 
probes yield voltage for the resistivity measurements. 
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Probe for Measuring Dynamic Gas 
Temperature in Reversing Flows 
The temperature of the gas can be deduced from outputs of three thermocouples. 
Lewis Research Center, Cleveland, Ohio 

In a proposed technique for determin­
ing the time-varying temperature of a flow­
ing gas, the raw measurements of three 
thermocouples of different sizes would be 
processed by relatively simple data-reduc­
tion software. The three-thermocouple tech­
nique was conceived to overcome an 
important limitation of the single-thermo­
couple technique; namely, that it cannot 
yield an accurate value of temperature in 
a reversing flow because (1) unless the 
characteristic time for the transfer of heat 
between the thermocouple and the gas re­
mains constant at a known value, there is 
no way to infer the temperature of the gas 
if the thermocouple reading varies with 
time, (2) this characteristic time varies 
significantly in the neighborhood of zero 
velocity, and (3) velocity goes to zero in 
reversing flow. 

The characteristic time is not assumed 
to be constant in the proposed technique. 
Instead, the reciprocal of the characteristic 
time is calculated by use of a Nusselt­
number heat-transfer equation in which the 
Nusselt number is assumed to equal a 
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constant plus a term proportional to the 
square root of the Reynolds number based 
on the diameter of the thermocouple. 
When the equation for the Reynolds num­
ber (including the terms that express the 
effects of velocity and the properties of the 
gas) is inserted in the equation for the 
Nusselt number and the equation for the 
Nusselt number is inserted in the equa­
tion for the rate of heating of the ith ther­
mocouple, the resulting equation is 

Of ~ = (a + b~) (~-T; ) 
where OJ = the diameter of the ith ther­
mocouple, T; = the temperature reading 
of the ith thermocouple, ~ = the 
temperature of the gas (which one is 
seeking to determine), t = time, a is a 
constant that depends on the properties 
of the gas, and b is a variable that de­
pends on the velocity and the properties 
of the gas. 

It turns out not to matter that b is vari­
able and to make no difference whether 
a is constant or variable, because by ap-

plying the foregoing equation to the three 
thermocouples and taking appropriate 
sums and differences, one can eliminate 
a and b. The resulting equation is 

O~ ir (..m; - .JD;)/(~ -T1 ) + 

O~ ?, (.JD; - ..;0;)/( ~ -T2 ) + 

O~ i, (..m; - ..m;)/( ~ -T3 ) = 0 

This is equivalent to a quadratic equa­
tion for ~ . The other quantities in the 
equation are the known diameters, the 
known readings , and the known rates of 
change of the readings of the thermo­
couples. The solution to this equation is 
easily implemented in a computer pro­
gram; if the sampling rate is high enough 
and the computer fast enough, it can 
give a current indication of the fluctuat­
ing 79. 

This work was done by Gustave C. 
Fralick of Lewis Research Center. For 
further information, Circle 5 on the TSP 
Request Card. LEW-15GB7 

512 X 512 to 3K X 2K pixels 
True 16 bit dynamic range, at full resolution 

1 MHz DMA transfer 
Frame transfer operation, for continuous data collection 

Software for IBM and Macintosh computers 
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Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
is cited ; otherwise they are available from the 
National Technicallnformallon Service. 

Measuring Highly Elliptical 
Orbits Using the GPS 

A combination of Doppler 
and GPS measurements 
would provide the 
required accuracy, 

A report discusses the precise determi­
nation of highly elliptical orbits of space-

craft around the Earth, by use of one of 
the following techniques: (1) conventional 
two-way Doppler tracking of the space­
craft from ground stations, (2) conventional 
two-way Doppler tracking from ground sta­
tions augmented by tropospheric-delay 
calibrations obtained at the ground stations 
by simultaneous tracking of the navigation 
satellites of the Global Positioning System 
(GPS), or (3) the method of item 2 augment­
ed further by GPS tracking from a GPS flight 
instrument aboard the spacecraft. 

The analysis in this report applies espe­
cially to scientific satellites that would 
carry radio telescopes. The highly elliptical 
orbits would extend the baselines available 

Synthesized lun,tion 
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Generators Direct Digital Synthesis is 
a powerful new concept for 
function generators, deliver­
ing synthesized accuracy 
and resolution, clean output 
waveforms and seamless 
frequency sweeps. 

These three high perfor­
mance instruments use 
DDS technology to provide 
a range of features, such as 
standard waveforms (sine, 
square, triangle ramp) , built­
in modulation, and arbitrary 
waveforms, making them 
suitable for a variety of 
benchtop and ATE 
applications. 

Outstanding performance. 
Unsurpassed Value. 

STANFORD RESEARCH SYSTEMS 
1290 D Rearnwood Avenue, Sunnyvale, CA 94089 
TEL (408)744-9040 FAX 4087449049 

For More Information Circle No. 509 

for very-Iong-baseline interferometry (VLBI) 
to lengths greater than the maximum of 
about 12,000 miles (19,000 km) available 
between stations on Earth. For example, 
one contemplated orbit of the International 
VLBI Satellite (IVS) would reach a maxi­
mum altitude of 150,000 km (with a mini­
mum altitude of 5,000 km). These elliptical 
orbits are difficult to determine precisely 
because the viewing geometrics and dy­
namics can vary considerably with alti­
tude. The position, velOCity, and accelera­
tion of the spacecraft must be determined 
accurately enough to enable correlation 
of the radio-telescope observations with 
those of other station(s) in the VLBI net­
work that observe the same astronomical 
object at the same time. 

The accuracies available from the three 
orbit-determination techniques were ana­
lyzed as applied to two spacecraft: (1) the 
MUSES-B satellite of the Japanese VLBI 
Space Observatory Program (VSOP), to be 
launched the year 1995 into an orbit be­
tween a minimum altitude of 1,000 km and 
a maximum altitude of 20,000 km; and 
(2) the IVS mentioned previously, to be 
launched in the late 1990's. In both cases, 
it was assumed that the satellites would 
be equiJ:.l)ed with antennas capable of view­
ing GPS satellites in almost any direction. 

In the VSOP case, the results of the anal­
ysis show that the required positional ac­
curacy of 130 m could be attained easily 
by use of two-way Doppler tracking pri­
marily. The required velocity accuracy of 
0.4 cm/s could be attained by two-way 
Doppler tracking augmented by the GPS 
tropospheric-delay calibrations and pre­
cise coordinates of ground stations. Fur­
ther augmentation with a GPS tracking in­
strument aboard the satellite would yield 
position and velocity accuracy beyond the 
basic scientific requirements upon the 
VSOP mission. 

In the IVS case, the results of the anal­
ysis show that the combination of GPS­
augmented Doppler tracking and GPS 
tracking from aboard the satellite would 
be necessary to attain the required posi­
tional accuracy of 30 cm at altitudes from 
5,000 to 75,000 km. At altitudes from 
75,000 to 150,000 km, the accuracy could 
deteriorate to about 1 m. 

This work was done by Stephen M. 
Lichten and Jeffrey A. Estefan of Caltech 
for NASA's Jet Propulsion Laboratory. 
Further information may be found in AIAA 
paper A90-53027, "High-Precision Orbit 
Determination for High-Earth Elliptical 
Orbiters Using the Global Positioning 
System." 

Copies may be purchased [prepayment 
required] from AIAA Technical Information 
Services Library, 555 ~t 57th Street, New 
York 10019, Telephone No. (212) 247-6500. 
NPO-18337 
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New Mathcad 4.0 
is ergonomically designed to 
relieve pressure on the most 
important part of your body. 

For everyone with better 
things to do with their brains 
than punch calculators, scrib­
ble on scratch pads, build 
spreadsheets and transcribe 
equations, we present 
Mathcad® 4.0. It's the best 
way ever to do engineering 
and scientific calculations, be­
cause it's smarter than ever 
about the way you work. 

As always, Mathcad lets 
you enter equations any­
where on the worksheet. 
Graph results in 2-D and 3-D. 
Change variables and instant­
ly update answers. And print 
presentation quality docu­
ments with text, graphics and 
equations in real math nota­
tion. But now there's even more. 

Like new Wmdows features 
that make Mathcad easier to 
use. Including the tool bar with 
mouse-click execution offile, 
edit, math and text controls. And 
full Wmdows DDE and OLE 
support that integrates Mathcad 
with your Wmdows spreadsheet. 
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All new SmartMath knows 
when an equation is best solved 
nwnerically or symbolically, 
and hands off the work to the 
appropriate calculating engine. 
New live symbolic calculations 
automatically update just like 
nwnerical ones. And new sym­
bolic optimization automatically 

simplifies equations for 
faster, more concise results. 

In addition to more than 
200 built-in nwneric and 
symbolic functions, you'll 
find enhancements like trail­
ing zeros, extra unit and 
Nth derivative operators. As 
well as extended graphing 
capabilities with Polar and 
Contour plots. 

Best of all, new Mathcad 
4.0 runs twice as fast as before. 

So why suffer through 
another day of calculators, 
scratch pads and spread­
sheets? Get a load off your 
mind with Mathcad 4.0. 

Call now for a free working 
model, to upgrade, or for 

information on 
optional Mathcad 
Applications Packs 
and Electronic 
Handbooks~ 

Call: 617-577-1017 
Fax: 617-577-8829 ... -~!!'!! 

1-800-MATHCAD 

FREE Mathcad 4.0 Working Model. 
The Mathcad Working Model includes a concise demonstra­

tion and a fully functioning version of the product. It's the best 
way to introduce yourself to the power and ease of Mathcad . 
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Materials 

Synthesizing Diacetylenes With Nonlinear Optical Properties 
Investigations of synthesis. deposition. and polymerization are continuing. 

Marshall Space Flight Center, Alabama 

. 
Compound 2 

SYNTHESIS OF COMPOUND 1 SYNTHESIS OF COMPOUND 2 

Diacetylene compounds are being in· 
vestigated to determine whether they have 
the nonlinear optical properties that would 
make them useful for four-wave mixing, 
generation of third harmonics, phase con­
jugation, and the like. The diacetylene la­
beled in the figure as compound 1 has 
been synthesized and then polymerized 
both in the solid state and in the liquid 
state. The obseNed chemical and optical 
properties of this and other diacetylenes 
will provide a test of the accuracy of semi­
empirical molecular-orbital mathematical 
models that have been used to predict 
their chemical and optical properties. For 
example, the mathematical models predict 
that the properties of compound 1 will be 
quite different from those of compound 2, 
which has also been synthesized and will 
be subjected to experiments like those per­
formed on compound 1. 

Compounds 1 and 2 were synthesized as 
shown in the figure, then purified by column 
chromatography using silica gel as the sup­
port and benzene as the eluent. Even puri­
fied samples of these monomers contained 
small amounts of the corresponding poly­
mers, which imparted a red-brown color. 

Dlacetylene Monomers -compounds 1 and 2 - are synthesized by these sequences 
of chemical reactions. The monomers can be polymerized by ultraviolet light, forming 
potentially useful non linear optical materi als. 

Pure crystals of the compound 1 can be 
grown as thin films on a glass or quartz c:on­
denser that has a temperature of -20°C 
from a vapor that has a temperature of 30 
to 35°C and a pressure of 0.02 mm Hg 
(3 Pa). (Although the freezing temperature 
of compound 1 is about 5°C, it has a 
strong tendency to undercool; therefore a 
temperature much lower than the freez­
ing temperature is necessary to condense 
it directly from vapor to solid.) Compound 
1 has also been condensed initially as a 
liquid (at -10°C) and then allowed to 
freeze slowly overnight to see how the 
crystalline quality of a film grown this way 
compares with that of a film grown direct­
ly as a solid. 

The frozen or liquid monomer 1 is polym­
erized by exposure to long-wavelength 
(365-nm) ultraviolet radiation for about 3 
to 4 days, during which time the monomer 
is kept below or at the freezing tempera­
ture, respectively. During this process, the 
initially colorless solid monomer film turns 
into a red-brown polymer film, which re­
mains solid when warmed to room temper­
ature. The optical properties of the film can 
then be measured. 

Polymerization in the liquid state may 
eliminate two potential disadvantages of 
polymerization in the solid state. Firstly, in 
the solid state, grain boundaries and other 
crystalline imperfections in the monomer 
film can degrade the optical properties of 
the polymer film produced. Secondly, the 
crystalline packing of the monomer must 
be such that the triple bonds of neighbor­
ing diacetylene molecules are in the cor­
rect proximity for polymerization to take 

place; not all diacetylenes satisfy this re­
quirement. In contrast, in the liquid state, 
there are no crystalline defects, and, be­
cause the molecules are free to move 
about, it is easier for the bonds to line up 
in the correct manner for polymerization 
to occur. Hence, polymerization of diacety­
lenes in the liquid state may, in certain 
cases, have some advantages over polym­
erization in the solid state. 

This work was done by Samuel P. 
McManus, Donald P. Frazier, and Mark S. 
Paley of Universities Space Research As­
sociation for Marshall Space Aight Cen· 
ter. For further information, Circle 6 on the 
TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 2Oj. Refer 
to MFS-26186. 

Films Containing Optically 'Nonlinear Diacetylene Monomer 
Pronounced nonlinear optical properties show promise 
for applications in communication and computation. 

Marshall Space Flight Center, Alabama 
Solid films that exhibit nonlinear optical 

properties have been prepared as mixtures 
of poly(methyl methacrylate) with various 
amounts of the diacetylene monomer 
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called "compound 1" in the preceding ar­
ticle, "Synthesizing Diacetylenes With Non­
linear Optical Properties" (MFS-26186). 
Rims of this type might be useful as phase-

conjugate mirrors in laser-beam communi­
cations and as optical switches in optical 
computers. 

This particular diacetylene monomer ex-
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SPECIFY INCO SPECIALTY POWDERS 
FOR WIDE RANGE OF 

ELECTRONIC APPLICATIONS 

Inco Type T 287 Filamentary Powder, partIcle size (FSSS) 
2.6-3.3 microns, apparent density 0 75-0,95 glcc, relative 
surface resistIvI ty 0.30 ohms per square (D) 

Novamet HCA-I Flake, screen mesh 98% mmus 400. 
apparent densltv 0.90 glee, thickness 10-1 I mIcrons, 
surface resIstIvi ty 0.25 OlD. 

Inco Specialty Powder Products now has a wide 
range of nickel and coated powders With excepllonal 
conductive and magnetic properties. These properties 
make them Ideal for a spectrum of electronic applica­
tions such as conducting film technology, coatings, 
adhesives, gaskets and EMI shielding . 

EXTENSIVE PRODUCT RANGE 
The development of computer processed control 

coupled With the continuous powder production 
Improvements enables us to meet your most stringent 
powder speCifications for electronic applications 

In addition to the products pictured above, INCO SPP 
has available the following high performance powder 
products. Novamet Conductive Nickel Spheres, particle 
size (FSSS) 8-9 microns, apparent density 3.2-3.5 g/cc . 
surface resistivity 1.0 ohms per square. Novamet 525 
Conductive Nickel Pigment, screen mesh 1000/0 minus 
400, particle size 3.2 microns, 0.65 BET surface area 
m /g, surface resistivity 0 .35 ohms per square Silver 
Coated Nickel Flake , 15% Ag , 2.6 glcc apparent den­
sity, particle size (FSSS) 15 microns, screen mesh 99% 
minus 200, surface resistivity 0.04 ohms per square 

Magnellc; ferrites and surge arrestor applications also 

Novamet SIlver Coated Nickel Spheres, 15% Ag. 
2.5 glcc apparent densIty, particle size 10 mIcrons. 
screen mesh 99%-250. surface resIstIvIty 0.03 n/o 

Novamet Nickel Coated Graphtte. 60% fully encapsulated NI, 
apparent denSIty 1.6 glce. partIcle size (FSSS) 100 micron s. 
screen mesh 63% 1501 .. 250. surface resistIVity 0.3 £lID 

use our specialized range of nickel OXides High PUrity 
Black Nickel OXide, 77.2% NI , BET 75 (m /g) particle 
size (FSSS) 5.2 microns, minus 325 mesh 99% plus 
Green Nickel OXide, 78.5% NI, BET 3 (m Ig) particle 
size 1.6 microns, 325 mesh 100%. 

Inco SpeCialty Powder Products IS your unique 
source for custom fitting high performance powders Into 
electronic applications Our customer focused , world­
Wide marketing service group IS ready to help you With 
your current and future needs 

For more information write INCO Specialty Powder 
Products, Dept. 1-90, Park 80 West-Plaza Two , Saddle 
Brook. NJ 07662 

INCO Spp 
Pnrk flO Wcsl PI;l1n Two. Snodle Brook . NJ 0766::> 
Stlin -MlJrOmilChl Builcling . 4·3 Nlhonh,\shl-Muromachl ?-Chome, 

Chi lO ku . Tokyo 103 Jilpan 
1<3 Grosvenor Piau' , London SWI X7E/\ England 
lSlrl Wilson HOll<;e. 19-?? Wyndham Stroot Canlml, Hong Kong 
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hibits strong third-order nonlinear optiCal 
properties, both in pure form and in solu­
tion. Like many useful monomers, it is liq­
uid at room temperature, but films that are 
solid at room temperature are needed in 
practical applications. Although the mon­
omer can be polymerized to obtain a solid 
film, experiments have shown that the 
polymer does not exhibit the strong non­
linear optical properties of the monomer 
from which it is made. 

ing it, with a different polymer. Mixtures 
were prepared by dissolving various 
amounts of the diacetylene monomer in­
to a solution of poly(methyl methacrylate) 
in acetone. Films were made by casting 
the solution onto quartz slides, then allow­
ing the solvent to evaporate. 

The films were exposed to light from an 
argon-ion laser. Like the monomer in solu­
tion, they exhibited self-phase modulation, 
self-focusing and -defocusing, phase con­
jugation, and strong dependence of the in­
dex of refraction upon intensity of light. The 
optical properties of a film can be tailored 
for a particular application by choice of the 
concentration of monomer and thickness. 

Therefore, it was conjectured that to im­
part the desired strong nonlinear optical 
properties to a solid film, it is necessary 
to incorporate the diacetylene monomer 
into the film by mixing it, but not polymeriz-
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IF YOU mINK YOU CAN'T SEAL IT, 
YOU HAVEN'T TRIED 

MA-6EAl: 
Pneuma-Seal is an inflatable gasket that when pressurized with 
air, fills the gaps between surfaces, even hard-to-seal uneven 
surfaces. And when deflated, Pneuma-Seal quickly retracts to 
prevent interference when opening and closing a door or cover. 
You can use Pneuma-Seal as an effective barrier against 
pressure differentials and to seal out water, dust, gas, chem­
icals, noise and other contaminants. 

Pneuma-Seal is partirularly suitable for: 
Large enclosures where it is uneconomical to machine the 
entire sealing surface 
Uneven fabrications where traditional compression gaskets 
or latches are ine&ctive 
Horizontal or vertical sliding doors or covers that would 
tend to drag on and abrade conventional seals 
Hinged doors where flush thresholds are required 
lYPicai applications include: 
Processing equipment: chemical, food, textile, pharmaceu­
ticals, dryers, ovens and where rapid sealing and unsealing 
are required 
PoDutlon control: sound attenuation, hopper seals 
Laboratory facUlties: test equipment, clean rooms 
Transportation: military vehicles, aircraft, shipboard, mass 
transit doors and hatches 
Construction: special purpose doors, flood protection 

Pneuma-Seal is available in a wide range of profiles, with 
fabric reinforcing where applicable, and in a variety of rubber 
and silicone compounds to meet harsh environmental conditions. 

Pneuma-Seal is furnished complete, ready to install as 
continuous loops, strips, rectangles, or other shapes to your 
specified dimensional requirements. 

To obtain a complimentary copy of our designer's handbook, engineering 
assistance or to have a Presray representative contact you, please call us at any of 
the foUowing telephone numbers: 

(914) 855-1220 Telex: 646720 
FAX: (914) 855-1139 West Coast: (714) 751-2993 

Presray Corporation 
159 Charles Colman Boulevard, Pawling, NY 12564 

YOU MAY AlSO CONTACT US BY CIRCUNG THE 
RFSPONSE NUMBER INDICATED BELOW. 

For More Information Circle No. 477 

Uniform films with thicknesses of a few 
micrometers, which could serve as optical 
waveguides, can be solution-cast by spin­
coating poly(methyi methacrylate~diacety­
lene monomer solutions onto quartz disks. 

This work was done by Mark S. Paley, 
Samuel P. McManus, and Donald 0. 
Frazier of Universities Space Research 
Association for Marshall Space Flight 
Center. For further information, Circle 9 
on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center (see page 20). Refer 
to MFS-26187. 

Enzymatic 
Catalytic Beds 
for Oxidation 
of Alcohols 
Treatment of wastewater 
is enhanced. 

Marshall Space Flight 
Center, Alabama 

Modules containing beds of enzymatic 
material that catalyze the oxidation of pri­
mary alcohols and some other organic 
compounds are being developed for use 
in the wastewater-treatment systems of 
future spacecraft. These modules are de­
signed to be placed downstream of mUlti­
filtration modules, which contain filters and 
sorbent beds that remove most of the non­
alcoholic contaminants but fail to remove 
significant amounts of low-molecular­
weight, polar, non ionic compounds like al­
cohols. The catalytic modules might also 
be used on Earth to oxidize primary alco-
110ls and other compounds in wastewater 
streams and industrial process streams. 

The enzymatic catalytic material in the 
main beds of the modules is an immobi­
lized alcohol oxidase, which is prepared 
by binding the enzyme to a derivatized 
supporting material. Under the influence 
of the catalyst, alcohols react with oxygen 
dissolved in the water, forming aldehydes 
and hydrogen peroxide. Under the influ­
ence of supported platinum and platinum/ 
ruthenium catalysts, the aldehydes are ox­
idized further, yielding organic acids, which 
are then removed by ion exchange. This 
latter feature is an advantage in that or­
ganic acids are more efficiently removable 
by ion-exchange media and much less 
toxic than aldehydes are. 

The hydrogen peroxide produced in the 
enzyme-catalyzed reaction would inhibit 
that reaction if allowed to remain In the 
catalytic bed. Therefore, the bed includes 

NASA Tech Briefs, May 1993 



transition metals (e.g., platinum and cop­
per) codeposited with the alcohol oxidase. 
These metals catalyze the decomposition 
of the H20 2 in situ, thereby increasing the 
operational life of the bed from what would 
otherwise be hours, to months. 

The dissolved oxygen needed for the 
catalytic reaction is supplied via an oxygen 
saturator, which includes a bundle of nar­
row tubes made of a membrane material 
that is permeable by oxygen. The water 
flows through the spaces between the 
tubes, and oxygen supplied to the insides 
of the tubes passes through the mem­
branes and dissolves in the water. This 

Effluent -

Divider 

Bed of 
Catalytic 
Material 

t 
Oxygen In 

SECTION A-A MAGNIFIED 

End Cap 

This Integrated Reactor Module contains 
both an alcohol-oxidizing catalytic bed and 
an oxygen saturator. It performs better than 
does a catalytic bed placed downstream of 
a separate oxygen-saturator module. 
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device provides an excellent distribution 
of dissolved oxygen, without the bubbles 
that would be generated by direct injec­
tion of oxygen gas into the water. Bubbles 
must be avoided: they can be trapped in 
the bed, where they can cause undesired 
channeling or obstruction of flow. 

The figure shows an integrated reactor 
module that incorporates both an oxygen 
saturator and an immobilized alcohol-oxi­
dizing catalyst. This reactor oxidizes con­
taminants at higher concentrations than 
does a reactor that operates at the same 
pressure but without a built-in oxygen sat-

urator, because in this reactor there is a 
favorable shift in chemical equilibrium 
when oxygen is replenished via the mem­
branes as it is consumed in the reaction. 

This work was done by Clifford D. Jolly 
and Leonard J. Schussel of Umpqua Re­
search Co. for Marshall Space Flight 
Center. For further information, Circle 41 
on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20J Refer 
to MFS-26192. 

PROBLEM? 
SOLDERING SEALING 

SEMICONDUmNG COATING 

SOl "'tJTION ... 

II: Indium, the low-melting temperature metal, could be 
the solution to your R&D problem. 

" If you're involved with any of the above applica-
tions, you can find a use for indium, the shiny, semi-precious, 
non-ferrous metal that can be supplied at 99.99999%+ purity 
as indium salts, oxides, chemical, and indium-based alloys. 

For more technical information, call or write to us at 
400 Harris Ave., Providence, RI 02909, Phone: 401-456-0800, 
Toll free: 800-343-0282, " .. lila ......... .. 
Fax: 401-421-2419. ~,.....,.. ... .... 

lOUR INDIUM RESOURCE. 

For More Infonnatlon Circle No. 625 65 



HeaterstafM 
Temperature Controller 

~========== F ORM~==========~I 

LCD heaters • Portable instruments 
Battery powered heaters 

FUNCTION 
This unique DC controller directly regulates temperature of Minco 
heaters - no sensor required! The controller takes temperature readings 
from the heater element itself, and turns on power only when required. 

• Low cost module for circuit • Low power consumption, 
board mounting long battery life 

• Switches up to 3 A at 45 to 60 VDC • Adjustable setpoint 

7300 Commerce Ln. M I NCO Phn: 61 21571-3121 
Minneapolis, MN Telex: 687-9025 
55432-3177 USA FAX: 612/571 -0927 

PRODUCTS, INC . 

For More Information Circle No. 437 

• LOW AND HIGH volume J.I.T_ 
deliveries/S.P.C. controlled 

• HIGH INTEGRITY Aerospace, Automotive, 
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 facilities 

TfC THOMPSON 
~ CASTING CO.,INC. 

4860 Chamcraft Rd. 
Cleveland. OhiO 44125 
Phone: (2161581-9200 

FAX (2161475-6611 
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Books and Reports 
These reports, studies, handbooks are available from 
NASA's as Technical Support Packages (TSP's) when a 
Request Card number is cited; otherwise they are available 
from the National Technical Information Service. 

Protective Coats for 
Zinc· Rich Primers 
In an acidic environment, epoxy/polyurethane 
topcoats retard corrosion. 

A report describes tests of topcoats for inorganic zinc-rich 
primers on carbon steel. The topcoats are intended to pro­
vide additional protection against corrosion in the acidic, 
salty seacoast-air/rocket-engine-exhaust environment of 
the Space Shuttle launch site . The tests focused on 
polyurethane topcoats on epoxy tie coats on the primers. 
Part of this study involved a comparison between "high­
build" coating materials (those that tend to form thick coats) 
and thin-film coating materials. 

Twenty-six thin-film and twenty-six high-build com-mercial 
epoxy/polyurethane combination topcoats were tested . 
Each combination topcoat was applied to manufacturers' 
carbon steel panels that had been coated previously with 
the particular manufacturer's commercial zinc-rich primer 
that is specified for use under that topcoat. Some panels 
were subjected to laboratory tests to determine the degree 
of adhesion of the various coats. Panels were exposed to 
the environment at the beach at Kennedy Space Center for 
18 months. Some panels were periodically sprayed with a 
slurry of alumina particles in hydrochloric acid. 

The panels exposed to the environment were subse­
quently examined for adhesion, retention of gloss, and cor­
rosion. The results of the examination showed that the top­
coats were effective in protecting the inorganic zinc primers 
in acidic corrosive environments, and that the high-build 
topcoats were sl ightly superior to thin-film topcoats in this 
respect. However, it was also found that in those speci­
mens that were not exposed to the acid slurry, the topcoats 
interfered with the protection provided by zinc-rich primers. 

This work was done by Louis G. MacDowell, III, of 
Kennedy Space Center. To obtain a copy of the report, 
"Evaluation of Protective Coating Systems for Carbon Steel 
exposed to SRB Effluent After 18 Months of Seacoast 
Exposure, " circle 1 on the TSP Request Card_ KSC- 11481 

Shear-Sensitive Monomer/ 
Polymer Liquid Crystal System 
The system may provide quantitative data on 
flows in wind tunnels. 

A report describes a preliminary investigation of a new 
monomer/polymer liquid crystal system-a thin film of the 
shear-sensitive cholesteric monomer liquid crystal (TI 511) 
on a Xydar (STR800) (or equivalent) liquid crystal polymer 
substrate. Monomer/polymer liquid crystal films applied to 
surfaces provide quantitative ind ications of the shear 
stresses caused by winds blowing along the surfaces . 
Unlike in the monomer-liquid crystal/metal coating systems 
used thus far to make flows on the surface of wind-tunnel 
models visible, the effects of shear stresses are reversible 
in the new coating system_ 

Both monomer and polymer cholesteric liquid crystal exhibit 
selective reflection of light at the wavelength, >-S' that equals 
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the average refractive index of the liquid 
crystal multiplied by the pitch of the helical 
structure. The pitch of a shear-sensitive 
cholesteric liquid crystal decreases with 
shear stress. When the shear stress is in­
creased, the gradual winding of the helix 
can be observed under white illumination 
as a dramatic change of the color of re­
flected light from red to blue. 

Because of the high viscosities of liquid 
crystal polymers, the shear stresses re­
quired to modify the helical structures in 
them are too high at the windspeeds of 
most interest. Monomer cholesteric liquid 
crystals have been used to make subsonic 
and supersonic flows visible. However, they 
have yielded few reliable quantitative data 
on the flows because their relatively low 
viscosities, combined with the poor wet­
tability of the surfaces of conventional 
models, cause the liquid crystal coats to 
be thinned and ultimately washed away. 

The polymer liquid crystal used in of 
these experiments can be formed into a 
plastic that has the strength of steel, the 
light weight of aluminum, and a melting 
temperature greater than 350°C. The liq­
uid crystallinity of the orientations of the 
polymeric chains is stronger on the sur­
face than in the bulk of the compression­
molded samples. These surface orienta­
tions were expected and found to induce 
adequate wettability as well as the forma­
tion of a stable Grandjean texture (asso­
ciated with planar orientation) in the overly­
ing monomeric liquid crystal because of 
steric interactions between the surface of 
the polymer and the layer of monomer 
(which was 20 to 50 p.m thick). The con­
trast of the selectively reflected ,light was 
improved by providing a thin black coat at 
the interface between the monomer and 
polymer. This black coat was thin enough 
that steric interactions between the moncr 
mer and polymer remained strong enough 
to maintain the Grandjean texture. 

In the experiments, monochromatic 
light was shone on the liquid crystal coat 
at an angle of incidence of about 15°, and 
the intensity of light reflected perpendicu­
larly to the surface was measured as a 
function of wavelength to determine >-So 
These measurements were performed 
while air was blown along the surface, 
driven by a differential pressure /¥). (It was 
shown by a simple mathematical model 
of viscous flow that the shear stress caused 
by the flow is proportional to !1p.) The 
measurements showed that over the 
range of pressures from 0 to 100 mm Hg 
(0 to 13.3 kPa), \ decreases approximate­
ly linearly with /¥). Furthermore, the effects 
of shear stress are reversible. Thus, this 
system may be suitable for measurement 
of shear stresses caused by flows. 

This work was done by Jag J. Singh, Abe 
Eftekhari, and D. S. Parmar of Langley 

Research Center. To obtain a copy of the 
report, ' :4 Shear Sensitive Monomer-Poly­
mer Uquid Crystal System," Circle 21 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 develop­
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 20]. Refer to LAR-14654. 

More Cyclic·Oxidation Data 
for Turbine Alloys 
Weight-change and x-ray 
diffraction data complete 
a presentation begun 
in an earlier report. 

A document presents data on cyclic ox­
idation of high-temperature, high-strength, 
nickel-base and cobalt-base alloys for tur­
bines. The document completes the pres­
entation of data begun in NASA Technical 
Memorandum 83665 (Revised 1989), "High­
lemperature Cyclic Oxidation Data, Turbine 
Alloys, Part 1." 

The data consist of plots and tabulations 
of changes in specific weight as a function 
of time, and lists of surface and spalled ma­
terial phases identified by x-ray diffraction 
measurements. The data cover 36 alloys: 
33 nickel-based and 3 cobalt-based. Most 

are cast alloys, although a few, such as 
Waspaloy, Rene 41 , and U-520, are hot­
worked wrought alloys. 

For each alloy, the data are listed in se­
quence from higher to lower temperature 
and from long to short cycle times. Most 
oxidation tests were conducted at 1,150 °c 
for 100 hours or at 1,100 °c for 200 hours. 
Most test cycles were 1 hour long w.ith at 
least 20 minutes at ambient temperature 
between cycles. Specimens were removed 
and weighed at a standard series of times 
sufficient to generate specific-weight­
change/time changes. 

In general, the oxidation data follow a 
paralinear curve: the specific weights in­
crease with time more or less parabolical­
ly, then fall linearly. Where the data on spec­
imens of a given alloy differ significantly, 
there is a corresponding variation in ox­
ide(s) detected by x-ray diffraction. 

This work was done by Charles A Barrett 
and Ralph G. Garlick of Lewis Research 
Center. Further information may be found 
in NASA TM-101468 [N91-10150J. "High-Tem­
perature Cyclic Oxidation Data - Turbine 
Alloys, Part 2." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
LEW-15116 
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Computer Programs 

COSMIC: Transferring NASA Software 
COSMIC, NASA'S Computer Software Management and Informahon Center, distributes software developed with 

NASA lunding to industry, oIher government agencies and academia. 
COSMIC's Inventory is updeted regularly; new programs are reported In Tech Briefs. For addltlonallnformation on 

any of the programs described here, circle the appropriate TSP number. 
If you don1 find a program In this issue thet meets your .-.is, call COSMIC directfy for a free review of programs 

In your area of Interest. You can also purchasa the annual COSMIC SoIIware Catalog, containing descriptions and 
ordering onformation for available software. 

COSMIC Is part of NASA's Technology Transfer Networ1<. 

COSM.c--John A. Gibson, Director, 
Phone (706) 542-3265; FAX (706) 542-4807 
The University of Georgoa, 382 East Broad Sfreet, 

Athens, Georgia 30602 

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

o PhySIcal SCIences 
.~ 

Global Reference 
Atmospheric 
Model -1990 
A coordinated collection 
of mathematical models 
of the atmosphere 
has been updated_ 

The Global Reference Atmospheric 
Model was created to satisfy a need for 
engineering-reference mathematical 
models of the atmosphere that have wide 
scope and are widely applicable. GRAM-
90, an improvement on the original model, 
provides values of atmospheric parame­
ters, either automatically at positions along 
a linear path or along any set of connected 
positions specified by the user. The param­
eters produced include monthly total and 
mean values of pressure, density, tempera­
ture, and wind, as well as perturbation 
values and magnitudes. 

GRAM-90 incorporates two older em­
pirical mathematical models of the low and 
high regions of the atmosphere, plus a 
mathematical model of the middle region 
that includes dependences on latitude and 
longitude. The highest region (altitudes 
above 120 km) is simulated by an updated 
version of the Jacchia model, called the 
Marshall Engineering Thermosphere. The 
latitude-and-Iongitude-dependent model ap­
plies at altitudes from 30 to 90 km. A math-
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ematical model for the region of transition 
(altitudes of 90 to 120 km) between the 
foregoing high regions is synthesized 
smoothly by use of fairing techniques. The 
lowest region of the atmosphere (altitudes 
below 25 km) is simulated by a four.oimen­
sional worldwide mathematical model. An 
interpolation scheme is used for the region 
of transition (altitudes of 25 to 30 km) be­
tween the middle and low regions. 

GRAM-90 also provides the thermal 
wind shear for the monthly mean winds, 
the percent deviation from the standard at­
mosphere, the mean vertical wind, and the 
perturbation data for each position. Per­
turbation data consist of values of quasi­
biennial and random perturbations. 

Improvements of GRAM-90 over GRAM 
88 have been made in the four.oimension­
al and the middle-atmosphere sections. A 
routine that reads the four-dimensional 
data by random access from disk files was 
incorporated, providing for substantial in­
creases in the speeds of execution of 
some simulations. For the first time, data 
for the middle atmosphere include explicit 
Southern-Hemisphere data (as opposed to 
reflected Northern-Hemisphere data used 
previously) and zonal mean and latitude­
longitude cross-section data for zonal and 
meridional wind components, replacing 
the spherical-harmonic mathematical 
model of wind. Also, the new version con­
tains more-realistic values of temperature 
extrapolations for the polar areas. 

GRAM-90 is written in FORTRAN 77 for 
batch execution on the IBM 3090 com­
puter. The standard distribution medium 
for GRAM-90 is a set of two unlabeled, 9-
track, 1,600-bit/in. (630-bit/cm) magnetic 
tapes written in ASCII format with fixed 
blocks, using a block size of 8,000 and a 
logical record length of 80. The logical 
record length of 80 was chosen to enable 
the tapes to be readable on non-IBM com­
puters. However, before the program can 
be used successfully on other computers, 
some of the provided IBM job-control 
language will have to be translated into 

code suitable for those computers. The 
original GRAM code was developed in 
1976, and GRAM-90 was released in 1991. 

IBM is a registered trademark of Inter­
national Business Machines Corp. 

This program was written by C. G. 
Justus, F. N. Alyea, D. M. Cunnold, Dale 
L. Johnson, and William R. Jeffries III of 
the Georgia Institute of Technology for 
Marshall Space Flight Center. For fur­
ther information, Circle 71 on the TSP Re­
quest card. 
MFS-28577 

• Materials 

Predicting Formation 
of a Phase in Alloys 
SUPER PHACOMP 
also computes other 
properties of alloys. 

An iron-, nickel-, or cobalt-based alloy 
composition can cause the alloy to form (J 

phase when treated at high temperature. 
Any formation of (J phase is undesirable be­
cause it weakens the alloy. The PHACOMP 
algorithm was developed because of the 
need to screen any hypothetical or devel­
opmental alloy for either the formation or 
the propensity for formation of the (J phase. 
On the basis of the alloy compoSition on­
ly, the algorithm can predict the formation 
of the (J phase. 

SUPER PHACOMP was developed after 
research into the many versions of the 
PHACOMP algorithm. The resulting pro­
gram implements three of these versions, 
enabling comparison of results to give 
greater reliability to the predictions. In­
asmuch as certain calculations are com­
mon to each, the three versions were 
woven together for efficiency. While the 
prediction of formation of the (J phase is its 
primary function, SUPER PHACOMP also 
performs other calculations of the proper­
ties of alloys. This program could benefit 
anyone working in the design Of alloys. 

The prediction of formation of the (J 

phase is based upon the energy densities 
of the alloy elements. A PHACOMP num­
ber based on Pauling 's density-of-states 
predictions has been assigned to each of 
the transition elements. SUPER PHACOMP 
first reduces the alloy to the 'Y phase and 
then calculates a weighted sum of the 
PHACOMP numbers assigned to the cor­
responding elements of the alloy. Accom­
panying each of these values is the predic­
tion of formation of the (J phase for each 
of the three weighting methods used. 

SUPER PHACOMP provides additional 
calculations of the stacking-fault energy 
of the austenitic phase and of the weight 

NASA Tech Briefs, May 1993 



of the .y phase. Also, it identifies the alloy 
as being nickel-, cobalt-, or iron-based and 
calculates the carbide content. 

SUPER PHACOMP is written in BASIC 
for IBM PCseries or compatible computers 
running MS-DOS v3.30 or later. No execut­
able codes are included with the distribu­
tion. The source code should be compati­
ble with any DOS-based BASIC language 
interpreter. SUPER PHACOMP requires 
640K of random-access memory for ex­
ecution. This package of software is avail­
able on a 5.25-in. (13.34-cm), 360K, MS­
DOS-format diskette. SUPER PHACOMP 
was developed in 1991. 

IBM PC is a trademark of International 
Business Machines Corp. MS-DOS is a 
registered trademark of Microsoft Corp. 

This program was written by William F. 
Kaukler and Gary L. Workman of the 
U(Jiversity of Alabama in Huntsville for 
Marshall Space Flight Center. For fur­
ther information, Circle 70 on the TSP Re­
quest card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20). Refer 
to MFS-26164. 

Computing Reliabilities 
of Ceramic Components 

CARES/PC analyzes data 
from fractured specimens. 

The beneficial properties of structural 
ceramics include high-temperature strength, 
light weight, hardness, and resistance to 
corrosion and oxidation. The ability of ce­
ramics to function in advanced heat en­
gines at temperatures well beyond the 
operational limits of metals has been dem­
onstrated. This is offset by the fact that 
ceramic materials tend to be brittle. When 
a load is applied, the lack of significant 
plastic deformation causes the material to 
crack at microscopic flaws, destroying a 
component made of such a material. 

The CARES/PC computer program per­
forms statistical analYSis of data obtained 
from the fracture of simple, uniaxial ten­
sile or flexural specimens of ceramics and 
estimates the Wei bull and Batdorf material 
parameters from these data. CARES/PC 
is a subset of the Ceramics Analysis and 
Reliability Evaluation of Structures (CARES) 
program (COSMIC program number LEW-
15168), which calculates the fast-fracture 
reliabilities or failure probabilities of ceram­
ic components by use of the Batdorf and 
Weibull models to describe the effects of 
multiaxial stress states on the strengths 

of materials. The use of CARES requires 
the mathematical modeling of the ceramic 
components by a finite-element program 
like MSC/NASfRAN or ANSYS. The more­
limited CARES/PC does not calculate the 
fast-fracture reliabilities of components. 

CARES/PC estimates selected proper­
ties of ceramic materials from diita taken 
in uniaxial tensile tests or three- and four­
point-bend-bar tests. In general, the param­
eters used in CARES/PC are obtained from 
the fracture stresses of many specimens 
(30 or more are recommended), the shapes, 
sizes, and loading configurations of which 
are held constant. Weibull parameters of 
single- or multiple-failure modes can be 
estimated by using the least-squares a­
nalysis or the maximum-likelihood method. 
KoImogorCN-8mirnov and Anderson-Darling 
goodness-of-fit tests measure the accura­
cy of the hypothesis that a given set of 
fracture data come from a population, the 
distribution of which is specified by the 
estimated Weibull parameters. Ninety-per­
cent confidence intervals on the Wei bull 
parameters and the unbiased values of the 
shape parameters for complete samples 
are prCNided when the maximum-likelihood 
technique is used. 

CARES/PC is written and compiled with 
the Microsoft FORTRAN v5.0 compiler, 
using the VAX FORTRAN extensions and 

The theory behind our new electronic component database. 

The D.A.T.A. Parametric Access Library - D.A.T.A.!P/NUT~ In a word, it's fast. In fact, it's 

the fastest, easiest to use semiconductor database available. And it's the most affordable. For 

just $1,930 you get 1.25 million Ies and discrete semiconductors from more than 1,000 

manufacturers on a single disc. Or, subscribe to just the categories you need for only $295 per category. 

It's also available for use on any DOS network. For the most complete information on 

components available, call 800-447-4666 today. Because there isn't a minute to waste. 

lh. mark O.A. T .AJPIAJU with Jaign I •• tnJem.rlt of Inb:.rmation Handlin, S~cet, Inc. Prlc..pphc.bl.ln the U.S. only, 
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Unmatched performance 
in noncontact measurement. 
Our fiber-optic and capacitive 
noncontact measurement systems 
offer submicroinch resolution and 
high frequency response for a 
range of demanding applications: 

\n:unwasure S~slem " 

• Vibration and modal analysis 
• Runout and bearing analysis 
• Gap and positioning control 
• Thickness measurement 
• Surface fmish inspection 

Our experienced engineers are ready to help you solve your measure­
ment problems. Call us with your application: 1-800-342-2203. 

MTI Instruments 
968 Albany-Shaker Road 
Latham, New York 12110 
518n85-2464 FAX: 518n85-2806 

For More Information Circle No. 449 
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Selected In 
SunWorld's 

Best 
Products 
0'1992 

Amazing features and an amazingly low price 
make Tecplot TIlE BEST VALUE in interactive Scientific/ engineering data visuali­
zation software. From XY plots to 3D-surface contour plots, Tecplot can 
satisfy your plotting needs without costing you a bundle of money. Tecplot was 
originally developed by our engineers for their own use, For years we have been 
adding features that our competitors haven't even thought of. And our technical 
support is second to none. Call us for more information and a trial demo. 
Available on PCs and UnixIYM workstations. 6O-day money-back guarantee. 

Call 1·800·676·7568 
Amtec Engineering, Inc. 

p.o. Box 3633, Bellevue WA 98009 • 206-827-3304 • Fax 206-827-3989 

For More Information Circle No. 584 

dynamic array allocation supported by this 
compiler for the IBM/M8-DOS or OS/2 0p­
erating systems. The dynamic arrayalloca­
tion routines enable the user to match the 
number of fracture sets and test speci­
mens to the memory available. The re­
quired equipment includes an IBM PC­
compatible computer with optional math 
coprocessor. The output of the program 
is designed to fit 8O-column-format print­
ers. Executable codes for both DOS and 
OS/2 are provided. CARES/PC is distribut­
ed on one S.2S-in. (13.34-cm) 360K MS­
DOS-format diskette in compressed for­
mat. The expansion tool PKUNZIP.EXE is 
supplied on the diskette. CARES/PC was 
developed in 1990. 

IBM PC and OS/2 are trademarks of In­
ternational Business Machines Corp. MS­
DOS and MS OS/2 are trademarks of Mi­
crosoft Corporation. VAX is a trademark of 
Digital Equipment Corp. 

This program was written by S. A. 
Szatmary, J. P. Gyekenyesi, and N. N. 
Nemeth of Aerospace Design and Fabri­
cation, Inc., for lewis Research Center. 
For further information, Circle 99 on the 
TSP Request Card. LEW-15248 

~ Mechanics 

Analyzing Impacts 
of Meteoroids and 
Debris on Spacecraft 

Designs can be analyzed 
and optimized to minimize 
numbers of penetrations. 

BUMPERII is a modular computer pro­
gram that implements a numerical solu­
tion technique to calculate the probability 
of no penetration (PNP) of a spacecraft by 
orbiting artificial debris or impacts of me­
teoroids. The equation used to calculate 
the PNP is based on a Poisson-distribution 
model applicable to similar analysis of 
smaller craft, but reflects the more rigo­
rous mathematical modeling of the size, 
shape, orientation, and other characteris­
tics of a spacecraft that affect rmpacts and 
that are necessary for PNP analyses of 
such larger structures as components of 
a space station. The technique involves 
the consideration of the surface of the 
spacecraft in terms of a series of flat plate 
elements. The program divides the threat 
environment into a number of finite cases, 
then evaluates each element of each 
threat. The code allows for impact shield­
ing (shadowing) of one element by another 
in various configurations over the outside 
of the spacecraft, and for the effects of 
changing orientation of the spacecraft. 

BUMPERII comprises three main mod-

NASA Tech Briefs, May 1993 



ules: GEOMETRY, RESPONSE, and SHIELD. 
The GEOM~RY module accepts fin ite­
element-model representations of the size 
and shape of the spacecraft as specified 
by the user and creates geometry data 
bases for analysis with respect to mete­
oroids and analysis with respect to debris. 
Input to the GEOMETRY module is re­
quired to be in the SUPERTAB Universal 
File Format because the developers of the 
original BUMPER code used the finite­
element-model program SUPERTAB to build 
their mathematical models. 

The RESPONSE module creates wall­
penetration-response data bases - one 
for analysis with respect to meteoroids and 
one for analysis with respect to debris -
for as many as 100 unique wall configura­
tions. This module also creates a file that 
contains critical diameter as a function of 
impact velocity and impact angle for each 
wall configuration. 

The SHIELD module calculates the PNP 
for the modeled structure, given exposure 
time, operating altitude, ranges of inside 
diameters of elements, and the data from 
the RESPONSE and GEOMETRY data 
bases. The results appear in a summary 
file. SHIELD also determines the effective 
areas of the components and the overall 
model, and it can produce a data file that 
contains the probability of penetration per 
surface area for each element in the 
model. The SHIELD module writes this 
data file in SUPERTAB Universal File For­
mat so that threat-contour plots can be 
generated by use of a postprocessing fea­
ture of the finite-element-model program 
SUPERTAB. 

Users can perform sensitivity studies of 
two kinds. The effects of simple variations 
in orbital time, surface area, and flux can 
be analyzed by making changes in the 
terms that represent the average number 
of penetrating particles per unit time in the 
PNP equation. The program analyzes other 
changes, including model environment, 
surface area, and configuration, by rerun­
ning the solution sequence with new 
GEOMETRY and RESPONSE data. 

BUMPERII is written in FORTRAN 77 
for DEC VAX-series computers under VMS, 
and was written for use with the finite­
element-model code SUPERTAB as both 
a preprocessor and a postprocessor. The 
use of an alternate finite-element model 
necessitates either the development of a 
translator to change the data format or 
modification of the GEOMETRY subroutine 
in BUMPERII. This program is available in 
DEC VAX B<\CKUP format on 9-track, 1,600-
bit/in. (63D-bit/cm) magnetic tape (standard 
distribution medium) or on TK50 tape car-

tridge. The original BUMPER code was de­
veloped in 1988; the BUMPERII revision 
followed in 1991 . 

SUPERTAB is a former name for I-DEAS. 
I-DEAS Finite Element Modeling is a trade­
mark of Structural Dynamics Research 
Corp. DEC VAX is a trademark of Digital 
Equipment Corp. 

This program was written by Mike 
Bjorkman of The Boeing Co. for Marshall 
Space A ight Center. For further informa­
tion, Circle .65 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20). Refer 
to MFS-28565. 

G MalhemaUcs and 
~ InlOrmaUon SCIences 

Risk·Assessment 
Computer Program 

RISK Die allows for the 
subjectivity of risk assessment 
in early phases of planning. 

RISK DIC is a prototype computer pro­
gram that assists in attempts to do pro­
gram risk modeling for the Space Explora­
tion Initiative (SEI) architectures proposed 
in the SynthesiS Group Report. Risk assess-

HOW TO EXTEND 
YOUR CAD POWER 

With Generic CADD, you can put the power and productivity of CAD on every desk. From 
engineering to manufacturing to tooling and more, Generic CADD allows you to view, 

edit, export and print your valuable AutoCAD* designs, or sketch design concepts. Generic 
CADD runs on standard PCS, Macs, and laptops, util izing existing hardware. At $495, it's 

the economical way to extend CAD power. To learn why over 300,000 people have powered 
up with Generic CADD software, call 1-800-228-3601. 

Ask for Info Pak #A29. 

~~AUTODESK 

NFO 

II 
L..!....L..! 
GenefICCAOO 

V8f$IOnSO 

'(;enerkCAJ)O 6.0 and Generic [ADIl!", Macln""" 2.0 - Iood n3lM!AulllCAlllJWG dr. .. ,nK filesdlnoctl~ Cql)liKhII9'12 Alllocbk ReI!ul ProdUCIS. 
NI nKh" ."",,,<1. G.n.rlc CllJO is a ~ Ir .... narlc of AuIOOesk Re1lIiI ProdUCIS. AuIOCAl). AuIiXlesl<. and !he AuIOOesk "*" are regiSifred 
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ment is performed with respect to risk 
events, their probabilities, and the severi­
ties of potential results. RISK O/C enables 
the ranking, with respect to their effective­
ness, of risk-mitigation strategies to be 
proposed for an exploration program 
architecture. 

RISK o/C allows for the fact that risk 
assessment in early phases of planning 
is subjective. Although specific to the SEI 
in its present form, RISK o/C can be used 
as a software framework for the develop­
ment of risk-assessment programs for other 
specific uses. 

RISK o/C is organized into files, or 
"stacks," of information, including the ar­
chitecture, the hazard, and the risk-event 

stacks. Although predefined, all stacks can 
be upgraded by a user. The architecture 
stack contains information concerning the 
general program alternatives, which are 
subsequently broken down into waypoints, 
missions, and mission phases. The hazard 
stack includes any background condition 
that could result in a risk event. A risk event 
is anything unfavorable that could happen 
during the course of a specific point within 
an architecture, and the risk-event stack 
indicates the probabilities, consequences, 
severities, any mitigation strategies that 
could be used to reduce the risk of the 
event, and how much the risk is reduced. 

RISK D!C was developed for Macintosh­
series computers. It requires HyperCard 

All New! 
The first fully-automatic solid mesh generator 

that works from a surface mesh. 
Unlike others, Hypergen lets yQU precisely specify the mesh. This feature not only 
provides full control but also enhances Algor's fi t into your CAD/CAM environment. 

Using Algor, create the basic wireframe geometry, add surfaces 
and do intersections. You can exchange wireframe or surfaces 

A with major CAD/CAM systems'. The basic geometry and 
surfaces can be Fully Parametric allowing you to create your 
model faster and perform more design iterations in a given 
amount of time. 

Trim the surfaces to create the final part. Note the parameters 
B that determine the mesh density. You can exchange the model 

with maior CAD/CAM systems. 

Algor creates the surface mesh based on the parametric 
geometry and mesh parameters. No other system gives you 

C this full control over the final surface mesh. You can exchange 
this surface mesh with major CAD/CAM systems. If desired, add 
FEA loads and boundary conditions to the original surface mesh 
without effecting the solid mesh. 

Process the surface mesh through Hypergen to create the 3-D, 
D solid, tetrahedral mesh. We have removed some elements to 

highlight the tetrahedra. 

Display the final design. You control the mesh gradients for true 
E ' WYSIWYG' (what you see is what you get) results. Use Algor's 

EAGLE engineering environment for fully adaptive meshing. 

You can use this model for a wide variety of design options, or 
analyze it using Algor's full range of FEA processors. This 
example shows a von Mises Stress contour. Note the use of the 

F new "slice' command to see stress levels within the sol id model. 
You can export this model to any other vendor's finite element 
analysis program" using Algor's well documented neutral file 
format. 

• Imparl from and export 10 such systems as those from Parametric Technologies 
Corporation, Computervision, Autodesk, Aries Technology, Inc., IBM, SDRC, Inter­
graph . •• Such as systems from The MacNeal-Schwendler Corporation, Structural 
Research & Analysis Corp., Swanson Analysis Systems, Inc. , PDA Engineering. 
Copyright C 1993 Algor, Inc. 

Now every company can 
have world class design 
software with world class 
engineering built in. 
Algor is a world leader in engineer­
ing design and analysis software. 
More than 10,000 engineers in 50 
states and more than 60 countries 
prefer Algor software's modeling 
and engineering power. 

• Linear stress, vibration and natural 
frequency, steady-state and 
transient heat transfer, nonlinear 
heat transfer, steady-state and 
transient fluid flow, composi te 
elements, electrostatic 

• High-end nonlinear stress, 
vibration and natural frequency 
finite element analysis 

• ASME piping analysis with code 
checking 

• Kinematics .and rigid-body 
dynamics 

150 Beta Drive 
Pittsburgh, PA 15238-2932 USA 

412-967-2700 Fax: 412-967-2781 
In Califomia: 714-564-2541 

Europe (UK): +44 (784) 442 246 
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2.0 or later, as well as 2 Mb of random­
access memory and System 6.0.B or later. 
A Macintosh II-series computer is recom­
mended because of concerns of s~ed. 

The standard distribution medium for this 
package is one 3.5-in. (B.B9-cm), BOOK 
Macintosh-format diskette. RISK O/C was 
developed in 1991 and is a copyrighted 
work with all copyright vested in NASA. 

Macintosh and HyperCard are trade­
marks of Apple Computer, Inc. 

This program was written by William C. 
Dias and David S. Mittman of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 60 on the TSP 
Request Card. NPO-18740 

Image-Enhancement 
Program 

ENHANCETOOL contains 
a unique, useful com­
bination of algorithms. 

The ENHANCElOOL computer program 
has the capabilities for interactive enhance­
ment of digital images. While such capa­
bility is not unique, ENHANCElOOL in­
cludes a particularly useful combination 
of algorithms that do not exist elsewhere 
in a single interactive program. This soft­
ware package also provides a means 
through which additional image-enhance­
ment algorithms can easily be integrated 
and made available to the user. 

ENHANCElOOL enables the researcher 
to perform a variety of enhancements on 
digital images. It can handle local and 
global contrast enhancements, histogram 
modifications, and lookup-table transfor­
mations of an image. The user can modify 
the image in the following ways: long­
range modification, automatic linear con­
trast stretch, logarithmic transformation, 
square-root transformation, digital nega­
tive, intensity-level slicing, histogram 
equalization, histogram specification, and 
application of specific color lookup tables. 
As these modifications are applied, both 
the original image and the modified image 
are displayed, enabling simple comparison. 
When needed, the enhancement parame­
ters are specified by the user. Otherwise, 
the enhancement is done immediately fol­
lowing selection. 

ENHANCETOOL is written in C language 
for Sun-series computers that have color­
or gray-scale-display capabil ities and that 
run Sunview or OpenWindows under 
SunOS. No binaries are included with this 
distribution. ENHANCETOOL requires 200K 
of random-access memory for execution. 
The standard distribution medium is a 0.25-
in. (6.35-mm) streaming-magnetic-tape 
cartridge in UNIX 1ar bmat. ENHANCElOOL 
was developed in 1991. 

Sun, Sunview, OpenWindows, and SunOS 
are trademarks of Sun Microsystems, Inc. 
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UNIX is a registered trademark of AT&T 
Bell Laboratories. 

This program was written by Christine 
G. Matthews of Computer Sciences Corp. 
and Kathryn Stacy of Langley Research 
Center. For further information, Circle 94 
on the TSP Request Card. 
LAR·14748 

Program for Workload 
and Performance 
Experiments 
MAT provides benchmark 
tasks analogous to those 
of aircraft crewmembers. 

The Multi-Attribute Task (MAD bat­
tery of computer programs gives the re­
searcher the capability of performing ex­
periments in multitask workloads and 
performances. The battery provides a 
benchmark set of tasks for use in a wide 
range of laboratory studies of operator 
performance and workload. MAT incor­
porates tasks analogous to activities that 
aircraft crewmembers perform in flight, 
while providing a high degree of experi­
ment control, performance data on each 
subtask, and freedom to use non pilot 
test subjects. 

The primary display of the MAT bat­
tery is composed of four separate task 
windows as follows: a monitoring task 
window, which includes gauges and 
warning lights; a tracking task window 
for the demands of manual control; a 
communication task window to simu­
late air-traffic-control communications; 
and a resource-management task win­
dow, which enables the maintenance 
of target levels on a fuel-management 
task. In addition, a scheduling task win­
dow gives the subject information about 
future task demands. The battery also 
provides the option of manual or auto­
mated control of tasks. Each task gen­
erates performance data for each sub­
,task. A battery of tasks can be made to 
pause, and during the pause, work­
load-rating scales can be presented to 
the subject on the display unit. 

The MAT battery was designed to use 
a serially linked second computer to gen­
erate the voice messages for the com­
munication task. The MA TREMX program 
and support files, which are included in 
the MAT package, were designed to 
work with the Heath Voice Card (Model 
HV-2000, available through the Heath 
Co. , Benton Harbor, Michigan 49022); 
however, the MATREMX program and 
support files can be modified easily to 
work with other voice-synthesizer or di­
gitizer cards. The MAT -battery-task com­
puter can also be used independently 
of the voice computer if no computer­
synthesized voice messages are de-
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sired or if some other method of pre­
senting auditory messages is devised. 

is included on the distribution diskette. 
MAT was developed in 1992. 

MAT is written in QuickBasic and As­
sembly language for IBM PC series and 
compatible computers running MS-DOS. 
The code in MAT is written for Micro­
soft QuickBasic 4.5 and Microsoft Mac­
ro Assembler 5.1. This package requires 
a joystick and EGA or VGA color graph­
ics. An 80286-, 386-, or 486-proces­
sor computer is highly recommended . 
The standard distribution medium for 
MAT is a 5.25-in. (13.34-cm), 360K disk­
ette in MS-DOS format. The files are 
compressed by use of the PKZIP file ­
compression utility program. PKUNZIP 

IBM PC is a registered trademark of 
International Business Machines Corp. 
MS-DOS, Microsoft QuickBasic, and Mi­
crosoft Macro Assembler are registered 
trademarks of Microsoft Corp. PKZIP 
and PKUNZIP are registered trademarks 
of PKWare, Inc. 

This program was written by J. 
Raymond Comstock, Jr., of Langley Re­
search Center and Ruth J. Arnegard 
of Old Dominion University. For further 
information, Circle 34 on the TSP Re­
quest Card. 
LAR-14904 

ARE YOU SPENDING 
TOO MUCH TIME 

DRAWING FLOWCHARTS? 
YOU NEED FLOW CHARTING ™3. 

Every day, professionals worldwide save time 
and money using Flow Charting 3. It's fast, 
efficient, easy to use, and always produces 
presentation-perfect charts and diagrams. 

With Flow Charting 3's built-in flexibility, 
you can create customized charts using a 
variety of shapes, line , and text-
placed where you want them. 

Plus, Flow Charting 3 is now available in a 
LAN version. Making it easy to hare files and set 
up work groups for specific projects. 

And it's backed with free technical support and a 
90-day no-risk guarantee. So if you're spending too 
much time drawing charts, call for a free demo and 
see for yourself what makes Flow Charting 3 the 
best-selling flowcharting software. 

u 
o 

See your dealer today! Or for a 
free interactive demo disk,call 
1-800-525-0082, ext. 282 
International: 408-778-6557 , ext. 282 

1'A1I1M'I«1I1M 
Software Corporation 

NoveU is a rt.&~lend Il1IIdc.mark or oveU, Inc. 
Excellence in charting the flow of ideas! 

Patton & Patton Software Corp. 485 Cochrane Circle, Morgan Hill , CA 95037 

For More Information Circle No. 499 
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Mechanics 

Optical Shaft-Angle Encoder for Helicopter Rotor 
The angular position of a helicopter rotor blade is determined precisely. 

Langley Research Center, Hampton, Virginia 
In nOise-analysis research regarding the 

rotation of the main rotor blade of a heli­
copter, it became necessary to correlate 
noise with the exact position of the blade. 
In order to do this, a method was devised to 
determine the position of the blade at any 
time precisely. This was accomplished by 
the use of an optical shaft-angle encoder 
called the " 256 Ring " on the rotor 
swashplate. 

Each 360" rotation of the helicopter 
main rotor was broken down into 256 re­
flective segments. 1.40625° each, by fabri­
cating a ring of fiberglass printed-circuit 
material with 256 segments etched and 
nickel-plated on one surface (see figure). 
The ring was mounted on the rotor swash­
plate. k3 the rotor rotates, a beam of light is 
reflected in turn from each segment into an 
optoelectronic system. One of the 256 
segments reflects a larger pulse than the 
others do. The position of the rotor can thus 
be determined by counting the number of 
pulses after this reference pulse. 

Two rings of different size, for different 
helicopters, have been flown for over 100 
hours. The flight tests were highly suc­
cessful. One ring was flown at a maximum 
speed of 500 rpm with a maximum rota­
tional-position error of ± 0.075°. The other 
was flown at a maximum of 350 rpm, with 
a maximum rotational-position error of 
± 0.014°. While swash plate mounting re-

The Reflective Surfaces of 256 Segments enable precise determination of the rotational po­
sition of the rotor blades. 

quirements may be unique to each type of 
helicopter, this concept is applicable to all 
types of rotorcraft. 

This work was done by Robert A. Golub 
and Fred Fitzpatrick of Langley Research 

Center and Dale V. Dennis and Bryant D. 
Taylor of Planning Research Corp. No fur­
ther documentation is available. 
LAR-14123 

Compliant Gearing for Redundant Torque Drive 
Elastomeric bearings make torque loads more nearly equal. 

Lewis Research Center, Cleveland, Ohio 
A set of elastomeric bearings consti­

tutes a springy coupling between a spur 
gear and a drive shaft. The gear, bearings, 
and shaft are parts of a split·drive (redun­
dant) mechanical transmission, and the 
compliance of the coupling helps to distrib­
ute torque nearly equally along the load 
paths of the split drive. Compliance is nec­
essary because without it, even slight de­
viations in the dimensions of the redun­
dant gears can cause grossly unequal 
sharing of loads. Indeed, in the absence 
of compliant coupling, the gears along one 
load path can assume the entire load while 
thqse along another load path can free­
wheel. Thus, the advantage of reduced 
loads on gear teeth is lost. 

The figure illustrates one version of the 
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shaft/bearing/gear assembly. An inner, con­
centric elastomeric bearing lies between 
a central drive shaft and an extension of 
a ring spur gear. A set of padlike outer 
elastomeric bearings joins outward protru­
sions on an extension of the drive shaft 
with facing inward protrusions on the ring 
spur gear. 

The inner elastomeric bearing has high 
radial stiffness and low circumferential 
stiffness. This bearing centers the ring 
spur gear on the axis of the drive shaft and 
provides compliance in a circumferential 
direction. In a representative design of 
a redundant helicopter transmission, it 
should be at least 0.5 in. (1.27 cm) thick 
so that it transmits little torque. 

The outer elastomeric bearings, in con-

trast, have low radial stiffness and high cir­
cumferential stiffness. They thus transmit 
torque effectively between facing protru­
sions. Nevertheless, they are sufficiently 
compliant circumferentially to accommo­
date the desired amount of circumferen­
tial displacement [up to Y16 in. (1 .6 mm) 
in the helicopter application]. 

The process of assembling the com­
pliant gearing begins with the pressing of 
the inner elastomeric bearing onto the 
drive shaft. Then, with the help of an align­
ment tool , the ring spur gear is pressed 
onto the inner elastomeric bearing. The 
outer elastomeric bearings are ground to 
fit the spaces between the protrusions and 
bonded in place on the protrUSions. As an 
alternative to bonding, the entire assembly 
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SOLUTIONS 

FOR SECURELY 
LATCHING A 
DOOR AND 

COMPRESSING 
A GASKET. 

Southco's full line of access hardware 
includes hundreds of compression 
latches in a wide range of materials, 
sizes, finishes, colors, and styles to 
satisfy your design requirements. 

There's probably a standard 
Southco Compression Latch waiting 
to solve your need to • consistently 
compress EMIIRFI shielding and 
environmental gasketing • provide 
positive latching. allow fust access 
• install quickly • resist tampering 
• provide multiple·point com· 
pression. present a flush profile 
• adjust to varying panel thick· 
nesses • resist vibration and rattle 

Southco is a designer and manu­
facturer of access hardware, a partnering 
vendor providing innovative solutions 
to customers' design challenges. 

SOlJI1{CO, INC. 
232 Brinton Lake Road 
Concordville, PA 19331 
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can be potted in a soft matrix that holds 
the outer bearings in place but allows rota­
tion with little restraint. 

This work was done by C. Isabelle and 
J. Kish of United Technologies Corp. for 
Lewis Research Center. For further in-

formation, Circle 22 on the TSP Request 
Card. 
LEW-15035 
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Drive-Shaft 
Extension 

Ring 
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SECTION A-A 

Drive 
Shaft 

Axi s of 
Drive Shaft 

Elastomeric Bearings couple a drive shaft with a ring spur gear. The inner elastomeric bearing is radially stiff and circumferentially com­
pliant, wh ile the outer elastomeric bearings are circumferentially stitf and radially compliant. The combination accommodates minor varia­
tions in the dimensions and placements of gears, shafts, and other components. 

instead ofhydraulic fluid. tames rough 
The smooth-sliding piston fits so precisely inside its motion, you have to hold it in your and feel it work. 

Pyrex®cylinder, it needs no seals. And because it's made Which is why we invite you to send for our free demon-
of graphite, it needs no lubrication. Ever. strator: a genuine Airpot dashpot. Just mail your business 

With no hydraulic fluid to leak out and no seals to card to Airpot Corporation, Free Demonstrator, 35 Lois 
wear out, the infinitely adjustable Airpot®Dashpot Street, Norwalk, cr 06851 
can soak up unwanted motion indefinitely- Air~t· Or call us at 1-800-848-7681 

We make what you make run smoother. 
Works. 
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All Packed And Ready To Go ... Anywhere! 
If you need up to 5 kV of first class DC voltage at 300 watts and 

a power supply design that complies with IEC/CSA 950 
and UL 1950 international standards. the MR Series 
of high voltage modules are just your ticket. .. ~ 
at a business class price! Five models with 
full scale outputs from I kV to 
5 kYo ripple less than 0.02% RMS 
of rated voltage. voltage regu­
lation better than 0.005% from 
short circuit to rated voltage. and 
a rapid 2 ms response to a 50% 
load transient. 

Overload protection. including pro­
tection from arcs and shorts. is auto­
matic with a crossover from constant 
voltage regulation to current control. 
Current control can be user-configured 
for constant current regulation ... better 
than 0.1 % of rated current from short 
circuit to rated voltage ... or current trip. 
to turn the output off in the event of an 
overload. Provisions for an external safety 
interlock and TIL enable/disable. Local and 
remote control and external monitoring are 
standard. of course. 

Choice of output connectors. SHY connector for RG-59 
cable. shown on left. or Alden connector for unshielded 
silicone-covered wire. 

Measuring just 3.38" (85 mm) H x 7.25 (184) W x 16 
(406) D and weighing less than 11 lbs (5 kg) ... thanks to 
Glassman-featured air insulation ... the MR Series travels 
light. And it's fully supported by a three year warranty 
and factory service available on 3 continents. 

Make a reservation today with your local Glassman 
office or distributor for all the details on the new MR 
Series. as well as 14 other series of high voltage power 
supplies. covering I kV to 500 kYo 15 W to 15 kW. 

Innovations in high voltage power supply technology. 

GLASSMAN HIGH VOLTAGE INC. 

GLASSMAN U.S.A. 
Glassman High Voltage. Inc. 
p.0. Box 551 
Route 22 East 
Salem Industrial Park 
Whitehouse Station, NJ 08889 
U.S.A. 
'Telephone: (908) 534-9007 
TWX: 710 48D-2839 
FAX: (908) 534-5672 

For More Information Circle No. 544 

GLASSMAN EUROPE 
Glassman Europe Limited 
Studio 4 
Intec 2 
Wade Road 
Basingstoke 
Hampshire RG240NE 
England 
'Telephone: (0256) 810808 
FAX: (0256) 810815 

GLASSMAN JAPAN 
Glassman Japan High Voltage Limited 
Thira Building 
1-17. Thira I-chome 
Miyamae-ku, Kawasaki 216 
Japan 
'Telephone: (044) 877-4546 
FAX: (044) 877-3395 



Open-Mode Delamination in Horseshoelike Specimens 
The open-mode-delamination 
stresses are concentrated 
in the bends. 

Ames Research Center, 
Moffett Field, California 

t 

1 

Flat Plate 
Specimen 

Tests to determine the open-mode-de­
lamination stresses of laminated compos­
ite materials can be improved by the use 
of horseshoelike (instead of semicircular) 
curved bar specimens: this is a conclusion 
drawn from a recent theoretical analysis 
of the stresses in such specimens. The 
delamination stress of a given laminate is 
the purely tensile stress, perpendicular to 
the planes of the layers, that suffices to 
pull its laminae apart. The horseshoelike 
specimens are needed to overcome the 
deficiencies of specimens of tvlO older 
types (see Figure 1): In the case of a flat 
plate specimen, it is difficult to maintain 
the required parallelism between the 
platens that are bonded to the outer lam­
inae, and the bond between the specimen 
and a platen can be broken before delami­
nation occurs elsewhere. In the case of 
a semicircular specimen, the shear stress­
es at the ends can be large enough to 
cause shear-mode delamination prior to 
open-mode delamination. 

Two horseshoelike specimen shapes 
Figure 1. Flat Plate and Semicircular Bar Specimens are not well suited for the open­
mode delamination tests. 
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judges and the awards presented at the Fourth Annual 
Technology Transfer Awards Dinner, to be held Decem­
ber 8, 1993 at the Anaheim, Calif. Marriott Hotel. The 
Awards Dinner is the central event of the Technology 
2003 National Tech Transfer Conference and Exposition 
(Dec. 7-9, 1993, Anaheim Convention Center). 

Letters of nomination must include the organization's 
name and address, a contact and phone number, and a 
150-200 word description of the commercialized product 
or process, focusing on its importance (such as its eco­
nomic or social impact) and novelty in the marketplace. 
The description also should highlight the federal 
government's role in the technology's development and 
transfer. Supporting materials may be included with the 
letter of nomination. 

DEADLINE FOR NOMINATIONS IS SEPTEMBER 1,1993. 
All nominees will be notified by October 1. 

MAIL NOMINATIONS TO: 
Technology Utilization Foundation, 1993 Awards, 

41 East 42nd St., #921, New York, NY 10017, or fax to: (212) 986-7864. 

QUESTIONS? CAll WENDY JANIEL AT (212) 490-3999. 
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Figure 2. These Horseshoelike Curved Bar Specimens have better geometries for the 
open-mode delamination tests. 

have been proposed: one with a semicir­
cular midsection and straight end sections, 
and one that is essentially half of an ellipse 
that has been cut along its minor axis (see 
Figure 2). These shapes are suitable for 
both solid and sandwich laminates. As in 
the case of a semicircular bar specimen, 
the highest open-mode delamination 
stress occurs at a point within the thick­
ness at the mid length of the specimen (at 
the middle of the bend). 

The depth of the point of maximum de­
lamination stress and the magnitude of this 
stress depend on the geometry of the 
specimen and the properties of the ma­
terial(s). They can be computed analytical­
ly by use of a theoretical model of bend­
ing of a multilayer semicircular bar (in the 
case of the semicircular midsection) or by 
a finite-element structural-analysis com­
puter program (for the elliptical specimen). 
By suitable choice of the length of the 
straight sections, which serve as moment 
arms, one can make the peak delamina­
tion stress several times as large as the 
peak shear stress. A similar effect can be 
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produced in an elliptical specimen by de­
creasing the ratio between the minor and 
major axes. 

Calculations show that an elliptical horse­
shoe bar concentrates the delamination 
stress slightly more than a semicircular/ 
straight bar does. A semicircular/straight 
bar specimen could be used to determine 
both the delamination strength of a solid 
laminate and the debonding strength of a 
sandwich laminate. An elliptical bar spec­
imen is not suitable for determining the 
debonding strength of a sandwich laminate. 

This work was done by W L. Ko and R. 
H. Jackson of Ames Research Center. 
Further information may be found in NASA 
TM-4164 [N90-16004]. "Open-Mode Oe­
lamination Stress Concentrations in Horse­
shoe and Elliptic Composite Curved Bars 
Subjected to End Forces." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. ARC-13115 
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Equations for Elastohydrodynamic Lubrication of Bearings 
Complicated calculations for rolling-element bearings are reduced to simple terms. 

Lewis Research Center, Cleveland, Ohio 
The equation for the thickness of an 

elastohydrodynamic (EHD) lubricant film 
in a rolling-element bearing has been re­
duced to a simplified form that involves on­
ly the inside and outside diameters of the 
bearing, the speed of rotation, a parameter 
related to the type of lubricant, and the 
viscosity of the lubricant at the tempera­
ture of the bearing. In addition, there has 
now been made available, for the first time, 
an experimentally derived graph of an EHD­
film-thickness-reduction factor as a func­
tion of the contact-lubricant-flow number. 
This reduction factor accounts for lubricant 
starvation within the Hertzian contact. A 
graph that relates the ratio of minimum film 
thickness to the composite roughness of 
the bearing surfaces and to a lubrication­
life correction factor has also been provid­
ed. The life-correction factor is used to de­
termine the resultant life of the bearing. 

The equation for the theoretical thick­
ness, hc' of an EHD film is as follows: 

hc "" kh(OD-ID)0.32[N(OD+ 
ID)]0.68Z00.68 GO.49 

where 
he = central or average thickness, of the 

EHD film, in. 

kh = EHD film factor, in.1.36/lbo.68 

OD = outer diameter, of bearing. in. 
ID = inner diameter of bearing (diameter 

of bore), in. 
N = speed, rpm 
Zo = absolute viscosity, cP 
G = a parameter that depends on the 

lubricant material and on the 
temperature. 

For OD, ID, and hc in inches, kh = 3.Bx 
10-11 ; for OD and ID in millimeters and 
hc in inches, kh = 1.49xlO-12. 

The theoretical thickness of the film, 
hc' is reduced by the inability of the lubri­
cant to flow into the contact zone of the 
bearing at a rate necessary to supply the 
volume required to establish the theoret­
ical film thickness. Figure 1 shows the 
EHD-film-thickness-reduction factor as a 
function of the contact lubricant-flow num­
ber. The contact-lubricant-flow number is 
defined as follows: 

(
00+10) 

GU "" kGaZON 00-10 

where: 
U = speed parameter 
kG = lubricant flow factor, min/cP 
a = pressure-viscosity exponent, psi-1 

B 1.0 g Region of 
u. Full Film 
.2 0.8 
U 
::> 
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~0.4 
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'" <.l 

i5 0.2 

~ 
~ O~~wu.-u~m-~~~~ww 
o 10- 8 
:I: 
W Dimensionless Contact-Lubricant-Flow 

Number, GU 
Figure 1. The EHD-Film:rhickness·Reduction 
Factor varies with the dimensionless con­
tact-lubricant-flow number. 

For a in square inches per pound, kG = 
1.52 x10 -10 min/cP An estimate of the 
reduced thickness, h~, of the EHD film in 
the central region ot'the Hertzian contact 
zone is then found by multiplying hc by 
the EHD-film-thickness-reduction factor. 

One measure of the effectiveness of the 
lubricant film is the lubricant-film param­
eter, A = h ~I (J, where (J denotes . the 
composite roughness of the surfaces of 
the rolling elements. Usually, 

The I ebics Model 760. 
It goes where you go, 
works where you work. 



( )
Y2 a = a;+ a; 

where a1 and a2 denote the root-mean­
square roughnesses (in inches) of the 
surfaces of two rolling elements in con­
tact with each other. For most commer­
cial off-the-shelf bearings, a can be taken 
as 10 /tin- (0_25 /tm) . For most aerospace 
bearings, a can be taken as 5 /tin. (0.13 
/tm). For very large industrial bearings, a 
can be taken as 25 /tin. (0.64 /tm). 

Figure 2 shows the effect of the thick­
ness of the lubricating film on the life of 
the bearing. The life-correction factor ob­
tained from this figure can be used to ad­
just the life of the bearing calculated ac­
cording to a method promulgated by the 
innovator in 1986. 

This work was done by Erwin II Zaretsky 
of Lewis Research Center. Further infor­
mation may be found in NASA TM-102575 
[N9(}22041], "Bearing Elastohydrodynamic 
Lubrication: A Complex Calculation Made 
Simple." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
LEW-15185 

Figure 2. The Life-Correction Factor is a 
function of the lubricant-film parameter, A, 
which is the ratio of the minimum thickness 
of the EHD film to the composite roughness 
of the bearing surfaces. 
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Modified Composite Struts Would Damp Vibrations 
The modified struts could be fabr icated more easily. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Composite-material (fiber/matrix lami­
nate) struts that damp longitudinal vibra­
tions could be fabricated more easily in 
a proposed new design. The prior design 
was descri bed in " Composite Struts 
Would Damp Vibrations" (NPO-17914), 
NASA Tech Briefs , Vol. 15, No. 4 (April , 
1991), page 79. 

The principle of operation of a vibration­
damping composite strut was explained 
in more detail in the noted prior article. The 
basic idea is to exploit (1) the anisotropic 
mechanical properties of two (or more) 
fiber/matrix layers and (2) the coupling be­
tween these layers and an intervening 
layer or layers of viscoelastic material. In 

the prior design (see figure), the fibers in 
the two (or more) fiber/matrix layers would 
be laid out in OPPOSing chevron patterns. 
At any given location along the strut , a 
longitudinal tension or compression load 
would cause the two (or more) chevron 
plies to twist in OPPOSite directions about 
the longitudinal axis, thereby generating 
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CHEVRON PATIERN 
(PRIOR DESIGN) 

Outer Ply Inner Ply 

SINUSOIDAL PATTERN 
(PROPOSED DESIGN) 

The Proposed New Design of a damping strut is similar to the 

prior design, except that the pattern of fibers includes rounded 

bends (instead of sharp bends) in the fibers . The rounded-bend 
pattern can be fabricated more easily. 

NASA Tech Briefs, May 1993 
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How? With hardware data com­
pression that can boost capacity by 
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shear stresses in the viscoelastic layer(s). 
The stresses and energies of longitudinal 
vibrations would thus be channeled into 
the viscoelastic layer(s), where they would 
be dissipated. 

The chevron pattern is useful for theo­
retical analysis and performance tradeoffs 
among alternative proposed designs, but 
is not practical because of its sharp bends 
in the fibers. In the proposed design, the 
pattern would be sinusoidal. The sinusoidal 
pattern can be fabricated more easily. The 
basic principle of operation is the same 
as in the case of the chevron pattern, 
though the details of the local anisotropy 
and damping response are different. 

Theoretical analysis with numerical ex­
amples shows that the sinusoidal pattern 
would produce a little less coupling of de-

Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number is 
cited; otherwise they are available from the 
National Technical Information Service. 

Repeated Torque Cycles 
Reduce Bolt Preload 

Thread surfaces deteriorate 
after only a few cycles. 

A report describes an experiment to de­
termine the effect of repeated torque cy­
cles upon the preload (tensile force) ap­
plied by a bolt tightened to a given torque. 
The results of the experiment indicate that 
the preload attainable at a given torque de­
creases on subsequent cycles. 

The experiment was performed on a 
high-strength, heat-treated, A-286 stain­
less-steel, Tls-in.-24 UNF (approximate 
metric equivalent 7.94-mm diameter, 1.06-
mm pitch; not a standard metric thread) 
hexagon-head bolt, which had a minimum 
ultimate tensile strength of 2 x 105 psi (1.4 
GPa). A piezoelectric force transducer with 
a central through hole was stacked be­
tween two steel plates with through holes, 
a hardened steel washer was placed un­
der the bolthead, the bolt thread was 
sprayed with molybdenum-based lubri­
cant, and the bolt was inserted through the 
stack. The bolt engaged a steel nut held 
in the lower steel plate. 

The bolt was tightened in increments 
of 50 Ib·in. (5.7 N·m) by use of a dial-indi­
cator torque wrench. At each torque set­
ting, the tensile force applied by the bolt 
was measured. After the measurement at 
a torque of 250 Ib·in. (28 N·m), the bolt 
was loosened. This sequence of opera­
tions was then repeated seven more times 
(for a total of eight torque cycles). 

The measurement data show that the 
preload at each torque setting decreased 
from the first to the second cycle, then re­
mained about the same through the fourth 

84 For More Information Circle No. 605 

formations into the viscoelastic layer than 
does a comparable chevron pattern. How­
ever, the resulting decrease in damping 
could be offset by selection of the various 
geometrical parameters and specifications 
of materials in the design. A typical optimal 
combination of parameters should result 
in a damping factor between 10 and 25 
percent - about the same as that of a 
chevron pattern and of an older damping­
member design called "constrained-layer 
damping treatment," which requires the 
additional weight of a constraining layer. 

This work was done by Gun-Shing Chen 
and Benjamin P. Dolgin of Caltech for 
NASA's Jet Propulsion laboratory. For 
further information, Circle 108 on the TSP 
Request Card. 
NPO-18354 

cycle, then fell on the fifth through eighth 
cycles. The overall average decrease in 
preload after eight cycles was 29.8 per­
cent. The data can be interpreted as mean­
ing that the threaded surfaces deteriorate 
after only four cycles. 

The report concludes, among other 
things, that if cost is not an overriding con­
Sideration, it could be desirable to replace 
threaded fasteners after four torque cycles. 
Where replacement is not cost-effective, 
the torque setting could be increased (up 
to the maximum safe value) on the next 
torque cycle to compensate for the loss 
of preload at the previous setting. There­
fore, experiments like this one should be 
performed on fasteners of various grades 
and materials to quantify the preload-re­
duction factors for many applications. 

This work was done by Richard A. Akian 
of Rockwell International Corp. for Mar· 
shall Space Flight Center. To obtain a 
co{y/ of the re{X)rt, "The Effect of Repeated 
Torquing on Bolt Preload and Torque Coef­
ficients," Circle 56 on the TSP Request 
Card. MFS-29878 

Simulations of 
Three·Dimensional 
Flow With Separation 

Navier-Stokes computations 
of flows over protruding 
fins are presented. 

A report discusses numerical solutions 
of the Navier-Stokes equations for viscous 
supersonic flow over a fin protruding from 
a flat plate. liNo types of configurations are 
considered: one with a wedge-shaped fin 
(sharp edge facing upstream), the other 
with a blunt (rectangular parallelepiped) fin. 
Only steady flows are considered: these 
include laminar flows and flows that are 
turbulent but otherwise steady in the mean. 
These computations were performed to 
study phenomena involved in separations 
of three-dimensional flows. 

NASA Tech Briefs, May 1993 



To prepare the reader for the subsequent 
discussion, some general concepts of sep­
aration of three-dimensional flow are first 
briefly reviewed. In particular, descriptions 
in terms of bubbles vs. free-vortex layers 
and open vs. closed separations are em­
phasized. The rest of the report is devoted 
to the discussion of the results of the com­
putations. Various computations were per­
formed, using the same number of grid 
points but changing the spacings of the 
computational grid to investigate the ef­
fects of grid resolution on the origin of the 
line of separation. Various shock strengths 
were used to study the scrcalled separated 
and unseparated boundary layer and to 
establish the existence or absence of sec­
ondary separation. The length of separa­
tion ahead of the blunt fin, bifurcation of 
a horseshoe vortex, and the accessibility 
of a closed-type separation were investi­
gated. The usual interpretation of the flow 
field from previous studies and new inter­
pretations arising from these simulations 
are discussed. 

The numerical results demonstrate that 
in the case of the sharp fin , the resolution 
of the computational grid can affect the 
type of the separation: For the coarse grid, 
the separation is open type. As the grid 
near the leading edge is refined, the start­
ing point of the open-type separation moves 
upstream, and eventually the separation 
becomes closed. 

On the basis of computed surface-par­
ticle traces, no secondary separation was 
found in this study. A secondary oil-ac­
cumulation line observed in a previous ex­
perimental study is conjectured to be a 
demarcation between regions of high and 
low surface skin friction. A calculation with 
a 2° wedge angle shows no obvious line 
of convergent particle traces, and the 
turning angles of skin-friction lines are 
found to be smaller than the glanCing 
shock angle. This is conventionally inter­
preted as an attached flow. However, in 
a close examination of the particle traces 
near the apex, it appears that the flow is 
separated, and the structure is topological­
ly the same as that of flow field around 
the blunt fin. 

The following conclusions are drawn 
from the computations for the blunt fin : 
• The length of separation is about 5.2 D 

(where D = the thickness of the fin), 
compared with about 2.0 to 2.5 D for a 
hemicylindrical fin, and this agrees with 
experimental observations. 

• Even though there is a "kink" in the 
pressure distribution, the main horseshoe 
vortex bifurcates into two, and there is no 
secondary separation under the main 
horseshoe vortexes. In this case, three 
vortexes are present. Therefore, one can 
conclude that the number of vortexes is 
not always an even number. 

• For the case investigated, the separation 
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point is connected to the inner (down­
stream) horseshoe vortex, rather than the 
outer (upstream) one. Four layers of fluid 
are entrained into three vortexes. 

ized as vortex sheets of various kinds. In 
general, in the three-dimensional case, 
an attachment is not the reverse of a 
separation, or vice versa. 

• The concept of a closed three-dimen­
sional separated region being inaccessi­
ble is valid only in the limit of particles 
moving near the surface of the fin/plate 
body. The flow particles above the sur­
face gain access to the separated region 
through the attachment node and the 
spiral nature of the separation. Indeed, 
there is no three-dimensional separation 
that is totally closed by a separation sur­
face: there must be some fluid flowing 
in and some fluid flowing out. All three-di­
mensional separation can be character-

This work was done by Ching-Mao Hung 
of Ames Research Center. Further infor­
mation may be found in NASA TM-102266 
[N90-13353], "Computation of Navier­
Stokes Equations for Three-Dimensional 
Flow Separation." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
ARC-12745 
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Machinery 

Magnetostrictive Roller-Drive Stepping Motor 
Advantages would include high torque. ;:;recision, and fail-safe braking. 

Goddard Space Flight Center, Greenbelt, Maryland 

A proposed motor based on the mag­
netostrictive effect would provide stepped 
angular motion with angular increments 
of the order of 100 microradians. It could 
be driven to repeat the stepping cycle 
rapidly enough to achieve a maximum 
speed of about 20 rpm, would provide 
torque an order of magnitude greater than 
that of existing electric motors, and would 
brake itself when power is turned off. Thus, 
it would be particularly suitable for precise, 
high-torque, fail-safe-braking, direct drive 
of a robot joint, without the bulk and weight 
of an additional brake mechanism and 
gear train. 

Eight electromagnets in groups of four 
near the ends of the motor (see figure) 
would be the sources of incremental an­
gular motion. The cores of these electro­
magnets would be magnetostrictive rods, 
each of which would expand slightly when 
the electromagnet coil surrounding it was 
energized. 10 produce an incremental clock­
wise (as shown in the top view in the figure) 
rotation, coils A and D at the top end (and 
corresponding coils at the bottom end) 
would be energized, causing the magneto­
strictive rods in them to expand slightly 
against a drive plate, which, in turn, would 
slightly compress the rods in unenergized 
coils Band C. The slight expansions of 
rods A and 0 would cause a slight clock­
wise rotation of the drive plate and of the 
upper half of an outer drive ring connected 
to the drive plate. 

Cam surfaces on the inside of the up­
per half of the drive ring would force an 
upper set of conical rollers against similar 
cam surfaces on the outside of the upper 
half of a split drum attached to a drive 
shaft. Thus jammed between the upper 
halves of the drive ring and the split drum, 
the upper set of conical rollers would 
transmit clockwise torque and the incre­
mental clockwise motion to the split drum 
and drive shaft. 

A similar, lower set of conical rollers 
would transmit incremental counterclock­
wise motion when coils Band C (and the 
corresponding coils at the other end) were 
energized. Pairs of upper and lower rollers 
would be spring-loaded against their re­
spective cam surfaces. While coils A and 
o were energized, a lower annular magne­
tizing coil would also be energized to pull 
a magnetizable plate upward against the 
slightly protruding lower ends of the lower 
conical rollers, thereby lifting the lower 
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Magnetostrictive Rods in electromagnet coils would push against the drive plate, 
causing it to rotate slightly. This slight rotation would jam conical rollers between cam 
surfaces on the outer drive ring and the split drum, so that the rollers would transmit 
the rotation to the drum. 

conical rollers out of contact with the ad­
jacent cam surfaces. This would prevent 
the lower conical rollers from jamming in 
the counterclockwise-torque-transmitting 
position and interfering with the clockwise 
motion. A similar upper annular magnetiz-

ing coil and plate would be energized dur­
ing an increment of counterclockwise mo­
tion to prevent interference by the upper 
conical rollers. 

When no power was applied, the springs 
would force all sets of conical rollers 
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against their respective cam surfaces. Thus, any attempt to 
rotate the shaft clockwise or counterclockwise would be 
desisted by jamming of the lower or upper rollers, respective­
ly. An increase in the applied torque would cause tighter jam­
ming, with consequent increased resistance to turning. 

This work was done by John M. Vranish of Goddard 
Space Flight Center. For further information, Circle 8 on the 
TSP Request Card. 

This invention is owned by NASA, and a patent applica­
tion has been filed. Inquiries concerning nonexclusive or 
exclusive license for its commercial development should be 
addresses to the Patent Counsel, Goddard Space Flight 
Center [see page 20j. Refer to GSC-13369. 

Electrostatically Enhanced 
Vortex Separator 
Small particles would be removed from 
gas flowing at high pressure. 

NASA's Jet Propulsion Laboratory, 

Pasadena, California 
A proposed device would remove fine particles (e.g., fly 

ash) from the high-pressure exhaust gas of a chemical reac­
tor. Gas without particles would then be released to the 
atmosphere. 

The device (see figure) would effect a combination of 
electrostatic and vortex separation. The exhaust duct would 
narrow just upstream of a vortex generator, and just 
upstream of this constriction, plate electrodes on the sides of 
the duct would induce positive electrostatic charges in the 
particles. 

Sectors of rotating disks on the sides of the vortex gener­
ator would be charged during part of the rotation in which 
those sectors passed by the entrance to the vortex genera­
tor. This would draw the positively charged particles into the 
vortex generator while the main flow of exhaust gas would 
continue along the exhaust duct. As each sector moved 
away from the entrance, it would be switched to positive 
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Negatively Charged Sectors on rotating disks in a vortex genera­
tor would attract positively charged particles from the main stream 
of exhaust gas. The electrostatic charge would thus enhance the 
particle-separating action of the vortex. 
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charge to repel the particles. A small flow 
of control gas would carry the particles 
thus repelled out of the vortex generator 
through a hole along the axis of rotation. 

The control gas and particles would 
pass through a pressure reducer, and the 
particles would be collected at atmos­
pheric pressure. The mainstream exhaust 
gas would pass through a different pres­
sure reducer before being vented to the 

atmosphere. 
This vvork was done by Earl R. Collins 

of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 57 on the TSP Request Card. 

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

Miniature Gas-Circulating Machine 
Noncontact bearings would suppress wear and contamination. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The figure illustrates a preliminary design 
of a proposed gas-circulating machine that 
would consist essentially of a centrifugal 
pump driven by an induction motor. The 
machine would be used to circulate helium 
(or possibly hydrogen or another gas) in a 
regeneration sorption-compressor refrig­
eration system aboard a spacecraft. Pro­
vided that the cost per unit could be re­
duced substantially, the machine might 
prove useful in terrestrial applications in 
which long life, reliability, and low con­
tamination are essential. 

Under the design operating conditions, 
the machine would pump helium from an 
initial pressure of about 600 psi (4.1 MPa) 
through a pressure rise of 3 to 10 psi (21 
to 69 kPa) at a mass-flow rate of 0.25 to 
0.85 g/s. The centrifugal impeller would 
have a diameter of 1.27 cm (0.5 in,fand 
would turn at 1,500 revolutions per second. 
The machine would consume 1 to 50 W 
of power, operating with an overall efficien­
cyof 15 to 20 percent. The overall mass 
of the machine would be about 1 kg. 

Connectors for Shaft-Position Sensors 
(To Provide Position Feedback 
for Control of Active Bearings) 

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-18127, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

The motor would be of the induction 
type, which would last long and generate 
little, if any, contamination because there 
would be no brushes to wear. The rotor 
part of the motor would be a longitudinal­
ly serrated, magnetically soft integral part 
of the shaft that supports the centrifugal 
impeller. The rotor would be supported lat­
erally on active magnetic or gas journal 
bearings and longitudinally by passive mag­
netic or gas thrust bearings. Thus, except 
during startup transients in the case of gas 
bearings, there would be no bearing con-

The Miniature Gas·Circulating Machine - essentially a centrifugal pump driven by an 
integral induction motor - would feature noncontact bearings for long life. 

tact and no wear, and the longevity, relia­
bility, and cleanliness of the machine would 
be enhanced correspondingly. 

Active magnetic bearings would be pre­
ferred under the design operating condi­
tions. The only major disadvantage of ac­
tive magnetic bearings is that a control sys­
tem and power supply would be needed, 

Visualizing Dynamic-Stall Airflows 
Airfoils are supported and manipulated by viewing windows. 

Ames Research Center, Moffett Field, California 

A new wind-tunnel apparatus facilitates 
experiments on airfoils undergoing dynam­
ic stall. Dynamic stall occurs when an air­
foil is pitched rapidly past the static stall 
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angle. In dynamic stall, lift can become 
greater than that in steady flow. 

The apparatus makes it possible to visu­
alize flow on oscillating airfoils nonintru-

and this additional equipment would en­
tail a small additional probability of failure. 

This vvork was done by Walter L. Swift, 
Javier A. Valenzuela, Herbert Sixsmith, 
and William E. Nutt of Creare, Inc., for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 11 on the TSP 
Request Card. NPO-18486 

sively. Stroboscopic Schlieren photography 
and holographic interferometry, for exam­
ple, can be used to record flow patterns 
as the pitch of an airfoil is varied. 
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Schematic shows an airfoil mounted in the compressible , 
dynamic-stall wind tunnel. 

The key to unobstructed visualization is the method for 
mounting a scale-model airfoil in the apparatus. 
Previously, the massive airfoil support structure-needed 
to withstand the large dynamic loads-blocked important 
parts of the airflow from observation. In the new apparatus 
(see figure), the mounting structure is also the viewing win­
dow: the airfoil is pin-mounted between two optical-quality 
glass windows. The windows are oscillated simultaneous­
ly, giving an unobstructed view of the complex flow around 
the pitching air-foil. 

The mean angle of attack and the amplitude of oscilla­
tion can be adjusted continuously. The angle-of-attack 
assembly supports a motor-and-flywheel system. Eccentric 
disks in the flywheel establish the amplitude of oscillation. 

Tapered pins in the glass windows hold the airfoil. The 
windows are 15.2 cm in diameter and 2.54 cm thick. They 
rest in magnesium frames on bearing races. A sliding seal 
prevenfs outside air from leaking into the test section. 

The apparatus has yielded the first images of unsteady 
compressible flow over dynamically staking airfoils that 
accurately represent instantaneous vortex strength. The 
images show density gradients at the instant the photo­
graphic image is taken, unlike images obtained using older 
visualization methods based on the flow of smoke or 
hydrogen bubbles, which show only what the vortex has 
done to the flow in question up to the time of the photo­

graph. 
This work was done by L. Carr of Ames Research 

Center and M. Chandrasekhara of the Naval Postgraduate 
School. Further information may be found in AIM paper 
89A-25511, "Design and Development of a Compression 
Dynamic Stall Facility. ' 

Copies may be purchased {prepayment required} from 
AIM Technical Information Service Library, 555 West 57th 
Street, New York, New York 10019, Telephone No. (212) 
247-6500. ARC-12470 
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Fabrication 
Technology 

Alignment Fixtures for 
Vacuum-Plasma-Spray Gun 
A small laser mounted in a fixture 
indicates the center. 

Marshall Space Flight Center, Alabama 
Fixtures for the alignment of vacuum-plasma-spray guns 

have been built. Each fixture is designed to fit a specific gun 
and holds a small , battery-powered laser on the centerline of 
the gun. The laser beam projects a small red dot where the 
centerl ine intersects the surface of the workpiece to be 
sprayed. 

The fixture consists basically of two concentric sections of 
thick-walled aluminum tube, one of which fits onto the cylin­
drical end of the gun, the other of wh ich holds the laser (see 
figure) . Fixtures have been built for spray guns of various 
sizes and shapes. The inner diameter of the outer tubular 
section is the same in all the fixtures so that the same laser 
can be used in any fixture. 

This work was done by William H. Woodford, Timothy N. 
McKechnie, Christopher A. Power, and Ronald L. Daniel, Jr. , 
of Rockwell International Corp. for Marshall Space Flight 
Center. For further information, Circle 2 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-
29871 

Fixture 
Mounted 
on End of 
Spray Gun 

The Fixture Holds a Small Laser. After the laser beam has been 
positioned on the surface of the workpiece, the fixture is removed 
form the gun and spraying can proceed. 
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Cheaper Fabrication of Tube-Wall Components 
Tubes are pressed together in mandrels to fill gaps. 

Marshall Space Flight Center, Alabama 

A relatively inexpensive method of form­
ing metal tubes into a wall component (e.g., 
the wall of a rocket nozzle or combustion 
chamber) has been devised. Previously, 
tubes were selected, by use of a computer, 
from a large inventory to account for varia­
tions among their precisely measured di­
ameters. Then the tubes were stacked in 
the desired configuration and subjected to 
a long brazing procedure to bridge gaps 
between them. 

In the new method, one can initially 
select ordinary, imprecisely dimensioned 
tubes that have passed both a pressure 
test and inspections for wall thickness and 
surface imperfections, and the tubes are 
bonded to each other in a shorter, simpler 
procedure. The method eliminates the 
need for progressive die forming and the 
attendant inspections after forming steps. 
The method may also be applicable in the 
fabrication of heat exchangers and other 
unitary assemblies of tubes. 

A complete set of tubes is stacked on 
a male forming mandrel (see figure). The 
tubes are held by pronged retaining rings 
at both ends. A female forming mandrel 
is then lowered onto the tubes. Both in­
ner and outer forming mandrels are coated 
with a film of boron nitride, yttrium oxide, 
molybdenum disulfide, or other dry lubri­
cant so that the tubes can slide against 
them easily. 

The assembly of tubes and forming man-. 
drels is squeezed axially in a press. This 
deforms the tubes, flattening them into 
roughly oval cross sections and eliminating 
the gaps between them. The forming man­
drels may be fluted to impose specified 
curvatures on the outer surfaces of the 
formed tubes. After this forming process, 
the tubes are removed from the forming 
mandrels. The tubes are subsequently re­
stacked on a suitable holding mandrel in 
the same relative positions as in the form· 
ing mandrels, then brazed or diffusion­
bonded together. 

The forming mandrels are expected to 
wear minimally because of the lubricant 
coating. In the event of wear, surfaces of 
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the mandrels can be remachined several 
times. 

This work was done by Daniel A. Bales 
and James R. Joyce of United Technolo­
gies Corp. for Marshall Space Flight 
Center. For further information, Circle 46 
on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad· 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20]. Refer 
to MFS-28645. 

Machined Structural Panels With Integral End Fittings 
Unitary structural components would have large strength-to-weight ratios. 

Marshall Space Flight Center, Alabama in addition, they would offer greater stiff­
ness. No additional stringers or frames 

Flat, cylindrical , or otherwise-shaped 
unitary machined corrugated metal panels 
(see figure) would be used as structural 
skins, according to a proposal. The ma­
chined plates would offer advantages over 
such conventional lightweight structural 
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components as formed corrugated sheets, 
composite panels, and honeycomb panels. 
The proposed machined plates would in­
clude integrally machined end fittings and 
therefore would be lighter, less prone to 
failure, and easier to design and analyze. 

would be needed for reinforcement. 
The fabrication of a panel of the proposed 

type could include, for example, machin­
ing on a computer-numerical-control end 
mill to form pockets of crossed corruga­
tion. As in a formed panel, the corruga-
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3M Introduces 
Glass Cloth Tape 
for Automated 
Application 
New Scotch™ Electrical 
Tape 90 has saturated 
backing so edges resist 
fraying and raveling 
AUSTIN, Tex. - The saturated backing of 
new Scotch 90 Electrical Insulating Tape 
makes it more adaptable to automated 
assembly operations by limiting fray and 
raveling of the cloth. With high density 
woven strands, the tape has a tensile 
strength of ISO lbs/in, in accordance with 
the ASTM D 1000 test method. 

The white glass cloth 
features a pressure 
sensitive rubber 
thermosetting 
adhesive that 
offers superior 
absorption of 
electrical insu-

Saturated backing helps keep 
lating resins and the tape edges from fraying. 
varnishes. 
Insulation resistance is 2S0 megohms and it 
meets the MlL-I-lS 126F (type GFf) speci­
fication. 

New Scotch Electrical Tape 90 is ideal 
for applications such as stick wound 
coils/transformers and bobbin-wound coils; 
banding, anchoring and insulating; and ter­
minal strips, insulation paper, end turns and 
connections in motors and transformers. 

It is Underwriters Laboratories (UL) 
Recognized for use at temperatures not 
exceeding IS5" C per UL Standard S 10, UL 
File Number E1738S, Guide-OANZ2. 

To achieve maximum solvent resistance 
and holding performance, Scotch Electrical 
Tape 90 thermosetting can be achieved at 
one of the following cycles: One hour at 
ISO· C, two hours at 13S· C, or three hours 
at 120·C. 

New Scotch Electrical Tape 90 joins the 
3M family of conformable glass cloth tapes, 
with a temperature class of 130· C to 180· C 
and insulation resistance of 2S0 megohms. 
Electrical Grade Glass Cloth Tapes 27, 79, 
69 and 90 are all printable. 

For more information about Scotch 
Electrical Tape 90, contact an authorized 
distributor or write : 3M Electrical 
Specialties Division, Building 130-3N-S6, 
6801 River Place Blvd ., Austin , Texas 
78726-9000, or call (800) 328-1368. 

3M Electrical Specialties Division 3M 
6801 River Place Boulevard 
Austin, Texas 78726·9000 

tions would stiffen the remaining material. 
End fittings for welded or bolted connec­
tions would also be machined in the panel. 
The panel could thus be attached to adja­
cent panels with minimal extra hardware. 
The end fittings could be smoothly blend­
ed with the panel and shaped for optimum 
weight and strength. 

This work was done by John W Redmon, 
Jr. , and Patrick R. Rogers of Marshall 
Space Right Center. For further informa­
tion, Circle 3 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 2O}. Refer 
to MFS-28667. 

MACHINED CORRUGATED PANEL 

INTEGRAL MACHINED END FITIINGS 

Pockets of Crossed Corrugation Would Be 
Machined into a panel. Integral end fittings 
for assembly to adjacent panels could be 
smoothly contoured. 

Vacuum Deposition From a 
Welding Torch 
A process derived from arc welding produces films of high quality. 
Marshall Space Flight Center, Alabama 

Research on welding in outer space has 
led to a promising method of depositing 
thin films of metal on substrates in terres­
trial facilities. The method offers the ad· 
vantages of fast depoSition (perhaps faster 
than in any currently available vapor de­
position technique), the possibility of ap­
plying directional impetus to the flow of 
materials, very low pressure at the surface 
being coated, and an inert environment. 

A modified gas/tungsten-arc welding 
process is being developed for use in outer 
space. The welding apparatus in this proc­
ess includes a hollow tungsten electrode 
through which an inert gas flows so that 
an arc can be struck between the elec­
trode and the workpiece in the vacuum of 
space (see figure). 

In experiments on this process, thin 
films of the same material as that of the 
workpiece were found to be deposited on 
surfaces near the workpiece. According· 
ly, the experiments were modified, replac­
ing the workpiece with a variety of metal 
sources. A variety of feed gases and sub­
strates were used in the experiments. For 
example, in one case, the source material 
was a Ni/Cr/Fe alloy, and the substrate 
was glass. The film deposited on the sub­
strate consisted of Cr, Ni, and Fe - the 
constituents of the source alloy, although 
in proportions different from those of the 
alloy. The differences are attributed to dif· 
ferences among the vapor pressures of the 
Cr, Ni, and Fe constituents at the melting 
temperature of the alloy (about 1,600 0c). 

In similar experiments, coats of copper, 
niobium, aluminum, and nickel were also 
deposited on glass and steel. All coats had 
smooth surfaces, were thin but covered 
the substrates completely, adhered well to 
the substrates, and had the colors of the 
corresponding source materials. In a dif-

Coolant 
Chamber 

Hollow 
Arc.Startlng Electrode 

Reflector } 
'-- Welding A,rc 
~ '-- Forms Here 

CZ7-4Z(fd 
Target 

(Source of Deposited 
Material)' 

The Modified Gas/Tungsten.Arc Welding 
Torch is directed at a target material in a vac· 
uum chamber. Vaporized target material is 
carried by the flow of inert gas and is de­
posited on a substrate near the arc. More 
than one torch and target could be used to 
alter the composition of the deposited film 
with depth. 

ferent experiment, a copper/niobium film 
was deposited on graphite fibers in a loose 
bundle. The thin coat surrounded each fi· 
ber. The coat may be useful in obtaining 
a stronger bond between the fibers and 
other materials - for example, the coat 
may act as a wetting agent when bundles 
or laminates of fibers are imbued with resin 
to form a fiber/matrix composite material. 

This work was done by R. M. Poorman 
of Marshall Space Right Center. Further 
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information may be found in NASA TM-
103542 [N91-27330), "Vacuum Vapor De­
position - A Spinoff of Space Welding 
Development." 

Copies may be purchased [prepayment 

required) from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20). Refer 
to MFS-28652. 

Improved Heat Treatment of Steel Alloy 4340 
Significant increase in hardness is achieved with minimal deflection. 

Langley Research Center, Hampton, Virginia 

Steel alloy 4340 has been an integral 
part of the construction process, used in 
buildings, aircraft, bridges, and other ap­
plications in which strength and durability 
at relatively low cost are required. Recent­
ly, 4340 steel has been considered for use 
in the construction of armorplate for mili­
tary aircraft. Because of the extremely high 
hardenability of this steel, it affords excep­
tionally effective protection for passengers 
as well as for an aircraft itself. However, 
an effective method of heat-treating 4340 
steel to desired hardness for certain ap­
plications without deflection did not exist. 
A new process developed at NASA 
Langley Research Center imparts max­
imum hardness with only slight deflection, 
which is easily pressed out. The new proc­
ess takes significantly less time than do 
prior heat-treatment processes. 

The prior standard heat treatment of 
4340 steel began with normalization at 
1,600 OF (871°C) followed by quenching 
in agitated oil, followed by heating to 
1550 ±25 OF (843 ±14 °C)for 45 minutes 
to 1 hour per inch of thickness (0.4 hour 
per centimeter of thickne:>s). The steel was 
then tempered at 400 to 1,100 ° F (about 
200 to 600 0c) for 1 to 2 hours, according 
to the dimensions of the mass being treat­
ed, to relieve stresses and prevent warp­
ing or cracking. 

The new method involves placing the 
steel plate directly in the furnace and heat­
treating for 45 minutes at 1,520 ° F 
(827°C). The plate is then quenched in 
slowly moving oil (not agitated) for 3 to 5 
minutes to reduce stresses. Any deflec­
tion is then pressed out. Hardness read­
ings taken at this stage in a demonstra­
tion of the process were around 55 to 60 
RIC, much higher than any previous levels 
obtained by NASA, which were in the 33 
to 45 RIc range. The alloy plate is then 
tempered at 450 ° F (232°C) for 1 hour to 
relieve stresses. After cooling, the hard­
ness remains essentially the same. 

Possible uses of 4340 steel heat-treated 
in the new way include new and improved 
bulletproof vests for military and police per­
sonnel and armor for bulletproof automo­
biles for military, police, diplomatic, and 
private users. It could also be used in such . 
other military land vehicles as tanks and 
in both military and civilian aircraft. Lighter 
armorplate would enable land vehicles and 
aircraft to attain greater speed and rna-

NASA Tech Briefs, May 1993 

neuverability, consume less fuel (or, alter­
natively, operate over longer ranges), and 
afford better protection from snipers or 
terrorists. 

This work was done by Lawrence B. 
Cooper of Langley Research Center. No 
further documentation is available. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 2Oj. Refer to LAR-14291. 
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~ Mathematics and 
~ Information Sciences 
Generating Smooth Motions for Robotic Manipulators 
Velocities are computed as sinusoidal functions of positions during acceleration and deceleration. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
In an improved method for generating 

the trajectory of a robotic manipulator, 
each straight-line segment of the trajec­
tory is composed of a constant-velocity 
main portion sandwiched between smooth 
acceleration at the start and smooth de­
celeration at the finish. The algorithm that 
implements this method computes the ve­
locity in each accelerating portion as a 
sinusoidal function of position along the 
line. This kind of motion was chosen for 
two reasons: It closely approximates the 

IK: 
FK: 

Inverse Kinematics 
Forward Kinematics 
Force-and-TorQue 
Force-Reflecting Hand Controller 

Controller or Improved Trajectory-Generatlng 
Algorithm 

• motion of a human hand along a straight­
line trajectory, and it provides very smooth 
transitions between the constant-velocity 
portion and the accelerational and decel­
erational end portions. 

FIT: 
FRHC: 
XS1: Commanded Cartesian Position (Cartesian Set 

Point) Generated by Force-Reflecting Hand 

Compliance 
Control, 

Force 
Filter 

XS2: Cartesian Set Point Modified by 
Compliance Algorithm 

XS3: Anal Cartesian Set Point 
9,: Manipulator.Jolnt·Angle Set Points 

Joint Position (9) 

Cartesian Coordinates (Xl 

Raw FIT· Heretofore, typical trajectory-generating 
alogorithms have been based on poly­
nomials in position-vs.-time state space. 
The new algorithm yields smoother mo­
tions. The algorithm performs its computa­
tions in the Cartesian coordinates of the 
workspace. The operator or a higher-level 

To FRHC and Display Sensor Data 
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space, can be used to implement force-reflecting hand control or the improved method of 
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planning computer program sets three pa­
rameters: the total distance to be travel­
ed along the specified straight-line seg­
ment, the velocity in the constant-velocity 
main portion, and the length of the accel­
erational and decelerational end portions. 
The algorithm then computes those in­
cremental changes of position along the 
Cartesian axes that, when implemented at 
the measurement-sampling-anckommand 
rate of the robotic system (typically, 1 kHz), 
result in the desired velocity-vs.-position 
profile. 

The figure illustrates a position-servo­
control loop that is closed in the Cartesian 
workspace. This subsystem can be used 

in conjunction with a force-reflecting hand 
controller to implement manual control, or 
with a computer running the improved tra­
jectory-generating algorithm. Cartesian p0-

sition commands are supplied by the al­
gorithm or by the hard controller. The 
actual Cartesian coordinates of the robotic 
manipulator are computed via a forward 
kinematic transformation from the manipu­
lator joint angles. The errors (the differ­
ences between the commanded and ac­
tual Cartesian coordinates) are converted 
via an inverse kinematic transformation 
into manipulator-joint-angle set-point 
commands. 

The improved trajectory-generating al-

gorithm can also be combined with an 
active-compliance algorithm by use of this 
servocontrolloop. "TWo kinds of active com­
pliance have been tested thus far: spring 
compliance, in which the deviation in the 
position of the end effector of the robot is 
proportional to the sensed force; and in­
tegrating compliance, in which the veloci­
ty of the end effector is proportional to the 
force sensed in the corresponding direction. 

This work was done by Antal K. Bejczy 
and Zoltan F. Szakaly of Ca/tech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 61 on the TSP 
Request Card. 
NPO-18377 

Terminal Sliding Modes in Nonlinear Control Systems 
Systems would converge to equilibria in finite times. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Control systems of a proposed type called 
"terminal controllers" would offer increased 
precision and stability of robotic operations 
in the presence of unknown and/or chang­
ing parameters (e.g., changing frictional 
forces, payloads of uncertain weight, work­
pieces of uncertain dimensions). Systems 
of this type would include special computer 
hardware and software that would imple­
ment novel control laws that involve ter­
minal sliding modes of motion: The closed­
loop combination of a robot and a terminal 

NASA Tech Briefs. May 1993 

controller would converge, in a finite time, 
to a point of stable equilibrium in an abstract 
space of velocity and/or pos~ion coordinates 
applicable to the particular control problem. 

The terminal sliding modes would be en­
forced by incorporating nonlinearities into 
the control laws. These nonlinearities would 

In a Terminal Sliding Mode, a system would 
converge from an initial pOint to a point of 
equilibrium (represented here by the point 
x = 0) in a finite-time. In a conventional sys­
tem, the convergence is typically asymptotic. 

Q) 
iii 
c: 
'E AsymptotiC Convergence 

~ .. /(COnventional Sliding Mode) 

~ . Finite-Time Convergence 
:0 (Terminal Sliding Mode) 
~ 
'" 
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be structured as terminal attractors, which 
have been a subject of considerable in­
terest in research on artificial neural net­
works. In addition to finite-time converg­
ence (as contrasted in the figure with 
asymptotic convergence of typical conven­
tional sliding-mode controllers), the pro­
posed control systems would oHer the 
possibility of operation without the chat­
ter that is caused by rapid switching be­
tween diHerent control mcx:les. Such switch­
ing is often incorporated into conventional 
control laws to impart robustness in the 
presence of uncertainties in parameters. 

Terminal controllers that enforce fin ite-

Books and Reports 
These reports, stUdies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from the 
National Technical Information Service. 

Algorithms for Postprocess­
ing Computed Flow Data 

Ways of making flow fields 
visible are discussed. 

A paper discusses algorithms that are 
used to make visible displays from arrays 
of numerical data that represent computed 
flow fields. Such displays are intended to 
help researchers discern flow structures. 
The displays include, principally, contours 
and particle traces on two-dimensional­
and three-dimensional grids. Many of the 
algorithms that generate these plots have 

time convergence of a simple one-dimen­
sional system to equilibrium have been in­
vestigated theoretically. It was found that 
performance would be improved signifi­
cantly through the elimination of high-fre­
quency control switching. The dependence 
of the stability of terminal sliders upon 
rates of change of uncertainties in param­
eters (rather than on the magnitudes of the 
uncertainties) was found to result in in­
creased robustness of control in the 
presence of the uncertainties. Reliabil ity 
was found to be enhanced through elim­
ination of the interpolation regions that are 
used in conventional control. The attain-

been implemented in the PLOT3D com­
puter program. 

Contouring is used to display scalar func­
tions. Contour lines and bands can show 
values of functions on two-dimensional 
surfaces, while contour surfaces that are 
curved in three dimensions serve as three­
dimensional analogs of contour lines. 
Colors and Gouraud shading enhance the 
presentation of values and ranges of 
values of functions. The generation of con­
tours on cross-sectional surfaces that cut 
through arbitrary three-dimensional grids 
at arbitrary angles is diHicult, but it can be 
done by use of a combination of tech­
niques that includes the technique for find­
ing a three-dimensional contour surface 
and the technique for plotting contours on 
an arbitrary two-dimensional grid. 

Particle traces are the computational 
analogs of smoke or dye injected into ex-

The T RRCE WELL 

able precision was also found to be greater 
with terminal than with conventional control. 

This work was done by Subramanian r 
Venkataraman and Sandeep Gulati of 
Caltech for NASA's Jet Propulsion Lab­
oratory. For further information, Circle 17 
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 develorr 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page20]. Refer to NPO-18584. 

perimental flows. Particle traces include 
dots or bubbles, lines, ribbons (formed by 
lines traced from 1m neaJby starting IXlints), 
and sheets. These plots are generated by 
interpolating the velocity field to the evolv­
ing location of a given particle and com­
puting the evolution of this location by in­
tegrating the velocity over time. The part 
of the particle-tracing task that involves the 
most computation is the transformation 
between the coordinates of the physical 
space and the coordinates of the com­
putational space in which the diHerential 
equations of flow are integrated numerically. 

One of the primary purposes of graphi­
cal analysis of computed flows is to locate 
and identify such features as shock waves, 
vortices, and regions of separated flow. 
While these features can usually be iden­
tified from plots of various functions, the 
search of a solution, especially one com-
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puted on a multiple-block grid about a complicated object, 
consumes much time. Identification of a feature may be diffi­
cult because of poor resolution or because the grid is not 
conveniently aligned with the feature. The report addresses 
these issues by describing what quantities can be plotted 
and which of the plotting techniques described above can be 
used effectively to identify selected features. 

The report presents some concfusions, including the following: 
• The slowness of current postprocessing algorithms places 

limits on abil ity to understand complicated three-dimen­
sional flows. Faster algorithms and new, more-powerful 
graphical computer workstations will help overcome these 
limits. 

• Current postprocessing algorithms are of some help in 
identifying such features as vortices, shock waves, and 
separation lines, and the algorithms reduce the need for 
intensive, interactive examination of computed flow fields. 
However, the algorithms do not yield precise descriptions 
of the features, and the application of the algorithms is not 
automatic: the researcher must choose such parameters 
as contour levels and starting points of particle traces. 
This work was done by Pieter Buning of Ames Research 

Center. To obtain a copy of the report, "Numerical 
Algorithms in CFD Post-Processing, n Circle 83 on the TSP 
Request Card. ARC-13153 

Evaluat ing Risk of Failure 
With Limited Information 
In a probabilistic approach, 
uncertainty is treated quantitatively. 

A report describes probabilistic failure assessment (PFA), a 
methodology for quantitatively evaluating the risk of failure of a 
system about which limited information is available. Such infor­
mation typically consists of limited experience from tests or 
service and results of engineering analyses of failure modes. 

In PFA, the uncertainties of engineering analysis, result­
ing from vague or uncertain information about environments, 
behavior of materials, accuracy of modules used in analysis, 
and other such governing parameters, is treated quantitative­
ly within a statistical structure, in which a failure risk distribu­
tion is defined. The failure risk distribution can be modified to 
reflect available test or service experience using the 
Bayesian statistical procedure of PFA. 

PFA was developed for application to spaceflight systems 
for sufficient testing of hardware to ensure reliabi lity is not 
feasible. However, it must be ascertained that critical failure 
modes are extremely unlikely to occur during service. 

PFA can be applied to any failure mode that can be 
described by quantitative models of the physics and mechan­
ics of the failure phenomena. Examples of such failure phe­
nomena include fatigue crack in initiation or propagation in 
structures, leakage of seals, wear in bearings, and erosion of 
arcjet thrustor cathodes. The report describes PFA and appli­
cations to fatigue of rocket engine components. 

The major steps of PFA include probabilistic modeling of 
failure phenomena based on engineering analysis to consid­
er the impact of available test or service experience on the 
predicted failure risk distribution. 

These steps are carried out for selected failure modes 
identified by such procedures as Failure Modes and Effects 
Analysis (FMEA). Monte Carlo simulation is used to generate 
the information on which the predicted failure risk distribution 
is based. 

This work was done by N.R. Moore, D.H. Ebbeler, M. 
Creager, L.E. Newlin, and S. Sutharshana of Ca/tech for 
NASA's Jet Propulsion Laboratory. To obtain a copy of 
the report, '~n Improved Approach for Flight Readiness 
Certification - Methodology for Failure Risk Assessment 
and Application Examples," Circle 89 on tthe TSP Request 
Card. NPO-18389 
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Neuromorphic Learning 
From Noisy Data 
A neu rocont roller was 
found to exh ibit noise­
filtering propert ies. 

Two reports present a numerical study 
of the performance of a feedforward neural 
network trained by a back-propagation al· 
gorithm in learning continuous-valued map­
pings from data corrupted by noise. Two 
types of noise were considered: plant noise 
(which includes both sensor and actuator 
noise), which affects the dynamics of the 
controlled process and data-processing 
noise, which occurs during analog process­
ing and digital sampling of signals. This study 
was performed with a view toward the use 
of neural networks as neurocontrollers (1 ) 
10 substitute for, or enhance, the perform­
ances of human experts in controlling 
mechanical devices (e.g. , automobiles, 
small powerboats, and machine tools) in 
the presence of sensor and actuator noise 
and (2) to enhance the performances of 
more-conventional digital feedback elec­
tronic process controllers in noisy envi ­
ronments (e.g., in chemical plants and oil 
refineries). 

It has already been demonstrated that neu­
ral networks have the potential for fast , ro­
bust, and reliable implementation of learned 
mappings, and are, therefore , well suited 
for real-time feedback control. However, 

100 

the effect of noise (which is always pre­
sent in a feedback control system) was 
unknown. This study includes an analysis 
of the effect of noise and proposes to max­
imize performance in the presence of noise 
by a selective sampling of the set of train­
ing data. 

The analysis was conducted for a specific 
example of real-time cont rol: a multi layer 
neural network in a feedback control sys­
tem assigned to control a horiZontal ap­
pl ied force to stabilize the horizontal po­
sition of a one-dimensional cart and to 
maintain near vertical the orientation of a 
pole hinged to the cart . The learning per­
formance was found to depend essential­
lyon the degree of embodiment of the con­
trollaw in the set of training data and on 
the degree of uniformity of the probability­
density function of the data presented to 
the network during a training sequence. 
Embodiment and ur:1iformity were found to 
depend on the number of sampled motions 
of the cart-pole system , the observation 
time, the rate of sampling, and the scaling 
of the control signal. An error fUnction was 
introduced to help select optimum values 
of these parameters. 

It was found that when a control law was 
corrupted by noise, the fluctuations of the 
training data biased the probability-density 
fUnctiOn of the sequence of training data. 
In general , a neural network can develop 
a good internal representation of a map­
ping and be useful as a neurocontroller 

For More Information Circle No. 547 

only when the effect of noise on the uni­
formity of the training data sequence is 
minimized and the degree of embodiment 
of the mapping in the training data set is 
maximized. 

As a demonstration, the multilayer neu­
ral network in the cart-pole system was 
trained , via back propagation, with noisy 
data, to extract both linear and nonlinear 
control laws. The neurocontroller was found 
to filter plant noise and data-processing 
noise from the training data, and, in this ap­
pl ication , it operated more smoothly than 
did the teacher in the presence of plant 
noise. 

This work was done by Walter C. Merrill 
of Lewis Research Center and Terry 
Troudet of Sverdrup Technology, Inc. To 
obtain a copy of the report, "Neuromorphic 
Learning of Continuous-Valued Mappings 
from Noise-Corrupted Data, " Circle 89 on 
the TSP Request Card. Further information 
may be found in NASA TM-4176 [N90-
25607], (also called "Neuromorphic Learn­
ing of Continuous-Valued Mappings From 
Noise-Corrupted Data: Application of the 
Real- Time Adaptive Control "). 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161 , Telephone No. (703) 487-465D. 
Rush orders may be placed for an extra 
fee by calling (800) 336-4700. 
LEW-15304 
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Life Sciences 

Monatomic Oxygen Makes Materials Biocompatible 
Modified surfaces encourage the growth of cells . 
Lyndon B. Johnson Space Center, Houston, Texas 

Treatment with monatomic oxygen acti­
vates the surfaces of biomedical and bi<r 
technical materials without adversely af­
fecting the properties of the bulk and without 
introducing toxic or otherwise dangerous 
solvent residues. The treatment can be 
used to create a carpetlike texture that 
greatly increases surface area and encour­
ages cells to adhere and grow. 01 silicone 
tubing for vascular implants, for example, a 
carpet surface improves acceptance by 
the body. On polymer beads and vessels, 
such a surface increases the effective­
ness of growing, storing, and separating 
cell cultures. 

Alternatively, treatment with monatomic 
oxygen can be used to change the surface 
chemistry by adding reactive functional 
groups to a chemically inert surface. The 
material can then be subjected to a variety 
of wet chemical reactions that would other­
wise be ineffective. 

A carpet surface is produced by expos­
ing materials to a flow of monatomic oxy­
gen (instead of the usual molecular oxygen). 

Monatomic oxygen is relatively abundant 
in the upper atmosphere of the Earth, and 
thus treatments can be carried out on 
Space Shuttle missions. Alternatively, one 
of several high·energy neutral-beam de­
vices can be used in terrestrial laboratories. 
In some cases, a commercial plasma sput­
ter-etching machine, which provides reac­
tive oxygen atoms and radicals in combi­
nation with ions, can be used. 

If the interior of a tube is to be given a 
carpet surface, the polymer should be 
treated as a flat sheet, then formed into the 
tube. Another possibility is treating the ex­
terior of the tube, then turning it inside out. 
An irregularly shaped piece can be rotated 
on a goniometer while it is exposed to the 
flux of monatomic oxygen flux through a 
slit. Each element of surface is thus given a 
known dose at perpendicular Incidence. 

If only chemical modification, without 
carpet texture, is wanted, a material can 
be exposed to monatomic oxygen in a ther­
mal gas environment. Either a commercial 
plasma asher with a Faraday-cage i.nsert 

COMPUTER 

or a commercial flOWing-afterglow device 
can be used. The thermal gas inhibits the 
formation of a carpet surface. 

Regardless of the method of treatment 
with monatomic oxygen, the reaction is 
confined to the surface. The modified re­
gion extends no more than 100 A into the 
bulk material. Polymers containing G-H 
bonds react directly with monatomic oxy­
gen to produce a variety of species, includ­
ing ketones, aldehydes, alcohols and car­
boxylic acids, all bound on the surface. 
Silicone polymers form a surface layer of 
Si-0H groups. 

This work was done by Glenn Spaulding 
and Steven L Koontz of Johnson Space 
Center. For further information, Circle 105 
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-21529 

TIMING MODULES 
Microsecond resolution data time tagging, event time 
capture, and programmable pulse/ interrupt strobes. 

Featuring Platforms 
• Real Time Clocks 
• G P Satellite 

Receivers 
• IRIG Time Code 

Tran lation l Generation 

• PC 
• YME 
• YXI 

BANCOMM 
Division of Datum Inc. 

1-800-348-0648 

• STD 
• SBX 
• Qbus 

MASTERS OF 
TIME 
since '1972 
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Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number is 
cited; otherwise they are available from the 
National Technic'allnformation Service. 

Effects of Exercise 
During Bed Rest 
Researchers seek regimens 
to preseNe fitness during 
bed rest and in outer space. 

A pair of reports adds to the growing 

body of knowledge of the physical decon­
ditioning caused by prolonged bed rest 
and the effectiveness of various exercise 
regimens in preserving or restoring fitness. 
The major objective of research in this field 
is to determine what regimens to prescribe 
to astronauts before flight, during prolonged 
weightlessness, and immediately before 
returning to Earth. Presumably, this knowl­
edge could also benefit patients confined 
by illness or injury. 

The first report discusses an experiment 
on the effects of two types of periodic, in-

If You Missed The Show, 
Don't Miss The Excitement! 

TECHNOLOGY 

2002 
Official Show 

Video 
F eaturing highlights of the third national technology transfer conference and 
exposition, sponsored by NASA, NASA Tech Briefs, and the TU Foundation. 

• Discover the best new technologies developed under the US 
government's multi-billion dollar R&D budget, including 
cuning-edge innovations in manufacturing, materials, 
biotechnology, computing, and electronics . 

• "Meet" top tech transfer experts from NASA, the Departments 
of Energy and Defense, and other key federal agencies that 
work with businesses to convert government research result 
into practical products. Learn how you can tap the expertise 
of the nation 's 700+ federal labs to improve your bottom ]jne. 

T his high-quality VHS videotape includes a guide to federal government resources 
you can contact to pursue patent licensing, cooperative R&D, SBIR grants, and 
other tech transfer opportunities. 
Order your copy today for only $19.95 + shipping. Running time is approx. 25 minutes. 

Rush me _ Technology 2002 video(s) at $19.95 each + $4.00 for shipping. 
(NY residents add sales tax to total.) 

T otal enclosed: $ ___ _ 

Name _________________________ __ 
Company _______________________ _ 
Address _______________________ __ 
City/StlZip _______________________ _ 
Phone No. _______________________ _ 

M ail with check or money order to : 
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Technology Utilization Foundation 
41 East 42nd St., Suite 921 , New York, NY 10017. 
For credit card orders call (212) 490-3999. 

tense, short-duration exercise during bed 
rest. This experiment is also discussed in 
the documents "Effects of Exercise Dur­
ing Prolonged Bed Rest" (ARC-12190), 
NASA Tech Briefs, Vol. 16, NO.9 (1992), 
page 90, and "Isotonic and Isokinetic Ex­
ercise During Bed Rest" (ARC-12180), 
NASA Tech Briefs, Vol. 17, No. 1 (1993), 
page 136. To recapitulate: the experiment 
involved 19 healthy mictlle-aged male volun­
teers who remained in bed for 30 days. Five 
of them constituted a control group that 
did not exercise, seven performed isotonic 
exercise (on a stationary electronic ergom­
eter), and seven performed isokinetic leg 
exercise (on a computerized weight-lifting 
machine). 

The isokinetic exercise preserved or 
even increased strength but not the capac­
ity for work (that is, the capacity to sustain 
exercise at a given level). The isotonic ex­
ercise did not maintain strength but did 
maintain the capacity for work. These con­
clusions and other results of this experi­
ment lead to the following additional conclu­
sions concerning exercises for astronauts: 
It is likely that focused, short bouts of near-
1y peak exercise can be substituted for the 
many long hours of submaximal exercise 
training currently used. Because this type 
of protocol appeared to function well in 
maintaining aerobic power in both a pre­
vious ambulatory study and in this bed-rest 
study, there is no reason to assume it 
should not work equally well for astronauts 
in microgravity. Further study is needed 
to develop optimal protocols for mainten­
ance of strength and endurance. 

The second report reviews the knowl­
edge acquired thus far, with a view toward 
the development of protocols for exercise 
regimens. It discusses the work required 
of astronauts inside and outside space­
craft, the effectiveness of exercise in terms 
of various quantitative measures of fitness, 
the strengths and endurances of muscles, 
calcium metabolism and the mineral con­
tents of bones, and mood and psychologi­
cal performance. The report concludes with 
tentative protocols for ground-based and 
in-flight exercise regimens for astronauts. 

This work was done by John E. 
Greenleaf of Ames Research Center and 
Edmund M. Bernauer of the University of 
California, Davis. To obtain copies of the 
reports, "Work capacity during 30 days 
of bed rest with isotonic and isokinetic 
exercise training" and "Exercise-training 
protocols for astronauts in microgravity, " 
Circle 64 on the TSP Request Card. 
ARC-11876 
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"C" It At AUTOFACT®'93 
C:CAD/design/solid modeling/parametric 

C: CAM/ prototyping/ controls/ production 

C: CAE/ analysis/simulation 

C:CIM/automation/networking/integration 

For More Information Circle No. 488 

Please send an AUTOFACT '93 brochure. 

Name: _______________ _ 

Title: ________________ _ 

Company: ______________ _ 

Address : _______________ _ 

City, State, Zip _____________ _ 

Country (if outside USA) ___________ _ 

Phone _______ FAX ______ _ 

Mail or FAX to: 

Society of Manufacturing Engineers 
Attn: AUTOFACT Inquiries 
One SME Drive 
P.O. Box 930 
Dearborn M148121-0930 

FAX: (313) 271-2861 
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IT'S LIKE HAVING A 
CRAY ON YOUR DESK! 
HiQ~- the prob- I 
lem-solving toolbox 

for scientists and 

WHAT ThE 
EXPERTS SAID ••. 

engineers - puts a 
powerful , integrated 

environment into 
your workstation. 

"The right choice 
for serious engineer­
ing. Amazingly fast . 

Dazzling graphics. 
The most powerful 

k== ========:.il numerical software 

REAL WORlD MAw for the Mac. Can do matrix prob-

HiQ offers you the most com- lems that make MATIAB hang up or 
plete set of real -world mathematical report system errors': 

functio ns avai lable. No other MACWORLD 
numerical analy 

package 
includes the 
phenomenal 
range of disci­
plines, depth of 
application, or raw computing 
power with an interface you already 

know how to use. 
Three components work togeth­

er in HiQ to complete your pro­

jects quickly and logically, 

• A"alysis E"9i", 
• HiQ-Script 

10192 

"A scientific Swiss Army knife. 
More than 600 built-in functions, 
interactive 2-D and 3-D graphics, 
and its own 4GL. C reate, solve and 

present in a single environment~' 

BYTe 
9/92 

Version 2.0 for Apple Maci ntosh 
available now for only $995. For 

more information or to qualify for a 
free demo package, call nowl 

800-488-8662 
• Projtct Workshut 

BiMillENN iuM 
Bimil lennium Corporation · 16795 Lark Ave . • Suite 200 • Los GatOS, CA 95030 • FAX (408) 354·4388 

H,Q, t~ H,Q Ioto.nd Blmllknnlum.~ t~demiru of 81mllknnlum Cmpontlotl. 
Malhmat!ea k . n:glnned tn.dmurk of WoIfntn iUw:ll'Ch, Inc MATIAB k. n:glnemi tBdcmarlt of The M'lh~, Inc. 

For More Information Circle No. 528 

Ergonomically 
Designed 

NOT! 

Call, write, o r FAX 
for infonnative brochure 

CSERIAC PROGRAM OmCE 
AUCFIIICSERlAC Bldg. 248 
2255 R Street 
Wright-Patterson AFB, OR 45433-6573 
(513) 255-4842 DSN 785-4842 FAX (513) 255-4823 

For More Information Circle No. 602 

New on the Market 

Cognition Corp., Billerica, MA, has 
re leased computer-aided design 
software that provides cost data for 
a product as it is designed . Cost 
Advantage™. an object-oriented ex­
pert system, uses rules-based logiC 
to calculate the cost impact of de­
sign decisions and works with such 
so l ids model i ng systems as Pro/Engi­
neer®, I-DEASTM, and Mechanical 
Advantage™. A development toolkit 
helps users add their own cost ru les. 
For More Information Circle No. 778 

Enterprise Communications & Com­
puting Inc., San Diego, CA, has 
introduced the Multi-Protoco l Con­
nectivi ty Manager™ (MPCM), the 
fi rst front-end communications pro­
cessor to offer loca l-area net­
work and asynchronous connecti v­
ity through a single SCSI bus port. 
Offered on NCR System 3000 com­
puters and Sun SPARCservers, the 
MPCM faci litates communications 
among multi-protocol and multi -host 
networks, eliminating the need 
to have separate communications 
boards for each supported bus. 
For More Information Circle No. 774 

InSoft Inc., M echanicsburg, PA, has 
re lease d an update to Com ­
munique!TM, multimedia groupware 
that enables simultaneous real-time 
v ideo and multimedia conferences 
at multiple sites on a network with­
out having to integrate T1 lines. 
Communique!'s compress ion rat ios 
work with four- orseven-bit grayscale 
video using Sun's VideoPix® board 
over the lower volume lines. A simi­
lar version supports 24-bit full­
mot ion co lo r video on Parall ax 
Graphics' XVideo®board. 
For More Information Ci rcle No. 780 

The fi rst peristaltic pump free of 
va lves or rotati ng parts has been 
introduced by Amer ican Dengi Co. 
Inc., Scotch Plains, NJ . The micro­
processor-controlled device oper­
ates by sequentially col lapsing the 
fle·x ible tubular segments in the 

1----- ----------1 pumpingchannel.ltcan transfer liq­

The HSV-l000 high-speed video 
system from NAC Visu al Systems, 
Burbank, CA, offers 1000 high-reso­
lution co lor pictures per second fo r 
engineering, manufacturing, and 
quality control applications. Data 
can be displ ayed on the monitor in 
rea l time, slow motion, stop frame, 
forward, o r reverse, and can be 
printed . The portable HSV-1 000 is a 
stand-a lone workstat ion that incor­
porates a VCR, swivel mon itor, and 
a handheld contro ller. 
For More Information Circle No. 782 

u ids or sem i-sol ids without clogging. 
Normal operat ing pressures range 
from 5 to 100 psi w ith pumping 
vo lumes from ml/day to gal/min. 
For More Information Circle No. 786 

Mosa ic Industries Inc., Newark, CA, 
has announced the QED board, a 
3.2" x 4" embedded controller that 
hosts a high-level programming en­
v ironment in on-board ROM. A 
FORTH interactive compiler and 
68HCll assembler fac ilitate pro­
gramming via any PC or term inal, 
and symbolic debugging tools sup­
port breakpoint insertion, trac ing, 
and single stepping. The bui lt-in pro­
gramming toolkit includes a multi ­
tasking executive, memory manager, 
and I/O device drivers. 
For More Information Circle No. 784 

A portable infrared thermometer 
from Wahl Instruments Inc., Cu lver 
City, CA, automatically focuses on 
small targets. The model DHS-34A 
Heat Spy provides instant tempera­
ture measurement of targets as small 
as 0.35" from a distance of less 
than 20" and displays readings from 
-50 to 1000 0c. 
For More Information Circle No. 798 
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POSITIONS WANTED 
Electronics and computer engineer, MEEE, 
BSEE, seeks full-time temporary positions 
within 1.5 hours of northeast J. Broad 
background: digital/analog, circuits/sys­
tems, computer hardware/software/firm­
ware; design, development, analysis, in­
tegration, modifications, and interfacing. 
Experience includes imaging, graphics, 
microcomputers, (, real time, video, 
DACs, sampling, communications, CAD, 
and parallel processing. 201-487-3272 . 
Box number 31 A 

BS in chemical engineering, Kansas State 
University; 41 years experience with all 
types of non-metallic materials and pro­
cesses, liaison effort with engineering, 
quality, manufacturing, and vendors. Fa­
miliarwithMIL specs. Have written many 
M&P specs, as well as test plans and 
reports for materials. Experience wi th 
adhesives, coatings, plastics, and com­
posites. Will relocate. Reply: J. Bond, 
395 Boston Street, Topsfield, MA 01983. 
Box number 32A 

18 years experience in: simulation (air­
craft, missiles, satellites, signals, and cir­
cuits) ; DSP (filters, demodulators, etc.); 
pattern recognition (modulation type, 
logos in FAX data, PRI); control loops 
(various parameter trackers). Four MS 
degrees: math, CS, EE, and aerospace. 
Current research in integration algorithms 
for PDEs of CFD. 
Box number 33A 

Materials/metallurgical engineer; Ph.D 
in metallurgy. Experience in materials 
selection, testing, product development, 
and specifying manufacturing processes. 
Expertise in failure analysis, corrosion 
control , quality, heat treatment, welding, 
structure-properties correlation, and fer­
rous and non-ferrous alloys. Several pub­
lications. Seeks senior level position in 
R&D or manufacturing. 
Box number 34A 

Polymer chemist with extensive experi­
ence in applications development, for­
mulation, compounding, and processing 
of rubber and plastic materia ls: natural 
rubber, polyisoprene, EPDM, nitrile, fluo­
rocarbon, silicone, epichlorohydrin, TPE, 
and engineering thermoplastics. Process 
equipment hands-on experience: inter­
nal mixers, extrusion, calendaring. Rheo­
logy test instruments: rheometers and 
viscometers. Willing to travel/ relocate. 
Box number 35A 

Recent grad (BSME 1991 ). Interested in a 
diverse design position (prefer machine 
design). Experience includes one year as 
a quality assurance engineer and one in 
machine design for factory automation . 
Additional training includes AutoCAD 
10/11 , prototype development/testing, MS 
Word, Harvard Graphics, 150-9000, 
TQM, MRP, SP(, and audits/surveys. 
Box number 36A 

MSME with concentration in material 
sciences, thesis on co'rrosion fatigue of 
titanium. MA in international manage-

ment with added concentration of policy 
and strategy. 25 years experience in re­
search and development, applied math, 
software development, and technical 
management. Work with sales and mar­
keting. Registered PE. Global experience. 
Box number 37 A 

1992 grad (BSME). One year experience 
in machine and chassis-centralized lu­
brication systems . Experience in 
AutoCAD, variety of computer software, 
and some management positions. Famil­
iar with many overseas countries. Fluent 
in Arabic, fair in French and Spanish. 
Interested in an international-related po­
sition. Call 804-423-8317. 
Box number 38A 

Former Navycryptographic maintenance 
technician with 15 years electronics ex­
perience. Past eight years spent teaching 
analog and digital theory, microproces­
sor computer design for a private college. 
Experienced in HF/UHFNHF receivers 
and transmitters, mainframe and 
midframe computer repair, bench level 
repair, calibration, antenna arrays, desk­
top PCs, LA s, and telecommunications. 
Box number 39A 

Ph.D in material sciences and English 
(expected 5/93), MS in material sciences 
(1991 ), MS in ME (1989), BTech in met­
allurgy (1987). Research experience: sur­
face and interface science, joining tech­
nology, failure analysis, composites, 
mechanical behavior of materials, elec­
tron microscopy techniques (TEM, 
HRTEM, AES, etc.), and mechanical prop­
erties characterization (MTS, Instron). 
Seeks R&D position in metals/ceramics 
research . Salary and location open. 
Box number 40A 

Excellent problem solver seeking growth 
position in area of design and/or devel­
opment. BSME (6/93), plastics engineer­
ing specialty, applied chemistry minor. 
Five years diverse cooperative experi­
ence in areas of alternator testing, heated 
windshield , machine design, cost sav­
ings, ultrasonic welding, and injection 
molding. Well ver ed in Taguchi DOE, 
SPC, DMF/A, and AutoCAD. 
Box number 41 A 

Materials scientist: MS; over twenty years 
materials and processing experience in 
consumer products, aircraft, gas turbines, 
and industrial machinery. Materials se­
lection, failure analysis, process defini­
tion, and specifications. Excellent prob­
lem solving and communication skills; 
extensive involvement in manufactur­
ing, quality activities, and technical and 
commercial interaction with customers 
and suppliers . Seek technical/commer­
cial position; great technical flexibility. 
Box number 42A 

Entry-level engineer with double MS in 
artificial intelligence, robotics, shape and 
speech recognition and BS in EE and 
linear/nonlinear control. Internship in 
fuzzy logic, e perience with AutoCAD. 

To submit an ad for inclusion in this co lumn, send a copy of your 
resume and a 50-word summary to: NASA Tech Briefs, 41 East 
42nd St. , New York, Y 1001 7, AnN: Gregg Mcqueen. 
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Languages: Assembler (8086), Pascal , C, 
LISP, PROLOG. Fluent in English and 
French plus nine years of German. Will­
ing to travel and relocate. 
Box number 43A 

Available immediately. 25 years experi­
ence in electrical and electronic applica­
tions; potting, encapsu lation, embedding, 
conformal coating, paints, and marking 
inks; thermosets and thermoplastics. Ex­
perience with ESD, RFI/EMI shielding, 
conductive, thermally conductive mate­
rials and all phases of plastics and poly­
mer processing. Excellent writing skills, 
specifications, reports; customer/vendor 
interface skills; supervisory experience. 
MS in polymer engineering. 
Box number 44A 

Ph.D in electrical engineering with over 
20 years industrial research experience. 
Interested in a supervisory position in the 
development of advanced microwave 
communications systems. Havedesigned 
microwave!millimeterwavecomponents 
and receiving systems using CAD tools. 
Fifteen published papers and one patent 
award in above areas. 
Box number 45A 

Software architect: 25+ years. Excel in 
design, development, and implementa­
tion of large-scale real-time, embedded, 
distributed, concurrent, and parallel pro­
cessing projects. Ski lled in use of com­
puter languages, operating systems, com­
munications, and hardware. Michael 
Andrescavage. Tel. 215-286-2053. 
Box number 46A 

Quality/ major subcontracts. 27 years 
experience on technical programs in 
quality assurance, quality control , major 
subcontracts, and procurement. Mil-Std-
2000 certified . Other experience in op­
erations management, ,tandards engi­
neering, safety, building, 150-9000, and 
configuration management. BA in math! 
physiCS. Wi II relocate. 
Box number 47A 

MSME/MBA shirt sleeve leader. Experi­
enced in all areas of manufacturing and 
planning, facilities, and project engineer­
ing. 20 years defining problems and find­
ing solutions. Turned two engineering 
groups into high profit centers. Computer 
literate including AutoCAD. 
Box number 48A 

Test engineer/QC!QAE, process devel­
opment, design, BSEE, MBA in manage­
ment. 25 years of design, analysis, manu­
facturing, tooling, quality assurance, pro­
curement experience within defense in­
dustries. Recognized for ability to im­
prove production and quality. 
Box number 49A 

Senior software engineer/ technical man­
ager (BS in math, MSME) with over 20 
years experience in software design/de­
velopment. Specialist in porting, conver­
sion, optimization, and parallelization. 
Demonstrated ability to deliver projects 
on time with exceptional people-han­
dling skills. Looking for full-time contract 
or permanent employment. US citizen 
willing to travel and relocate. 
Box number 50A 

Ph.D in materials science (May 1993) 
with experience in a new plasma-based 
ion implantation technology, materials 
characterization techniques, tribological, 
and corrosion testing. Interested in re­
search position in the surface modifica­
tion of materials or plasma process ing 
fields. Willing to relocate. US citizen. 
Box number 51 A 

Coordinated 150-9000 certification and 
accelerated stress screening for Malcolm 
Baldridge ational Quality Award win­
ner. Quality manager handling: TQM, 
SP(, JIT, DOE, benchmarking, Deming. 
MSEE, 16 years experience in electron­
ics, strong design (electrical, mechani­
cal), testing, programming skills, very 
efficient and energetic, will relocate and 
travel . Seeks senior management career. 
Box number 52A 

To Request Resumes: 

• • • • • • • • • • 

To obtain resumes corresponding to the above • 
Positions Wanted Ads, fill out this form and mail • 
to : NASA Tech Briefs, 41 East 42nd St., New York, • 

Y 10017. An : Gregg Mcqueen, or call 1-800- • 
944-NASA and ask for Gregg Mcqueen. • 

Send resumes for the following box numbers (limit 5): 

Box ____ __ Box ____ __ Box ____ __ 

Box ____ __ Box ____ __ 

• Name: ____________________________ ___ 

• • • • • • • • • 
• Company ame: · ------------------
• Street Addre s: ________________________ _ 

• City/State/Zip: • 

~ ................. ~ 
107 



100 

STMNS 
URETHANE F 
CAN TAKE THE 
STRESS 
When you can't tolerate product 
failure, look to Stevens polyure­
thane film and sheet for the 
Bellows must retain their ftAltibillitv 

and perform at low 
without cracking. That's why 
urethane was specified over 
Stevens urethane film and sheet 
could be the solution to your design 
problem. Thicknesses from .001 " 
to .125". Widths from S' to 50". 
Send for our free brochure today. 

JPS Elastomerics Corp. 
Urethane Products Division 
395 Pleasant Street 
Northampton, MA 01060 
Tel: (413) 586-8750 
Fax: (413) 584-6348 

Variseal W 

Low Friction Seals 
• Chemically inert 
• Low friction Turcon" 
• Spring loads suited to 

your exact force and 
torque requirements 

• Pressures to 30,000+ psi 
• 1/16" to 150" diameters 

Variseal™ W is our pressure­
activated seal made from low 
friction Turcon" PTFE compounds. 
The unique Slantcoil™ spring pro­
vides consistent sealing load, with 
permanent elasticity over the life 
of the seal. Call for catalogs and 
technical support. 1·800·466·1727 

Ji..V American Variseal 
n"f 510 Burbank Street 

Broomfield, Colorado 80038 
Fax: 303-469-4874 

A Member of the Busak+Shamban Group. 

For More In'onnatlon Circle No. 592 

New Literature 

Weber Knapp Co., Jamestown, NY, 
has publ ished a brochure describing 
computer furniture and worksta­
tion accessories that permit work 
surface adjustment to prevent re­
petitive motion injuries. Featured 
products include computer monitor 

INDEECO, St. Louis, MO, has re­
leased a catalog of its custom-de­
signed vaporizers and fluid heat 
transfer systems, wh ich provide pre­
cise temperature control of heat 
transfer oils or fluids circulated 
through any closed loop process. 
Packaged systems include electric 
heaters, pumps, valves, gauges, ex­
pansion tanks, temperature and 
power controls, heat exchangers, 
and all necessary plumbing. 
For More I nformation Circle No. 708 

height adjustment and keyboard po- i---------------j 
sitioning devices, a unique com- An updated catalog and reference 
puter mouse/trackball for worksta- guide from Keithley Instruments Inc., 
tions, and a heavy-duty positioning Cleveland, OH, includes technical 
mechanism for large work surfaces. data, specifications, selection guides, 
Travel ranges, tilt angles, and weight and application information on the 
capacities are listed. company's broad line of test instru­
ForMorelnformationCircie No. 702 ments and accessories. New prod­

1993 
ucts include the model 2001 7'12-digit 
DMM, BO-channel and 400-chan­
nel switch systems, several switch­
ing cards, an LCZ meter, and two 
parametric test systems. 
For More Information Circle No. 714 

A conductive thermoplastics bro­
chure from RTP Co., Winona, MN, 
serves as a primer and reference on 
the uses of conductive materials. It 
reviews the phenomenon of static 
electricity and provides current in­
formation on industry standards. In­
cluded is a sheet-extruded sample of 
PermaStat™ 600 to demonstrate col ­
or brightness and surface resistivity. 
For More Information Circle No. 706 

VXlbus hardware and software con- t--------------j 
troller products are showcased in a 
brochure from National Instruments, 
Austin, TX. It explains the benefits of 
VXI-based instrumentation and how 
to control VXI systems with GPIB­
equipped computers, embedded 
controllers, and MXlbus-equipped 
computers. Featured products in­
clude GPIB-VXI/C and MXlbus­
based interface kits and a line of 
VXlpc-4B6™ embedded computers. 
For More Information Circle No. 71 0 

A guide to selecting uninterruptible 
power systems is available from 
Computer Power Inc., High Bridge, 
NJ. It is designed to help users sort 
through the characteristics of UPS 
and related power protection prod­
ucts to choose the appropriate sys­
tem for critical industrial, medical, 
and military applications. 
For More Information Circle No. 712 

A 16-page booklet from Rittal Corp., 
Springfield, OH, illustrates its enclo­
sure design software. The Rilay, 
Power Plan, and Therm programs 
calculate enclosure requirements 
based on customer specifications for 
easy orderi ng. 
For More Information Circle No. 704 
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New Literature 

ZEM Press, Bethesda, MD, has pub­
lished the third edition of the CAD 
Rating Guide, which details 1 05 CAD 
programs for mechanical design, 
mapping, 3D modeli ng, structura l 
analysis, and NC tooling, wi th em­
phasis on geographic information 
systems, finite element modeling, 
and animation systems. The guide 
offers 505 pages of background in­
formation, vendor and product data, 
and user comments. 
For More Information Circle No. 728 

TA Instruments Inc., New Castle, 
DE, is offering literature on Modu­
lated DSCTM technology, a novel 
thermal analysis technique that pro­
vides insights into the structure and 
behavior of materials unavailable 
using conventional DSC methods. It 
offers improved resolution and sen­
sitivity, dired heat capacity mea­
surement, and separation of revers­
ing and nonreversing characteris­
tics of thermal events. 
For More Information Circle No. 718 

The 1993 Plastics DIGEST from In­
ternational Plastics Selector, 
Englewood, CA, details more than 
15,500 plastics, thermoplastics, and 
thermosets. A new Underwriters 
Laboratories (UL) test description 
section includes summaries of UL 
tests 94 and 746A pertai n ing to flam­
mability and ignition properties. A 
directory of plastics industry organi­
zations also is provided . 
For More Information Circle No. 722 

Technological advances in the ma­
chine vision industry w ill be closely 
aligned to the development of high 
definition television (HDTV), pre­
dicts a technical report published by 
the Machine Vision Association of 
the Soc iety of Manufacturing Engi­
neers. Entitled HDTV: Applications 
in Manufacturing, it outlines such 
benefits as improved measurement 
capabil ities and development of de­
centralized digi tal imagers on shop 
floors that link information via opti­
ca l fibers to a central computer. 
For More Information Circle No. 716 
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A 115-page nanopositioning gu ide 
released by Melles Griot, Irvi ne, CA, 
describes submicron positioning 
technology and detai ls a wide 
range of positioning equ ipment for 
fiber optics, integrated optics, laser, 
and other optical applications. The 
new equipment uses frictionless flex­
ure technology and rigid athermal­
ized designs to provide ultra-high-
resolution and stability. . 
For More Information Circle No. 726 

A fou r-color brochure presents flex­
ible circuits from Hughes Intercon­
nect Systems Division, Irvine, CA, 
designed to solve high-speed, high­
density packaging and interconnect 
problems. They include single- and 
double-sided, mu ltilayer, rigid-flex, 
fine-line, power-flex, and cryogenic 
circuits. Showcased are the new 
Gold Dot™ products, which inte­
grate high-density interconnects 
into flexible circuit assemblies. 
For More Information Circle No. 724 

EG&G Optoelectronics, Sunnyvale, 
CA, has issued a 16-page electro­
optics products and capabilities bro­
chure. The company's six divisions­
EG&G Canada, Electro-Optics, 
Heimann Optoelectronics, Judson, 
Reticon, and Vactec-offer products 
ranging from the UV to the far infra­
red, from simple emitters, nashlamps, 
and photocells to more sophisticated 
semiconductor lasers, detectors, and 
imaging devices. Featured products 
include silicon and InGaAs ava­
lanche photodiodes, PI D lamps, trig­
ger coils, and pyro-IR detectors. 
For More Information Circle No. 720 

For the tightest installations, Kaman's O.OaO-inch 
diameter sensor lets you resolve microscopic 
displacements down to 4 microinches at 50 kHz, 
without contact. Ideal for both magnetic and non­
magnetic materials, th is sensor is only one of 
Kaman's 24 standard sensors that let you see 
small changes in position . Call us for details. 

Kaman Instrumentation, 1500 Garden of the Gods 
Road, Colorado Springs, Colorado 80907 
Phone 719-599-1825, Fax 719-599-1823 
800-552-6267 

KAMAN 
For More Information Circle No. 644 

Questions about 
Pressure 
Control? 

Talk to the solvers for a wide range of 
pressure regulators and valves-for gas and liquid 

control from subatmospheric to 15.000 PSIG! 
Over 50 standard models + options 

Choices include materials. pressure ranges. port 
types and flow capadties (Cv =.01 to 15). 
Pressure redudng. back pressure. dome loaded. 
two·stage and electronically controlled styles do 
the job in high purity. hydraulic. high pressure. 

vacuum and vaporizing applications. 

C::===~-;:::::===:Ji 12616 Industrial Blvd. 

UESCOM ElkRiver. MN 55330 
COR " 0 R A T ION 1e.l. (612) 441.6330 
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Now THERE'S A FAST & EASY WAY 

To SEARCH 30 YEARS OF 

NASA TECHNOLOGY BREAKTHROUGHS 

NTB:ONLINE 
N ew from the publishers of NASA Tech Briefs: the first 
and only online database containing all 15,000+ technical 
briefs generated by NASA over the past three decades. 
Now you can instantly search NASA's vast resources to 
find ready-made solutions to your engineering problems, 
novel ideas for new products, and tips for improving your 
manufacturing/production operations. Discover a gold 
mine of innovations in these key high-tech fields : 

A Electronic Components & Circuits 
A Electronic Systems 
A Physical Sciences 
A Materials 
A Computer Software 
A Mechanics 
A Machinery 
A Fabrication Technology 
A Mathematics & Information Sciences 
A Life Sciences 

NTB:ONUNE is available to you every moment of the day 
from anywhere you can make a phone call (cellular 
included). All you need is an IBM-compatible or Macin­
tosh computer with a mouse and modem. Searching and 
receiving information takes seconds, from one-key logon 
to downloading of your search results. You can print or 
save lists of titles or full reports from a pull-down menu. 

The database is updated monthly to ensure you have 
online access to the latest tech briefs as soon as they are 
published. Full text is included for all briefs from 1989-
present; synopses are provided for briefs published in 
prior years. 

At the heart of NTB:ONLINE is a powerful, intelligent 
search engine that enables you to uncover information 
otherwise overlooked using traditional search methods. 
You can search the database using phrases, sentences, or 
paragraphs of free text. The most promising documents 
from the initial search then can be used to retrieve 
additional relevant records, which in turn are ranked by 
how closely they resemble the original document. You 
have the choice of using either the AI system or standard 
Boolean search techniques. 

NTB:ONLlNE is simple to use. Just read the two-page 
instructions and you' re up and running in minutes. 
Quick assistance also is available at your desktop via 
a toll-free number. 

Offered exclusively as part of the Knowledge Express™ 
selection of online technology databases, NTB:ONUNE 
is linked with two dozen other databases (searchable at 
additional charge) featuring licensable technologies from 
the Department of Energy, the EPA, NIST, MIT, and more 
than 100 other government agencies and universities. At 
your fingertips will be half a million records containing 
valuable information on current research projects, 
licensing and partnership opportunities, SBIR awards, 
funding opportunities, and corporate R&D activities, as 
well as business and technology transfer news. 

As a charter subscriber, your cost for a full year of 
unlimited access to NTB:ONUNE (including downloading 
of reports) is only $395, plus a $6.00 per usage hour 
communications fee . 



The new NTB:ONLINE is a true 
bargain: a single search could save you 
weeks - even months - of research. 
One successful application of ASA 
research could repay your modest 
investment in N TB:ONLINE many 
times over. 

Subscribe today using the convenient 
form below. 
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MEDIUM ARE THE DOMINANT SOURCES OF 
NOISE (121Ol-92) 

3) ROLLING STITCH WELDER FOR FOIL: 
A HANDTOOl SPOTWElDS FOIL WITHOUT 
DAMAGING IT (12J03/92) 

4) POROUS BARRIER TO fLOW OF HOT 
GAS: THE BARRIER PROVED SUCCESSFUL 
IN PROTECTING A BEllOWS SEAL (12103192) 

TITlE 

VAPOR OEPOSITION OF METAL FROM GAS/TUNGESTEN ARC A PROCESS DERIVED FROM 
WELD ING MAKES HIGH- QUALITY FI LMS 

DESCR IPTI ON 

ABSTRACT' A vllcuum glls/tungs t~n-lIrc vopor-d~-position proc~ss wos dl,cov~r~d 
during on Inv~5 tl gatlon of vocuum hollow elec trode overlays for use In r abr~cat10n 01 
componenls of the main en9in~ of the Spoce Shu ttl e The process might be use ful in 
making thin me tal lic coals tho l would serve 0 :1 e lec trica l conductors, radiO rellectors 
or lIntenoD elements, or optical mirrors of partial or ultrahigh reflective ly The 
process mi9hl 0150 be used In making semiconductor devices 

The process Yields h1 ghly reflective, smooth films that reproduce almost perfectly the 
contours of the surfaces on which they ar e depoS1 ted The ro l e of depOSItion cnn be 
controll ed prec ise ly , nnd the surf nee texture cnn be vorl ed, ir desired The process is 
cnpable of deposition at rates double those of standard ,oullering 

In a demonstrat10n 0 1 lhe process, the deposition ore was generated by using an 
Inco.903 ni ck ~ I-J.1IJl!J wire to w~ld lin Inco nick~ l -iI.lln!J workpi~c~ Th~ vapor thus 
produc~d coated a Pyrex gloss substrate with a thin ll1l..u.y layer composed of 2S percent 
nickel and 75 percent chrom ium. (The composition of the depos ited materi al I, rellJted 
to the vopor pressures of the melted mo terin1s') The Inyer odhered strongly to l he 

NTB:ONLINE is fast and easy to use: simply input the key word or 
phrase related to your current research project, then quickly review 
the tech briefs associated with that subject. No complicated codes or 
keystrokes are required. 

es! I wan t to tap into NASA's multi-billion dollar technology bank to gain a competitive edge. Sign me up for: 

o N TB:ONLINE one-year subscription - $395 

o NTB:ONLINE 60-day trial subscription - $95 
(Credit card orders only. Your account automatically will 
be billed $300 for the balance of the year if subscription is 
not cancelled in writing by the end of the 60-day period.) 

Format: 0 Macintosh o IBM-compatible 

o check enclosed (payable to Knowledge Express Data Systems) 

o bill my credit card account: 0 AmEx 0 Visa 0 Mastercard 

Expire Date 

o I need more information; please have a sales representative ca ll. 

Mail to: NASA Tech Briefs:O LI E, 41 East 42nd St., #921, New York, NY 10017. Fax credit card orders to: (212) 986-7864. 



MAR K ET P LA C E To Advertise-Call (212) 490·3999 

RACKMOUNT SYSTEMS 

080286,386 or 486 I SA/EI SA Industrial Rackmount Systems 
020 enclosure Models Available - Upto 20 Slots 
o Built-In Color or Mono Monitor - 9", 10" or 14" 
l Motherboord or CPU Cord & Backplane Boord 

- Segmented Bockplane Ava ilable : Upto 6 Systems 
In One Enclosure 

ALSO : Monitors, Keyboards. CIJ/I Dr ftJl for fm B_,lIm!! 

APPRO International,Inc 
3687 Enochs Street ., Santa Clara, CA 9505 1 
Tel: 800-927-5464 Fax: 408-732-6091 
For More Information Circle No. 556 

FOR SALE 

Send for FREE 
Featuring: ~Iar Editing Consoles; 
Equipment Cabinets; MJltimedia Stations; 
Tape Storage Systems. 

WRITE or CALL 800-447-2257 
The Winsted Corporation 
10901 Hampshire Ave. So. 

Minneapolis, MN 55438 

FAX: 612-944-1546 
For More Information Circle No. 595 

C-PLC TM 
8289! 
• New C Programmable miniature controller 
• Seven 1 O-bit analog inputs 
• Seven dig ital inputs 
• 10-bit DAC: voltage or current output 
• Twelve digital/relay driver outputs 
• RS-2321RS-485 serial ports 
• Enclosure with LCD/Keypad available 
• Expansion bus for additional, low cost I/O 
• Easy to use Dynamic e™ development 

software on ly $195! 

Z·World Engineering 
1724 Picasso Ave ., Davis, CA 95616 

(916) 757-3737 Fax: (916) 753-5141 
24 hr. Information Service: (916) 753-0618 

(Call from your fax and request data sheet #24) 

P.O. Box 2480 
215 S. Second Ave. 
Frisco, co 80443 

(303) 668-1255 (303) 668-1242 FAX 

WE SPECIALIZE IN 
IDGHENERGY 

MAGNETIC MATERIALS, 
ASSEMBLIES AND 
HEAVY GAUGE 

PRECISION WOUND 
CUSTOM COILS 

For More Information Circle No. 638 

REAL-TIME NETWORK 

The SCRAMNet etwork'M combines the real­
time speed of replicated shared memory with the 
flexibility of a fiber optic LAN to get microsecond 
response from multi-vendor computers. Ii allows 
you to connect di simi lar computers at 150/Mbits/ 
sec over fiber optics, with zero software overhead. 
This replicated shared memory network offers 
data filtering, programmable byte swapping, and a 
sophisticated interrupt structure. 

Systran Corp ., 4126 Linden Avenue, 
Dayton, OH 45432-3068 USA. 
Phone (513) 252-5601 or 1-800-252-5601 

For More Information Circle No. 636 

~ 

4MEG VIDEO™Modell0 
Flexible Imaging & Application 

Accelerator for the PC/AT 

• 8 -8000 Pixels per Line 
• 2 -19 MHz Sampling & 

Display Rate 
• 4 or1 MB Image Memory 
• 10 MIPs Programmable 

Application Acce lerator 
• RS-170, CCIR , & Non­

Standard Video 
• Area or Line Scan Input 

"'1~lrJ:'~[;'1iIiiI.'I\'=;.:.\ • Analog / Digital Input 
• Extensive Software 

3005 MacArthur Blvd 
Northbrook, IL 60062 
Tel 1708 498 4002 
Fax1708 498 4321 

@1993-EPIX. Inc .• U.s.A. 

ARE YOU STILL TRYING 
TO MEASURE VERY THIN 

GAPS THE HARD WAY? 

Capac itec H PS Series of th i n (back to 
back) sensors can measure gaps as 
sm all as O.010"(.254mm) inboard 84" 
(2133.6mm) w ith acc urac ies of 0.0003" 
(7.6" m), w itho ut sc ratchi ng de licate 
surfaces. 

~Capacitec 
P.o. Box 819, 87 Fitchburg Rd., Ayer, MA 01432 U.S.A. 
Tel. (508) 772-6033 • Fax (508) 772-6036 

For More Information Circle No. 648 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
Fre~ 130 page product catalog from Rolyn, 
world's largest supplier of "Off-the-Shelf" optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors , beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod­
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (81 8)915- 5707, 
FAX (818)915-1379 

For More Information Circle No. 491 

Precision Positioning 
Anywhere! 

Farrand linear and 
rotary Inductosyn@ 
transducers 
provide absolute 
and incremental 
positioning infor­
mation accurate 
to ±40 microinches, ±D.5 arc second , or better. 
Rugged and reliable, our position transducers 
operate anywhere, even under extreme 
conditions- vibration, temperature from 
100 K to 160°C, shock, high pressure, vacuum, 
and dust or oi l films. 

Call 914/761 -2600 or fax 914/761-0405. 

rum FARRAND CONTROLS 
DIVISION OF RUHLE COMPANIES, INC. 
99 WALL STREET-VALHALLA, NY 10595 

For More Information Circle No. 573 For More Information Circle No. 555 For More Information Circle No. 582 
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IARKETPLACE To Advertise-Call (212) 490-3999 

An Innovattve Approach to Attaining 

"World Class Manufacturing 

Business Performance" 

Author Gunn puts for­
ward a new nine·step 
approach to develop" 
ing and implementing 
a future oriented 
manufacturing strat· 
egy. From the com­
puter·integrated en­
terprise to the open­
ended quest for qual" 
ity, Gunn's program 
reflects a breadth of 
vision his experience 
has brought him. 

Only $28.00 piUS $5.00 for shipping and 

handling . NY residents add sales tax to total. 

Mail your order to: 

NASA Tech Briefs, Dept. F, 

41 East 42nd St., j/921 

New York, NY 10017 

For credit card orders call (212) 490-3999 

Announcing, , , 
NEW IBM®-compatible, 
high-performance analog 
and digital I/O boards! 

The RTI®-834IRTI-835. , . 
they open data acquisition 
doors! 

Il ~~Cl&~ 1-800-426-2564 
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and more 

• Thin, 
lightweight, efficient 

• low smoke, non.burning, non.smelling, 
excellent chemical resistance 

• Usable from "320' F to over 500' F 

Send for more infonna~on or somples. 
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Electroforms ... 
The Ultimate Transformation 

for free brochure 
Electroforms Characteristics: 
• Convert assemblies into ONE piece 
• Extreme light weight with close tolerances 
• Unique shapes for unique applications 
• Withstand extreme temperatures (-423° F) 
• Surface finishes as fine as 16 R.M.S. 

Servometer Corporation 
501 Little Falls Road· Cedar Grove, NJ 07009 
(201 )785-4630 • Fax: (201) 785-0756 

-----SeRVOleTeR®-R --' 
For More Information Circle No. 465 

A Graphite / Metal Alloy: 

1) Self- lubricated ... no oil , no fumes, 
odor or sparking. 

2) Low/High temperature ... minus 400°F. 
to over 750°F. 

3) Low coefficient of fric tion ... solid 
GRAPHALLOY throughout. 

4) Submerged ... no expansion or wash­
out in most liquids even to molten metal. 

5) High Loads. Will not cold flow. 
6) No Corrosion. W ithstands most 

environments. 
7) Low coefficient of thermal expansion. 
8) High Speeds .. . for pumps, centrifuges. 

What 's YOUR Bearing PROBLEM? We have SOLUTIONS! 

GRAPHITE METALLIZING Corporation 

1050 Nepperhan Ave., PO. Box 110, YONKERS, NY 10702 

Tel. 914-968-8400 • Telex 13-1571 • FAX 914-968-8468 
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THE TECHNOLOGY CONNECTION: 

To Advertise Call (800, 944·NASA 

Meetings/Workshops 

NASA's 1993 
SPACE STATION 

FREEDOM 
UTILIZATION 
CONFERENCE 

lillie 21-24, 1993 

San Francisco Hilton 
San Francisco, California 

Learn about past accomplish­
ments, present activities, and 
future plans in space-based 

science and technology 
development. 

For more information 
Call 800-933-2089 

or FAX 202-863-8407 

Technology Transfer 
Publications 

Are You Serious About 
Technology Transfer? 

If so, you 'll profit from Technology Access 
Report, the leading independent, practical 
newsletter in the field . Technology Access 
Report will help you master the process 
and increase your returns from technology 
Iransfer. You will find licensing and spinoff 
opportunities from universities and federal 
labs, for aU industries and technologies. 

Special Offer:-<>rder your valuable, 
exclusive Technology Access Re­
source Ki t: 

• Concise, durable annotated directory 
of the key tech transfer resources 

• Current issue of Technology Access 
RepOl1 

• Comprehensive. five-year guide to 
Technology Access Report articles 

• Discount coupon worth $50 towards 
your subscript ion (regularly $447 for 
12 month ly issues) 

• All for just $9.95 (AmexiMCNisa, 
cash or check) . 

Call1-800J959-1059, fax 5101549-4342 or 
write to Technology Access SubSCriber Ser· 
vices, P.O. Box 2189, Berkeley, CA 94702 

Technology 2002 
Conference Audiotapes 

Discover the latest inventions 
developed under the government 's 

multi-bi llion dollar research 
budget. Choose from essions on 
manufacturing, materials, biotech, 

computing, and other critical 
technologies. 

For complete ordering information, 
call (212) 490-3999 

or write to: 
Associated Business Publi cations, 

41 East 42nd St. #921, 
New York, NY 10017 

Databases! 
Informatioll Searches 

This is what the Federal 
Laboratories Database 
can put at your fingertips: 

.2,000 Federal Labo­
ratories, Facilities 
and Centers 

• $70 billion in R&D 
• expertise in 170 

Critical Technologies 
• specialized laboratory 

equipment 

For information on the PC 
($495) and Macintosh ($695) 
versions of the FLD contact 
the: 

Mid-Atlantic 
Technology 

Applications Center 
800-257-2725 

Professional 
Services 

NASA Tech Briefs, tSSN 0145·319X, USPS ~============ 
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Patent Attorney 
Electronics/Software 

I.Ionescu, MSEE, PE, JD, MBA 
203-381-9400 

(FAX 203-381-9401) 
Box 697, Stratford, CT 06497 
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THE DEFINITIVE SYSTEM FOR 
TECHNICAL COMPUTATION 

"Not merely a product but a revolution" 
-Macworld 

"The importance of the program cannot 
be overlooked" 

- New York Times 

Basic function: Integrated environment for 
numerical. symbolic. graphical computa tion. 
interactive programming. 

Users: Scientists. engineers. mathematicians. 
programmers. financial ana lysts. student . 
Over 150.000 worldwide. Includes all 50 
largest U.S. universities. 

Numerical computation: Arbitrary-preci­
sion arithmetic. complex numbers. special 
functions (hypergeometric. elliptic. etc.). com­
binatorial and integer function. MatJix opera­
tions. root fmding. function fitting. Fourier 
transforms. numerical integration. numerical 
solution of dilferential equations. function 
minimization. linear programming. 

_ Numerical Computation 

,,50315 SSn4 9Q 3.A 160 1315571 ':t86n85 84 9 

}{yp",Z"O'aanetric2Pl(7. 5, 4.1 , 3 -1 J 

-0.00403761 - 0.00295663 I 

~ . 

~ . 
Symbolic computation: Equation solving, 
symbolic integration. differentiation. power 
series. limits. Algebraic operations. polynomial 
expansion. factorization. simllification. Oper­
ations on matrices. tensors. lists. Lrings. 

• Symbolic computation 

Inteqrat",{x I (a + Ib(p[x). xl 

2 x L09 (1 + ~\ 
x • 

2a a 

PolyLog[2. -(~)] 
a 

J 

I 

Graphics and sound: 2D. 3D plots of func­
tion. data. geometrica l objects. Contour. 
denSity plots. 3D rendering with intersecting 
surfaces. lighting models. symbolic descrip­
tions. Color PostScript output. combining and 
labeling. publica tion quality graphics. anima­
tion (most versions). Sound from waveforms 
and data (most versions). 

Programming: High-level. interactive. symbol­
ic language. Procedural and functional program-

For More Information Circle No. 588 

ming COnSlnlcts. Transformation niles and pat­
tem matdling_ Fully rompatible on aU platfomls. 

o built-in limitations on computation size. 

. Programming 11 
100'(1] • 0 
100'[8) _ 1 
log-ex y 1 :c log{x] + loo[y] 
log-ex "'0_ 1 !:a n loo[x ] 
log' (x_ J _ l/x ( - darivat:lva * ) 
10q/: Inver seFuoctioo(log) • exp 
logl: Sarlea[log[x_ l. (x_ . 1. 0 _ )] : _ 

SUm[-{-I)"k (x-I) "k/k. (k. 1. 0)] + 
O(x.l1"{D+l) 

Externa l interface: Input of data (numbers. 
record. text) from l1les. programs. Output in 
TeX. C. Fonran. Po tScript. Calling of external 
programs and functions. General MathLink'8 
interprocess communication mechanism. 

User interface: Ele tronic book interactive 
documents mixing text . graphics. animations. 
calculations. Graphics. animation. ound in­
terapplication compatibiliry. Style sheets. hi­
erarchical outlining. Computation kernel can 
run on remote computer (most versions). 

Additional material: Journal. newsletters. 
more than 30 books. Add-on packages. free 
MathSourcewele tronic resource. 

Versions: Macintosh · Microsoft Windows 
• M -DOS · NEC PC · DEC RIS . VAX · HP 
• IBM RISC • MIP • NeXT · GI · Sony · 
SPARC. Sun-3 • CONVEX and others · Net­
work licensing available. Student versions. 
Now shipping Version 2.2. 

For the latest infamia/ion call Wolfram Research at: 

1-SOO-441-MATH 

Wolfram Research 
WoHram Research, lnc. 
tOO Trade Center Dnve. Champal9n. IL6t820-m7. USA 
. t·2t7·J9II.0700;fax tl -2t7-J9II.0747. emari Info@wncom 

Wolfram Research Europe Ud. 
Evenlode Coon. Main Road, Long Hanborough. Dxoo DXS 2LA, UK 
t44{O(993-883400, fax t44{O}993-8838lJ. emarl InflHlUro@wncom 
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The Ultimate Combination Of Fbwer And Ease-Of-Use. 
Now Available For Both WmdowsAnd OS/2. 

Introducing the first pro­
ject manager your entire 
company can use. m 

For power 
users, there are • , • 
dozens of new fea- _""=-

tures, functions and an internal develop­
men t language that makes creating ad­
vanced macros quick 
and easy. 

For beginners, 
the easiest, friend­
liest interface and 
shortest learning 
curve in the industry. 

~: :;i 
::::! 
.'."" 
MICROSOf1'. 
WlNDOW 
COMPA11IlU! 

Buy one version, 
get the other FREE. 

The new graphics and reporting 
options will make every user look like a 

genius. And 
since it runs 
under 
Windows 
and OS/2, 
you won't 
be burning 
any bridges. 

FOR A FREE DEMO DISK CALL 
1-800 CALL CAl EXT. 240. 

call today to test-drive the award­
wining project management 
software that can j40 ..... PU ... ER. 
help you manage IYI'I 

the future. SSOCIATES 
Today. Software superior by design. 

New CA-SuperProject 3.0. 
C Compuler Associales Imernalional. lnc., One Com pUler Associales Plaza. Islandia, NY 11788-7000. All producl names referenced herein 
are trademarks of their respective companies. 

For More Infonnation Circle No. 503 
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