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LabWindows*/CVI

The Programming Power of C, the Development Ease of Basic

instrumentation - the interactive approach. With

LabWindows/CVI, you harness the power and
flexibility of ANSI C through easy-to-use interactive
code-generation tools. LabWindows/CVI is an ANSI C
programming environment with GUI objects,
instrumentation libraries, data analysis functions, and
utilities specifically designed for data acquisition and
instrument control systems.

D iscover a new approach to C programming for

Interactive Development
As an instrumentation system developer, you need quick
results. With LabWindows/CVI function panels, you can
interactively acquire data from plug-in boards, or control
GPIB, VXI, and RS-232 instruments
without writing a single line of code.
Then, use function panels to generate
code automatically and jump start
your programming efforts.

INSTRUMENTS

The Software is the Instrument®

y NATIONAL

C Programming Flexibility

LabWindows/CVI is more than just interactive tools to
make programming easier. With LabWindows/CVI, you
have the power and flexibility of ANSI C at your finger-
tips, so you can be assured that it is fast enough, powerful
enough, and flexible enough to get your job done. Plus,
the integrated LabWindows/CVI environment has the
advanced editing, compiling, and debugging tools you
expect. Combining the power of ANSI C with an interac-
tive, Basic-like development environment results in true
programming productivity.

You don’t have to sacrifice ease of use when you program
in a standard language anymore.

Call for a FREE s
LabWindows/CVI ‘
demo disk

(800) 433-3488

(U.S. and Canada)

6504 Bridge Point Parkway ® Austin, TX 78730-5039  Tel: (512) 794-0100 » 95 (800) 010 0793 (Mexico) * Fax: (512) 794-8411

Branch Offices: Australia 03 879 9422 « Austria 0662 435986 + Belgium 02 757 00 20 » Canada 519 622 9310 » Denmark 45 76 26 00 « Finland 90 527 2321 « France 1 48 14 24 24 « Germany 089 741 31 30
Italy 02 48301892 + Japan 03 3788 1921 » Netherlands 03480 33466 » Norway 32 848400 » Spain 91 640 0085 » Sweden 08 730 49 70 » Switzerland 056 20 51 51 » U.K. 0635 523545

© Copyright 1994 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies.
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Without writing a single line of C
or Fortran, you can easily
explore, create, and apply the
innovative signal processing tools
that let you keep up with—and
advance—the leading edge.
Rapid algorithm development
You create DSP algorithms in
MATLAB just as you would write
them mathematically. As a
result, you can rapidly validate
your designs long before you
commit to a full implementation.

Your work always draws upon
world-class tools, whether you

rely on classical methods or invent
spgab signal ",;t 'Tb“: o f,,qmbm state-of-the art technology.

MATLAB brings a foundation of
S e a t e over 500 math, scientific, and
engineering functions to your

desktop. Each function is tuned

language of e S
signal processing

with MATLAB:

I:e MATLAB Signal Processing  Because its matrix language is
Toolbox is a powerful interactive ideal for vector processing and Expand your DSP vocabulary
environment for signal analysis, ~ data analysis, MATLAB helps you ~ With the high-level MATLAB
algorithm development, and DSP  solve the widest range of signal language, it's easy to modify the
design. processing problems. source code for any toolbox
function, or add your own. Or

Visualization of a 2-D FFT. Efficient FFT

algorithms form the basis for powerful
spectral analysis and estimation functions.

Signal processing power A o
The Signal Processing Toolbox uaina Signal emcmssing Witk
Siien you +a ssivaled bty to other toolboxes to design custom
S, el it adibrn g solutions to complex problems.
and time-series data. Powerful Powerful GUI tools let you build
functions let you perform FFTs, intuitive applications that look
spectral estimation, and filter like pre-packaged software, but
P~ 2 e design in a single step, then address your specific design and
to design filters to fit any specification. display the results automatically.  analysis needs.

o For More Information Write In No. 501

MATIAB

Picture the Power

Signal Processing Toolbox

* Complete tools for filter design,
analysis, and implementation

* FFT, DCT, cepstrum, chirp-z,
Hilbert, and other transforms

* Spectrum estimation and
statistical signal processing

* Signal and linear system models

* Specialized design tools for
embedded real-time, multi-rate,
and communications systems

¢ Integrated with application
toolboxes for:
- Image Processing
- System Identification
- Higher-Order Spectral Analysis
- Neural Networks
- Optimization

The Ultimate Technical
Computing Environment™
MATLARB is an extensible,
interactive Technical Computing
Environment that seamlessly
integrates computation,
visualization, and modeling on
PCs, workstations, and
supercomputers. You'll find it
wherever people speak the

language of signal processing.

For a free technical brief that will
show you the signal processing
power of MATLAB, call us today.

508-653-1415

24 Prime Park Way / Natick, MA 01760
Tel: 508/653-1415  Fax: 508/653-6284
Email: info@mathworks.com
Mosaic: http://www.mathworks.com
The MathWorks is represented in the following countries
Australio: +61-2-922-6311 ® Brozil: +55-11-816-3144
Fronce: +33-1-45-34-23-91  Germany: +49-241-26041
Indio: +91-80-2-260-260 ® Isroel: +972-3-561-5151
Italy: +39-11-24-85-332 © Jopan: +81-3-5978-5410
Portugol: +34-3-41549-04 @ Scondinovio: +46-8-15-30-22
Spain: +34-3-4154904 © South Korea: +82-2-517-1257
Switzerlond: +41-31-998-44-11 © Taiwon: +886-2-501-8787
For Belgium, Luxembourg, The Netherlands, United Kingdom
and Republic of Irelond coll Combridge Control, Lid: +44-223423

200 or Rapid Dato, Lid: +44-903-821-266

MATLAB is a regi d trademark of The MathWorks, Inc.
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MSC/NASTRAN AN ANALYZE IT. =

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

Open choice of platforms, too. Desktop personal computers, workstations, supercomputers...
MSC/NASTRAN gives you unprecedented freedom of choice. Input and results are easily

transferred from one computer system to another.
e qawend™

If you can model it, MSC/NASTRAN can analyze it. e
Call 800-642-7437 ext. 500 for more information and - MacN {00
b\ bl core©™®

a brochure.
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THE KNOWLEDGE eXPRESSWAY ™

The Fast Track for Technology Transfer
and Business Development

COMMUNICATIONS
- E-Mail
- Forums
- Roundtables

INDUSTRY
- Collaborative opportunities FEDERAL & UNIVERSITY
- Needs & capabilities LABORATORIES

- Technologies & luct 3
s e il S - Research in progress

- Scientific expertise
- Technologies

NEW BYPASS NOW AVAILABLE

T S T AT Connect via Internet or modem for
THE DIRECT ROUTE | quick access to the.Knowledge FREE RQADSIDE ASSISTANCE
Expressway. Carpool with thousands With toll-free customer and technical

With the power of Natural Language of technology transfer professionals support, cruising down the Knowledge
Processing, there is no complicated using elegtronic communications. Expressway is worry free. A Knowledge
language to learn. Direct access to the Find solutions to your technology Express Technology Access Consultant
largest collection of technology needs qulckly and efficiently, will help you plan your travel on the
transfer and business development steering clear.o_f wrong turns that information superhighway.
information available makes the reduce productivity.

Knowledge Expressway much more
than a bulletin board of dated and
unedited material. Current information
and quality control helps you avoid
unneccessary detours.

S| o

WIDENED ON-RAMPS l

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

| 4 | 4

Fasten Your Seat Belts!

Jump on the Knowledge Expressway and join thousands of federal laboratories,
universities and technology businesses worldwide who are already in the express lane.

Knowledge Express Data Systems
One Westlakes, 1235 Westlakes Drive, Suite 210, Berwyn, PA 19312
800-529-KEDS or 610-251-8000 Fax 610-251-8001

For More Information Write In No. 698



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

FAX: (708) 6479660

Name;

B Title:

& Company:

Address;
City: State:

Fax:
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When Time
Is Money...

Call, write or fax for your
FREE CATALOG today!

Rated #1 for. . .
e Availability of Product!
e On-Time Delivery!
e Overall Performance! 1-800-344-4539

701 Brooks Ave. South, Thief River Falls, MN 56701
Fax: 218-681-3380
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World-renowned artist Peter Max designed this month’s cover
using a computer from Silicon Graphics Inc. (SGI). When Max
speaks of SGI, his tone turns reverential. “When | found out about
SGI, | immediately flew [there]," he said. “It was like a pilgrimage,
like walking into a playground of a new kind." In his eyes, the com-
puter system that has helped engineers visualize the dynamic
interplay of forces working on aircraft and spacecraft also can
allow artists to reinvent their craft.

Max found his new epiphany in SGI’s Indy™ system, a desktop
computer that combines a digital color video camera with a host of
digital media and 3D graphics capabilities. If Max’s brightly colored,
improvisational images of the 1960’s defined the Beatles era, his
current approach aims “to bring futuristic art forms into the new
millennium.”

Recently, Max has been using this electronic canvas to add the
dimension of time to his work, with instantaneously changing col-
ors and forms. He also devised a digital gallery, in which the “visi-
tor,” at a computer monitor, “walks” through the gallery and views
the paintings apparently hung there. For the cover of this issue,
the artist used mixed media, incorporating some of his computer-
generated kaleidoscopes in the collage. He said his intent was “to
create a fantasy of what is out there in space.”

Thus, through art, NASA has chalked up a new kind of spinoff.
In the early 1980s, the newly-formed SGI began seeking cus-
tomers for a new 3D graphics technology. NASA engineers at
Ames Research Center needed a way to visualize the oceans of
data collected from computational fluid dynamics research. NASA
found its answer at SGI, whose machines, along with software
developed by SGI and NASA, turmned these data sets into active
3D images, which in turned provided insight into improving air-
plane designs.

Max expressed excitement about being a part of a NASA spin-
off. He had tried other computer equipment, only to be disap-
pointed. “l thought, | am so much faster with a razor blade or with
my pen,” he said. But with the SGI equipment he found he could
create complex moving images with the immediacy of painting.

Max has a history of high-profile works, from the 1974
“Preserve the Environment” postage stamp to the 1994 White
House commission to paint the “Peace Accord” commemoration
of the handshake between Israeli Prime Minister Yitzhak Rabin and
PLO Chairman Yassr Arafat. He was named the official artist of
Super Bow! XXVIl and created the art for World Cup ‘94.

NASA Tech Briefs, November 1994
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The CY-ASP is the fastest digital data stor-
age solution on the market, able to store up
to 70 GB at speeds of up to 200 MB per min-
ute, unattended.

But there’s more.

The fastest subsystem is also the most
flexible, giving you a choice of four record-
ing modes plus offline copy and verify
functions.

In Single Mode the drives operate
independently.

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

In Mirroring Mode the same data
writes to multiple tapes simultaneously.

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

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

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

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

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

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

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

(804) 8739000

C O N J-E W B .O 8 A R-Y

CYBERNETICS

Rock Landing Corporate Center ¢ 11846 Rock Landing ® Newport News, VA 23606 ¢ Fax: (804) 873-8836
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Vespel parts can
handle some of

the toughest jobs.

Like paying for
themselves.

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

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

If your applications require parts that can
withstand extreme temperatures (-350°F to 550°F),
Vespel should be your first choice. Vespel should



Insulators. In plasma-arc

cutting torches, Vespel

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

Seal Rings. /n the assembly
@ of automobile transmissions, Vespel
seal rings reduce costs by replacing
expensive metal rings, which can fracture or
deform during assembly. They also reduce
warranty costs by producing a better seal.

Thrust
Washers.
In farm
tractor transmissions,
Vespel thrust washers
reduce costs and
manufacturing
time by eliminating
the need for
secondary
machining.
Vespel washers
- j also exhibit high
performance and
low wear with limited
or no lubrication.

b e

Bearings.
In photocopiers,
Vespel composite

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

Bushings.
In aircraft
engine

vanes, Vespel
bushings withstand
high-frequency
vibration dithering
and offer excellent
stability and lubricity
at high temperatures. They also reduce assembly time.

Wear Strips.
In textile equipment,
Vespel tenter frame

clip wear strips reduce costs by
eliminating the need for lubrication. They
also improve textile manufacturing quality
by eliminating oil contamination, and

provide good wear and temperature resistance.

also be consigigred if you have parts thal IF YOU WANT TO Angl Ve:spf;l parts can l?e direct-formed,
rub together, if metal parts are too noisy, | GETTECHNICAL | which eliminates machining costs.
or if fluid flow needs to be controlled. For informatian, When you consider how cost-effective

: Froies call 1-800-4267246. : i
Superior strength and reliability [orwite: DuPontVespel*| Vespel parts can be in the long term, it’s
x s = : . T Product Information “1a c L c

aren't the only ways Vespel can save YOU | cenier po, Box 1138, clgar. that we _don t just make better
money. Often, you can consolidate two | BlomfieldHils M | bushings, bearings, washers and seals.

5 a9 ‘ . 48303-1138.
or more existing parts in one Vespel piece. We make better sense.

QUPOND

Vespel

Only by DuPont
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Merlin™ Mesh Enhancement Technology gives you
the highest quality finite element mesh available

Typical unconditioned meshes from “competitive” products
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(Algor brick element models above shown with an 85% shrink-element factor.)

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

Additional “After Merlin” Examples

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

*ALGOR.

When the Engineering

Has to be Right ™

Algor backs its software products
with a Satisfaction Guarantee.
Call or write for details.

For DOS, UNIX and Windows NT

150 Beta Drive
Pittsburgh, PA 15238-2932 USA
Phone: (412) 967-2700
Fax: (412) 967-2781
California: (714) 564-2541
Europe (UK): +44 (784) 442 246
Tokyo: +81 03-3589-6148

™ Trademark of Algor, Inc.
Copyright © 1994 Algor, Inc.
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Muny developers have
never been introduced to the
MATRIXy® product family from
Integrated Systems. And still, it's
revolutionizing the way control
systems engineers develop soft-
ware. &o==0 MATRIXy is the only
integrated family of development
tools for real-time control systems.
It guides you through the dynamic
process of design, analysis, simula-
tion and code generation, allowing
you to evaluate and modify system
models as you develop. So you can
be confident that you’ll get the

very best performance from

<
your system. 9 Each MATRIXy

product is the best in its class. And

evelopers
Stunned
s Family
Of Five
egins To

Control

The World




bgéther they make up the only
Bhiie bl wolition for simple o
complex control system design. Plus,
théy fun on both PCs and work-
sfoﬁons. 3 \\..'; And remember,
unlike products mathematicians
design for classrooms, MATRIX is
mMng complex design problems
throughout the industry, day in and
day out. So whether you need tools
for modeling and simulation, or a
proven soiution to take you from
concept to code, MATRIXy is the
answer. </4§ For real-world appli-
cations, nothing even comes close
to MATRIXy. Maybe it's time you

met the family. Call 1-800-770-3338

for more information.




NEW LINK

BETWEEN

COMPUTER
GRAPHICS

THE LATEST ADDITION
THE RGB SPECTRUM FAMILY OF
VIDEO SCAN CONVERTER
i it

RGB/VIDEOLINK®
1500 SERIES

CONVERTS HIGH SCAN RATE

iMAGES FROM COMPUTERS,

RADAR, OR FLIR SENSORS TO
VIDEO FORMAT FOR RECORDING,

TRANSMISSION, PROJECTION

AND TELECONFERENCING

Adjustment free auto-locking
to all workstations and PCs

Flicker-free, broadcast quality
NTSC RS-170A or PAL
composite video, S-Video
and RGB outputs

Optional RGB 31.5 kHz
for video projection

Optional graphics/video overlay

Full 24-bit color processing;
over 16 million colors

Models from $9,495.00
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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NASA Langley developed the Quick-Attachment Joint for astronauts to assemble high-precision structures in space. Possible
commercial applications include quick-assembly scaffolding for high-radiation environments.

NASA Technology could provide the

answer you've been looking for!
We’ve got the technology that could help you gain the competitive edge.

TECHNOLOGY OPPORTUNITIES SHOWCASE

April 6-8, 1995
NASA Langley Research Center
Hampton, Virginia

NASA Langley’s Technology Opportunities Showcase (TOPS) is a 3-day exposition to facilitate the transfer
of technology from government research to U.S. industry profits. The primary goal of the Showcase is to bolster the U.S.
economy by developing partnerships with aerospace and non-aerospace firms for expediting technology transfer. TOPS
’95 will feature many exhibits of Langley technology - new innovations available for licensing and commercialization.

FOR MORE INFORMATION, CONTACT: JiM RAPER, TOPS IMPLEMENTATION MANAGER 804-864-8886 (VOICE), 804-864-8885 (FAX), OR
E-MAIL: J.L.RAPER@LARC.NASA.GOV * TOPS IMPLEMENTATION OFFICE MS 213, NASA LANGLEY RESEARCH CENTER, HAMPTON VA 23681-0001
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Technology 2004, the fifth
national technology transfer
conference and exposition
(November 8-10, Washing-
ton, DC Convention Cen-

ter), will feature presentations by more than 50 of NASA’s leading technologists detailing a
broad array of commercially promising inventions and processes. Here’s a look at some of
these innovators and their cutting-edge work.

Small Surgery, Big Results

No matter how steady the hand of a
gifted surgeon, the latest advances in
surgical technique require a precision
and dexterity beyond the humanly
possible. To address the rigors of
microsurgery, a research team at
NASA’s Jet Propulsion Laboratory
(JPL) has adapted high-precision
space robotics technology to the new
Robot Assisted MicroSurgery (RAMS)
system.

According to Paul Schenker, JPL’s
group supervisor of Man-Machine sys-
tems, the best way to characterize the
RAMS system is as an extension of the
surgeon’s finesse. Just as the micro-
scope enhances the microsurgeon’s
vision, so the robot enhances the
microsurgeon’s dexterity. Some sur-
geons, unaided by robots, are sensi-
tive to movements of their surgical
tools to within 100 microns, said
Schenker. The JPL team set out to
improve the relative positioning of sur-
gical tools by two to three times and
so pave the way for ever more “micro”
microsurgeries, such as procedures on
the inner eye.

Not a typical robot, the RAMS sys-
tem is a mere 25 cm long and 2.5 cm
in diameter and can work in an operat-
ing volume of over 20 cm®. By com-
parison, the operating volume for a
full-size robot is often several cubic
meters. The microsurgery robot fea-
tures a one-to-one continuous corre-
spondence over space, enabling it to
translate the natural telepresent posi-
tion of the operator. The robot enables
relative positioning of surgical tools to
an accuracy of 25 microns.

“There’s some hocus-pocus going
around about moving ‘100 times
smaller,”” Schenker said, “but the sur-
geon doesn’t need this. Surgeons will
point out that ‘If you can help me
move two times smaller, | can do many
times more important work.’” The
improved relative positioning of the
robot allows the surgeon to work in
such sensitive areas as the eye, ear,
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The slx-degree-of-fnedom Robot
Assisted MicroSurgery (RAMS) sys-
tem improves the accuracy of surgi-
cal tools to enable surgery in sensi-
tive sites such as the inner eye.

and perhaps the brain, hand, face, and
nerves.

To improve the chances that the
team develops a machine that doctors
will want, Schenker’s group is working
with Dr. Steven T. Charles, a physician
and CEO of MicroDexterity Systems.
JPL has formed a Technology
Cooperative Agreement with Micro-
Dexterity Systems to develop the
microsurgery robot. Dr. Charles pro-
vides the medical expertise and helps
set system requirements.

In the last year, the team conceived
the robot design and engineered, built,
and tested a prototype at JPL. The
next step is to develop the master
hand control. Instead of directly
manipulating a tool, the surgeon will
manipulate a joystick-like device,
which will have the same six degrees
of freedom as the robot. By translating

the surgeon’s motions, the device
offers “kinesthetic control.” It will pro-
vide force feedback, giving the opera-
tor a true sense of the force exerted.

JPL developed the Spatial Operator
Algebra (SOA) to compute the com-
mands for robot joint motions from the
input coordinate changes. The SOA
allows rapid control software develop-
ment and testing. Desired joint posi-
tions are downloaded to the PMAC
board, which performs joint servo con-
trol. Mechanically decoupled joints
simplify kinematics computations.

The unit also features drive unit sep-
arability, which allows autoclaving of
the robot upon removal of the
motor/encoder units at the base.
Essential to fine manipulation, five of
the six degrees of freedom have zero
backlash or free play, and the sixth has
only 20 microns. Precision ball bear-
ings in every rotating location of the
robot minimize stiction, or sticking and
slipping, to achieve small incremental
movements without overshooting or
instability.

Features such as the operator's
input to a calibrated virtual reality task
interface may permit extension of the
technology beyond microsurgery into
telesurgery, in which the operator is
truly at a distance. The US military
foresees telesurgery as a means to
enable specialist surgeons to operate
on soldiers without being on the bat-
tlefield. More generally, when an
expert surgeon is not available, the
surgeon’s expertise could be imported
instantaneously using telesurgery.
Other applications include biological
research requiring micromanipulation
and microminiature assembly.

Training in Virtual Reality

A multi-billion-dollar space station is
both too dangerous and too precious a
resource to risk training future pilots
on board. In such high-risk situations,
simulated reality has become an
increasingly popular and cost-effective
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training environment.

To improve the flexibility of rapidly
changing simulated environments, the
Johnson Space Center has devised
the Simulation Virtual Machine (SVM).
Beyond the space station trainer that
inspired it, the SVM also may have
applications in commercial airline and
military aircraft simulators, high-speed
passenger train simulators, and even
situations in which real-life simulations
are used to test or verify computer
software, such as nuclear power plant
computer safety controls.

According to Kenneth Hill, real-time
sessions manager at NASA Johnson
and head of the team that developed
the SVM with CAE-Link Corporation,
the SVM’s uniqueness lies in its execu-
tive, or the software that defines the
formats for all models running in the
virtual reality system. One innovation in
the executive is its scheduling tech-
nique. Conventional scheduling is
frame-based, requiring that each soft-
ware model have specific deadlines by
which it must complete its task. With
the time-line divided into evenly
spaced frames, each part of the model
must finish within the frame.

The SVM, on the other hand,
employs rate-monotonic scheduling
(RMS), which allows each software
model to execute in a time natural for
it. Initially, each model is timed to
determine its worst-case execution,
then a performance rate-monotonic
analysis is performed to fit it into the
system with its own unique timing and
without artificial restrictions.

According to Hill, this improves the
simulator by providing “automation
you didn’t have earlier in assignment
of tasks to different CPUs in the sys-

tem.” Without RMS, task assignment
would have to be done manually, but
since the RMS analysis is automatic, it
assures the task will be completed.

Another feature is its software back-
plane, which provides communication
between different software models in
the system, keeps track of the memo-
ry, and thereby keeps track of the
models’ locations within the system.
The RMS and backplane reduce the
time required to configure the system
as different models are changed,
updated, or improved. Under a frame-
based scheduling, it may take many
hours or even days to configure the
system after altering the models, but
with RMS, configuration takes about
20 minutes, according to Hill.

“The SVM is running and tested,”
said Hill. “In the next two years, we will
be executing models that can be per-
formed on the SVM.” For companies
that are developing their own simula-
tors, he said, setting up the SVM for a
large simulator (comparable to, say,
that for the space station) would take
about two years. For a small simula-
tor—so-called part-task trainers that
require only a single monitor—set-up
would take about two months.

Clean, Efficient Waste
Disposal with Microwaves

Disposing of solid waste, particularly
waste that has biological or biohaz-
ardous components, presents a prob-
lem for hospitals, laboratories, and
industry. NASA faces the same chal-
lenge as it develops regenerative sys-
tems to sustain humans living in space
for extended periods.

\ n =3
Jim Turner and Billy Little (Simulation Virtual Machine developers) and

In NASA’s regenerative life support

Kenneth Hill (system manager) at the Space Station Training Facility console.
Computer screens show the instructor station displays.
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scheme, plants play a vital role. First,
they photosynthesize carbon dioxide
and water into complex carbohydrates
and oxygen. The edible parts of the
plant provide a food source for the
crew. This leaves the inedible portions
for recycling, ideally in a way that
could help perpetuate the human/plant
interaction.

The Regenerative Life Support
Branch at the Ames Research Center
has been evaluating a microwave incin-
erator that oxidizes inedible plant mat-
ter to produce CO, and water. “We can
supply the CO, back to the plants. We
also can use the water, if it’s clean
enough, for drinking or watering the
plants; if not, for other applications,”
explained project manager Sidney Sun.

The incinerator under consideration
is a commercially available unit manu-
factured in Japan. It is used in
Japanese homes, where typically it is
set up in the backyard to incinerate
household refuse. Disposing of food
waste where it is generated can pre-
vent contamination and infection while
also reducing the need for landfill
space. The same features that make it
ideal for household use make it applic-
able to other commercial applications
and for extended space missions.

The compact unit—50 cm wide by
38 cm deep by 86 cm high—runs on
standard 110 Vac electrical power and
processes batches of garbage weigh-
ing up to 2 kilograms and 5 liters in
volume. lts safe and odorless opera-
tion produces a sterile ash with a mass
just 13 percent of the original waste.
Further, the system is automated: the
user simply loads the incinerator, clos-
es the door, and pushes a button.
During operation, the unit’s exterior
remains cool to the touch.

“The microwaves work directly on
the water molecules, exciting them
and drying up the material,” according
to Sun. “By an indirect process they
cause a heating reaction of the waste
matter. As the material heats up, it
gives off gases that are combustible—
ultimately, that’s what triggers the
incineration process. All incinerators
involve a thermal reaction of some
sort, but with microwaves, you can
have a much more compact unit. It’s
the difference between your gas oven
and your microwave oven.”

The entire incineration process takes
about two hours and is controlled by a
microcomputer. The small incinerator
comprises two combustion chambers
and a catalytic oxidizer. Waste matter
in the primary chamber, which is
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essentially a bucket, is dried using
microwaves at 2,450 MHz. As the
waste dries, the microwave susceptor
within the chamber absorbs the
microwaves, heating the material
around it. The gases resulting from the
partial combustion in the primary
chamber pass to the secondary cham-
ber where they are ignited. Exhaust
from the secondary chamber then
passes through a catalyst where the
unburned gases are oxidized. Once the
incineration is complete, the unit enters
a cool down mode. At the end, all that
is left is a fine ash residue.

Sun and his team have run numer-
ous tests on the incinerator in prepara-

T e M g
This compact microwave incinerator
oxidizes biological waste into carbon
dioxide and water, producing a ster-
ile ash that weighs just 13 percent of
the original waste material.

tion for its integration into the
Laboratory-Scale Controlled Ecological
Life Support System. One of their
goals is to show that it does not gener-
ate toxic compounds as a byproduct
of the combustion process.

“We’re trying to understand exactly
what comes off during the incinera-
tion,” said Sun. “We’re looking for car-
bon dioxide and water vapor, but want
to measure carbon monoxide and
other organic compounds as well—are
there any sulfur dioxides? nitrous
oxides? We are running such detailed
tests because pollutants are a particu-
lar concern for plants in a closed sys-
tem such as would exist in space.”

Sun hopes that by testing and
focusing attention on the incinerator’s
capabilities, the team’s work may
introduce the technology to a broader
audience of potential users. “We've
talked to experts in the field of inciner-
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ation and they really haven’t heard
about this,” he said. “It's a very simple
unit and it’s got a lot of potential for
processing wastes either in the home,
in medical or research labs, or in small
medical practices.”

Stemming the Data Flow

As scientific and medical instru-
ments grow increasingly sophisticated
and precise, the amounts of data gen-
erated by them turn from streams to
oceans. One way to manage enormous
quantities of computerized data is to
compress them. However, not all com-
pression can guarantee error-free
decompression, which is sometimes
an unacceptable risk, such as when
the image is a CT scan or angiogram.

The alternative is lossless data com-
pression, which does guarantee full
and accurate reconstruction of data. A
new lossless technique developed at
the Goddard Space Flight Center
promises fast, efficient data compres-
sion for a wide range of advanced
instrumentation.

For NASA missions, data compres-
sion offers a means to increase the
return of scientific data while reducing
onboard memory requirements, station
contact time, and communication
bandwidth. The latest remote sensing
instruments generate sensor data at a
rate that not only requires increased
onboard processing and storage capa-
bility, but imposes greater demands on
the communication links and ground
data management systems—demands
that data compression can alleviate.

Implementing data compression on
spacecraft, according to Goddard's
Pen Shu Yeh, requires a technique that
adapts easily to the changes in the
data; that can be easily implemented
with few processing steps, small mem-
ory, and little power; and that can be
interfaced easily with a packetized
data system without any degradation
in performance.

Electronic engineers at Goddard
Space Flight Center have found that
the Rice algorithm, which has evolved
at the Jet Propulsion Laboratory since
the early 1970s, best meets the chal-
lenge. It is readily adaptive and, unlike
many other lossless data compression
algorithms, requires no extra memory
to store tables or statistics. Extending
the algorithm to higher quantizations,
such as from 8-bit to 16-bit, requires
adding only a small piece of circuitry.
For many available algorithms, sup-
porting an extra bit of information dou-

bles memory requirements. Not requir-
ing external memory simplifies a sys-
tem’s design and can reduce its cost.
According to Yeh, the overall compres-
sion performance of the Rice algorithm
implementations exceeds that of all
algorithms tested including arithmetic
coding, UNIX compass, UNIX pack,
and gzip.

The first hardware engineering
model was built in 1991 in an
Application Specific Integrated Cir-
cuit (ASIC). Later, it was redesigned
and implemented in Very Large Scale
Integration (VLSI) circuits using gate
arrays suitable for space missions.
The flight circuit is referred to as
the Universal Source Encoder for
Space (USES). It can process data up
to 20 megasamples/second and will
take data quantizations from 4-bit to
15-bit.

The Goddard engineers have per-
formed more than a dozen case stud-
ies on post-flight data with the chip
and several new missions have adopt-
ed the technology. “Here at Goddard,
we have two scientific directives: to
look down on the Earth and to look up
at the sky,” said Yeh. “All the different
disciplines use remote sensing.”

The instruments involved in the stud-
ies include: the Landsat thematic map-
per for the study of Earth’s surface and
resources; the soft x-ray telescope on
the Yohkoh mission dedicated to the
study of solar flares; the acousto-opti-
cal spectrometer on the Sub-
millimeter Wave Astronomy Satellite,
scheduled for launch in summer 1995
to study the energy balance and physi-
cal conditions of the molecular clouds
in the galaxy by observing the radio-
wave spectrum; and the gamma-ray
spectrometer on the Mars Observer,

Data compression is used in the col-
lection of solar x-ray images taken by
the acousto-optical spectrometer
scheduled to fly aboard the
Submillimeter Wave Astronomy
Satellite in 1995.

NASA Tech Briefs, November 1994



Lossless data compression preserves
the precision of medical images such
as this magnetic resonance brain
image, helping physicians to make
accurate diagnoses.

launched in September 1992 to study
the Martian surface and atmospheric
properties.

As in the remote sensing field,
advances in medical imaging equip-
ment have created the need to handle
large amounts of digital data at high
speed. The data carries information
on the pathology of a patient and
often must first be stored on a memo-
ry device, then later processed, ana-
lyzed, and displayed. Sometimes, it
must be transmitted across a network
to another institution for further analy-
sis by specialists. Inherent in these
processes are the requirements for a
massive storage device, faster device
access time, communication band-
width, and affordable data transmis-
sion time.

“There’s a good correlation
between the needs of space imaging
and medical imaging systems,” said
Yeh. “Medical images also tend to
change a lot, with areas that are busy
and areas that are quiet. And they
require a truthful processing on the
data—doctors don’t want any distor-
tions.”

Studies at Goddard have indicated
that the new chip offers improved
compression performance for medical
imaging techniques such as computed
tomography, magnetic resonance,
ultrasound, digitized angiography, and
nuclear medicine when compared with
several commercially available tech-
niques.

“In addition to enabling medical
imaging to be sent long distances, con-
sider that the new imaging machines
generate huge amounts of data,” Yeh
said. “One patient’s images can use up
a lot of disk space. Data compression
could result in big savings.”
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The Commercial Promise
of GPS

Descartes revolutionized mathemat-
ics by dividing space into coordinates
so any object could be located, and
Newton gave position a key role when
drawing up his laws of mechanics.
Now, pinpointing an object’s position
in space holds new technological
promise as the Department of
Defense’s Global Positioning System
(GPS) enters the consumer market-
place.

The GPS is a constellation of 24
satellites in Earth orbit that continu-
ously send out radio signals and can
provide time and position to any
receiver tuned to their frequency.
Although the DOD developed the sys-
tem to determine position of troops
and warheads, it recently has opened
access to the general public.

Making the GPS service commercial
involves a few tricks. The military
receives highly refined GPS signals
encrypted by a code, enabling a user
to pinpoint an object somewhere on

the planet to within a few meters. The .

Coarse Acquisition receiver code
open to the public is highly accurate
but less precise, delivering positions
to within 100 meters and time to with-
in 1 microsecond. The public user can
refine the signal in various ways.

In addition to the DOD, federal
agencies such as NASA’'s Goddard
Space Flight Center are lending their
expertise to successful commercializa-
tion. “The engineering community,
ingenious as it is, has developed dif-
ferential GPS,” said Frank H. Bauer,
head of the Guidance and Control
Branch at Goddard, referring to a
method that cancels out errors in the
signal until an object can be pinpoint-
ed to within a meter. Further improve-
ment of the signal can be made by
using at least two antennae at a fixed
baseline tuned in to the GPS carrier
wave and measuring the difference in
the beacon wavelength they receive.
Adding more antennae increases the
dimensions of the position information.
Goddard is working on a four-antenna

system to determine position, pitch,
and yaw of Earth-orbiting spacecraft.

Goddard also is conducting tests on
its spacecraft GPS system to answer
several questions: whether Doppler
shifts affect GPS attitude sensing; how
much high-orbital velocities corrupt
the differential measurement of the
GPS beacon signal; and whether ther-
mal drifts affect attitude sensing. The
researchers also hope to determine
whether the GPS Attitude Deter-
mination and Control System can stay
locked on the GPS beacon and pro-
vide accurate attitude data while the
spacecraft undergoes major slew
maneuvers and whether RF multipath
reflections are the same or worse
when the spacecraft is in orbit.

GPS applications extend beyond
space vehicles to crucial Earthbound
activities such as getting around a
strange city. Rental car companies are
testing a system that combines a map,
a computer, and a GPS receiver to
give directions to drivers as they
explore unfamiliar streets. Bauer imag-
ines something even more adventur-
ous: a lawn mower with a GPS receiv-
er and a computer that records the
movements of the mower the first time
the user pushes the machine through
its routine; from then on, the user
would simply start the engine and the
mower automatically would go through
the motions.

Another application is to robotics.
For example, when a robot is attempt-
ing to put a peg in a hole, differential
antennae can help determine the
hole’s location.

The commercial potential of GPS
service has received a boost from
recent developments in electronics, so
that receivers are now as small as a
computer chip and often the antennae
make up the bulk of a GPS device. Q1

For more information about the tech-
nologies described above, contact the
NASA field center that sponsored the
research (see page 20).

CLARIFICATION

Upon review of the cover story in the September issue of NASA Tech Briefs (vol. 18, no. 9),
representatives of Petrol Rem Inc. became aware that a scientist may have inadvertently mis-
represented the status of several contracts involving their petroleum bioremediation product,
known as PRP, causing the company to request an immediate clarification. The company
confirms that numerous contracts were, and are, under negotiation, including those with
Mexico and major utilities. None, however, had been formalized or activated at the date of
publication. Regarding the use of PRP in the Chesapeake Bay, while the Maryland Department
of Environment has tested and found the product to be effective, it must nevertheless be
approved on a site-by-site basis. In addition, tests were performed on oil supplied by produc-
ers at Lake Maracaibo in Venezuela, not a lake in Cuernavaca.
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(or you may call or write directly to the RTTC in your region).

NORTHEAST SOUTHEAST MID-CONTINENT FAR-WEST
Dr. William Gasko Mr. J. Ronald Thornton Mr. Gary Sera Mr. Robert Stark
Center tor Technology Southem Technology Application Texas Engineering Extension Service Technology Transfer Center
Commercialization Center Texas A&M University System University of Southern California

Massachusetts Technology Park University of Florida 301 Tarrow Street 3716 South Hope Street,
100 North Drive College of Eng. College Station, Texas 77843-8000 Suite 200
Westborough, MA 01581 Box 24 409-845-8762 Los Angeles, CA 90007-4344
(508) 870-0042 One Progress Boulevard (213) 743-6132

Alachua, FL 32615 MID-WEST (800) 642-2872 (CA only)
MID-ATLANTIC (904) 462-3913 Dr. Joseph W. Ray (800) 872-7477 (toll-free US)
Ms. Lani S. Hummel (800) 225-0308 (outside FL) Great Lakes Industrial Technology Center
University of Pittsburgh 25000 Great Northern Corporate Center
823 William Pitt Union Suite 260
Pittsburgh, PA 15260 Cleveland, OH 44070-5331
(412) 648-7000 (216) 734-0094

(800) 257-2725 (toli-free US)

REGIONAL TECHNOLOGY TRANSFER CENTERS (RTTCs)

RTTC Directors

If you are interested in information, applications, research, training, and services relating to satellite and aerial data for Earth resources, contact NASA’s
transfer point for earth observing technology: Earth Data Analysis Center, University of New Mexico, 2500 Yale Bivd. S.E., Suite 100, Albuquerque,
NM 87131-6031; Dr. Stan Morain, Director (505) 277-3622.

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solv-
ing assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research
Triangle Park, NC 27709; Dr. Doris Rouse, Director, (919) 541-6980

A Shortcut To Software: COSMIC®—ror software developed with NASA
funding, contact COSMIC, NASA’s Computer Software Manage-ment and Infy i
Center. New and updated programs are announced in the Computer Programs i
COSMIC publishes an annual software catalog. For more information call or write:
COSMIC®, 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 Information
can questions about NASA's Technology Transfer Network and its services
and d The CASI staff supplies d and pi Is. Call, write
or use the feedback card in this issue to contact: NASA Center For AeroSpace
Information, Technology Transfer Office, 800 Elkridge Landing Rd, Linthicum Heights,
MD 21090-2934. Walter M. Heiland, Manager, (410) 859-5300, Ext. 245.
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NASA Commercial Technology
Agenda for Change

NASA has a new way of doing busi-
ness that improves how it works with
US industry. A report entitled NASA
Commercial Technology: Agenda for
Change, approved by NASA Ad-
ministrator Daniel Goldin in July, out-
lines the agency’s commercial technol-
ogy goals and operating principles.
The document was produced by the
NASA Commercial Technology
Management Team, which is com-
prised of representatives from all ten
field centers and all headquarters pro-
gram offices.

This set of guiding principles is
designed to ensure that NASA’s pro-
grams contribute directly to our
nation’s economic security. Also, in
times of unprecedented budget con-
straints, these principles offer potential
solutions to NASA researchers and
managers through collaborative (joint-
ly funded and managed) research pro-

rams.

The Agenda for Change draws on
three pillars of administration policy:
the President’s technology policies as
outlined in Technology for America’s
Economic Growth, the National
Performance Review and its many rec-
ommendations for improving govern-
ment services, and the National
Information Infrastructure and its call
for greater exploitation of electronic
information systems.

The Agenda for Change highlights
the cornerstones of NASA's commercial
technology policy. These policies,
which reflect our commercial values,
include: collaboration with the private
sector; equal opportunity for small,
minority, and disadvantaged business-
es; alliances with state and local organi-
zations; management by metrics; elec-
tronic business practices; and others.
These policies guide NASA managers
to proactively promote commercializa-
tion of NASA technology. Collectively,
they reflect NASA Administrator
Goldin’s stated intent to raise the
importance of the agency’s commercial
technology mission to a level equal to
and integral to the agency’s aeronautics

and space missions.

The document also describes several
business practices that serve as the pri-
mary mechanisms to facilitate NASA-
industry collaboration. These are
referred to as: Contractor-Developed
Technology Commercialization,
Industry-Led Technology Develop-
ment Partnerships, Dual-Use Tech-
nology Development, Commercial
Technology Acquisition, Small
Business Technology Development
and Commercialization, Regional
Alliances, and Post-Technology-
Development Diffusion. The use of
this flexible set of practices will enable
NASA to achieve one of its key goals:
to adopt commonly used private sector
business practices. Each NASA pro-
gram office and field center will be
responsible for incorporating these
practices into their program manage-
ment system and ensuring that their
use is broadly understood in their
organization.

The Agenda for Change also calls for
actively marketing NASA technologies
to both aerospace and non-aerospace
companies alike. These marketing
activities will be both targeted and
broadcast. Targeted efforts will be
directed at industries in which there is
known technical overlap. General mar-
keting will strive to increase the overall
awareness of what NASA has to offer
US industry. Some of the most excit-
ing and beneficial applications of
NASA research are in such fields as
health care and manufacturing. NASA
presently is working with two non-
aerospace organizations to identify key
areas of mutually beneficial collabora-
tion. Others are expected to unfold in
the future.

On the subject of communications,
electronic media are rapidly becoming
an industry standard. The Agenda for
Change outlines NASAs goals to con-
duct a large portion of its business
electronically. Realizing this goal will
mean better service to the public and
better management oversight of its
programs. Collection, processing, and

dissemination of metrics data, for
example, will become largely automat-
ed. NASA also has established the
NASA Commercial Technology Home
Page to provide easily accessible infor-
mation to the public. This is both a
cost-effective and customer-friendly
way of providing needed information
to potential users of NASA’s resources.
For those who have access to the
Internet, information can be accessed
with Mosaic software on the NASA
Commercial Technology Home Page
at URL: http://nctn.oact.hq.nasa.gov.
Instructions on how to acquire the free
Mosaic software can be obtained by
sending an E-mail request to: innova-
tionaoact.hq.nasa.gov. An electronic
copy of the Agenda for Change is saved
on the home page.

Broad policy statements, lofty goals,
and empowered business managers do
not, of course, guarantee success. The
Agenda calls for the use of metrics to
measure performance and to manage
all NASA collaborations with the pri-
vate sector. The metrics will be
designed to quantify the benefits of
NASA-industry collaborations in
terms of industrial competitiveness
and NASA program life cycle costs.
They will address the efficiency of the
day-to-day management process as
well as bottom line results such as jobs,
market share, productivity improve-
ments, and the like.

The Agenda for Change is an outline
of NASA's new way of doing business.
The agency is working today to realize
its potential. Successfully moving
NASA toward wide acceptance of
these principles, tools, and goals will
benefit NASA and the nation. NASA
welcomes your feedback as it imple-
ments these policies and practices. To
receive a hard copy of the Agenda for
Change or for additional information
about working with NASA, contact
the NASA field center commercial
technology office nearest to you (see
page 20).

22

NASA Tech Briefs, November 1994



The HP DesigndJet 220
large-format inkjet plotter.

It’s the price you want. It's the plotter you
need. Right now, you can get HP reliability,
service and support. You can get D-size
plots in less than three minutes. You can
get crisp, 600-dpi-quality monochrome
output. And you can get it all for less than
you ever thought possible.

E-size model priced at just $3,995. Legs
are optional. For an output sample or the
name of your local HP demo dealer, call:

1-800-851-1170, Ext. 8888.
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Suggested U.S. list prices. Price does not include optional legs and bin. UG/Photo plot courtesy of EDS Unigraphics. ©1994 Hewlett-Packard Company PE12429

For More Information Write In No. 509



New Product Ideas

New Product Ideas are just a in this issue. If you are writing the Technology

few of the many innovations interested in developing a Utilization Office of the
described in this issue of NASA  product from these or other sponsoring NASA center
Tech Briefs and having NASA innovations, you can (see page 20). NASA's patent-
promising commercial receive further technical licensing program to
applications. Each is discussed  information by requesting encourage commercial

in further on the referenced the TSP referenced at the end development is described
page in the appropriate section  of the full-length article or by on page 20.

Underwing Compression

Vortex-Attenuation Device
Air safety for small aircraft approach-
ing airports behind large jetliners can be
improved with a new device. Landing
jetliners produce lift-induced vortex that
can throw small aircraft out of control.
The device attenuates the effects of this
dangerous vortex.
(See page 86.)

Oligomers Terminated by

Maleimide and Acetylene

These compounds can be used to
make thermally stable, glassy polymers.
The compounds show high or unde-
tectable glass-transition temperatures
and high thermo-oxidative stabilities.
(See page 78.)

Fluorinated Poly(Phenylene

Ether Ketones)

These polymers can be used as film
and coating materials in electronic and
thermal-control applications units; for
example, as passivant insulating coats
and interlevel dielectrics in microelec-
tronic circuits or as protective coats on
solar cells and mirrors.

(See page 74.)

Improved Ferroelectric
Memories With

Nondestructive Readout

The average overall power demand of
such a memory pack containing a 128
by 128 array of cells would be only 1 to
2 W — a level that is competitive with
nonvolatile memory cells in current use.
(See page 40.)

Plasma-Spray Metal

Coating on Foam

Molds, forms, and other substrates
made of foams would be coated with
metals by plasma spraying. One poten-
tial application might be in making ther-
mally insulating firewalls in automobiles.
(See page 26.)

Distributed Optoelectronic

Proximity Sensor

This sensor provides data on the dis-
tance, relative orientation, and curvature
of a surface. It can be used in such
robotic applications as noncontact prob-
ing or scanning of surfaces, localization
and recognition of objects, and guiding
robot hands in grasping objects.
(See page 52.)

SBus
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Switch to a
Programmable Solution.

Photo: Courtesy of Honeywell Military Avionics

Maximize your interface.
Minimize your panel space.

The VIVISUN 5000 Programmable Switch is an NDI
system. This user friendly, ready-to-use, system commu-
nicates with your host computer via RS-232C or RS-
422 serial data link.This Programmable Switch system
is ruggedized to meet the
environmental demands of
all military programs.

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

addition, these messages are software controlled
to provide both sunlight readability (10,000 foot-
candles) and NVIS compliance per MIL-L-85762A.
This unequaled lighting performance combined
with a wide viewing angle and positive tactile switch
response qualifies the VIVISUN 5000 Programmable
Switch as the ultimate interface solution for any mili-
tary program.
Contact us today.

AEROSPACE OPTICS INC.

3201 Sandy Lane, Fort Worth, Texas 76112
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"~ Plasma-Spray Metal Coating on Foam
Foam could be removed or left intact.
Marshall Space Flight Center, Alabama

Molds, forms, and other substrates
made of foams would be coated with
metals by plasma spraying, according to
a proposal. In a given application, the
foam might be ceramic, carbon, metal-
lic, organic, or inorganic. After the coat
has been applied by plasma spraying,
the foam could be left intact (e.g., to
serve as thermal and/or electrical insula-
tion or as an acoustic damper) or could
be removed by acid leaching, con-
ventional machining, water-jet cutting, or
another suitable technique.

Cores or vessels made of various
foam materials plasma-coated with met-
als according to this method might be
useful, for example, as thermally insulat-
ing containers for foods, liquids, or

gases, or as mandrels for making com-
posite-material (matrix/fiber) parts. A
foam-filled core or vessel could be used,
with the foam intact or removed
depending on the specific application,
as a substrate for the deposition of an
additional layer or layers of the same or
different metal(s).

One potential application might be in
making thermally insulating firewalls in
automobiles. A metal firewall provides
structural integrity, but it also conducts
heat from engine compartment to the
passenger space. To obtain a more
desirable combination of strength and
thermal insulation, the main body of the
firewall could be made of graphite phe-
nolic or other high-temperature com-

posite material, a thin layer of insulating
foam could be sprayed onto the com-
posite, and a thin coat of aluminum
could be applied to the foam by plasma
spraying. The aluminum coat could be
machined and polished to a heat-reflec-
tive finish.

This work was done by J. Cranston
of Martin Marietta Corp. for Marshall
Space Flight Center. For further infor-
mation, write in 78 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-28904.

Fabricating Structural Stiffeners by Superplastic Forming
Strong, lightweight aluminum members are made more economically.
Langley Research Center, Hampton, Virginia

Superplastic forming (SPF) of alu-
minum alloys is an effective technique
for making strong, lightweight structural
components that conform to close
dimensional tolerances. The technique
was applied in experimental fabrication
of prototypes of stiffening ribs for cylin-
drical tanks.

Heretofore, the tanks — external
cryogenic-propellant tanks for the
space shuttle — have been made by
machining thick aluminum plates to
form longitudinal T-shaped ribs (see
Figure 1), then welding the plates
together. The machining process
reduces weight while providing the
remaining thin panels with integral stiff-
eners. But the machining process is
costly and time-consuming, and it
wastes 80 percent of the plate material.

When stiffening ribs made by SPF
are used in making a structural panel,
the stiffening ribs are spot-welded to a
metal skin (also shown in Figure 1). The
use of discrete instead of integral stiff-
ening ribs eliminates machining waste,
and the use of SPF instead of conven-
tional cold forming to fabricate the com-
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Stepped Hat Stiffeners Welded to Skin

Stiffener

Hat Stiffeners with Beaded Webs Welded to Skin

Figure 1. A Structural Panel made by machining (upper left) incorporates integral ma-
chined stiffeners. An alternative is a panel made with superplastic-formed ribs attached to a
metal skin. A variety of rib geometries can be produced economically with SPF.

plexly shaped stiffeners eliminates the
multiple steps needed in operations.
The cost of fabrication is reduced corre-
spondingly.

In a typical example of the SPF
process, a sheet of aluminum alloy is

placed between heated platens (see
Figure 2) in a hydraulic press. When a
compressive load is applied, a pressure
seal is created around the perimeter of
the sheet. The lower platen contains a
die box into which die inserts of various
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Complex design analysis will never be
confused with childs’ play. But with
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users navigate smoothly through ANSYS
X-Windows Motif-based GUI, making the
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program, with over 37,000 seats worldwide.
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ANSYS FEA model constructed from a ProlENGINEER*
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Figure 2. Superplastic Forming takes place between heated platens with opposing pres-
sures. The differential pressure is varied to deform the aluminum sheet at optimum rates that
maximize the strength of the formed component.

shapes can be inserted. Pressurized
argon gas is applied to the sheet
through the upper platen. Under influ-
ence of the pressure, the sheet gradually
assumes the shape of the die.
Simultaneously, pressurized argon is
applied through the lower platen to gen-
erate back pressure that is needed to
prevent cavitation during deformation of
the sheet. Throughout the process, the
pressures are varied in a series of ramps
and plateaus by a computer-controlled

regulator to obtain approximately the

optimum strain rate for superplastic flow

at each phase of deformation.
Two aluminum alloys were used in

the experiments on SPF:

¢ Alloy 7475 was formed at a tempera-
ture of 960 °F (about 516 °C). Forming
pressure was varied from 350 psi (2.41
MPa) to 500 psi (3.45 MPa) during
approximately 80 minutes.

e Alloy 8090 was formed at 985 °F
(about 529 °C). Forming pressure was

varied from 325 psi (2.24 MPa) to 500

psi (3.45 MPa) during approximately

80 minutes.
Cavitation was suppressed by use of
back pressures during forming and by
including a hold, at the conclusion of
forming, at the maximum pressure (500
psi) of the SPF apparatus. Increasingly
complex shapes were formed, ranging in
cross section from plain hat to stepped
hat to hat with beaded webs.

The pressure-vs.-time profiles used in
the experiments could likely be refined.
Pressures and temperatures could prob-
ably be increased and forming times
thus reduced to prepare for high-speed,
high-quantity manufacturing.

This work was done by Thomas T.
Bales and Joseph M. Shinn, Jr., of
Langley Research Center, Stephen J.
Hales of Analytical Services and
Materials, Inc., and William F. James of
Lockheed Engineering and Sciences Co.
For further information, write in 182 on
the TSP Request Card.

LAR-14549

= Numerical Simulation of Cutting of Gear Teeth
Computer graphics and other data products are developed from differential geometry.
Lewis Research Center, Cleveland, Ohio

The shapes of gear teeth produced
by gear cutters of specified shape can
be simulated computationally, accord-
ing to an approach based on principles
of differential geometry. The results of
such a computer simulation can be dis-
played as computer graphics (see
Figure 1) and/or used in analyses of
design, manufacturing, and perfor-
mance of gears. This approach is
equally applicable to both standard and
non-standard gear-tooth forms.

Consider the example of a gear
blank rolling over a rack cutter in a
standard gear-tooth-cutting procedure
(see Figure 2). For the purpose of simu-
lation, the gear-blank material is consid-
ered to be perfectly plastic in the sense
that it yields wherever it is in contact
with a cutter, but otherwise does not
flow; the cutter produces gaps in the
blank which simulate the tooth spaces
between gear teeth. The surfaces
between the gaps are the simulated
gear tooth surfaces. By use of the prin-
ciples of differential geometry, these
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surfaces can be computed as the
enveloping surfaces traced out by the
cutter when the gear blank rolls over
them. This simulation procedure can
also be inverted to find the shape of the
cutter needed to produce gear teeth of
a given shape. Clearly, this approach
accelerates and facilitates analysis of
alternative designs of gears and cutters.

This approach to simulation can be
extended to study the generation of
surfaces other than gears. For example,
it can be applied to cams, bearings,
and surfaces of arbitrary rolling ele-
ments as well as to gears. It should be
possible to develop analogous proce-
dures for simulating the manufacture of
skin surfaces like those of automobile
fenders, airfoils, and ship hulls.

This work was done by Fred B.
Oswald of Lewis Research Center,
Ronald L. Huston of the University of
Cincinnati, and Dimitrios Mavriplis of
Miles Laboratories. Further information
may be found in NASA TM-105392
[N92-24202], “A Basis for Solid

HELICAL GEAR SIMULATION BEVEL GEAR SIMULATION

SPIRAL BEVEL GEAR SIMULATION

HYPOID GEAR SIMULATION

Figure 1. These Images Were Produced
in Simulations of gear-cutting processes.
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Modeling of Gear Teeth With Application
in Design and Manufacture.

Copies may be purchased [prepay-
ment required] from the NASA Center
for AeroSpace Information, Linthicum
Heights, Maryland, Telephone No. (307)
621-0394. Rush orders may be placed
for an extra fee by calling the same
number.

LEW-15841

nnnn

Figure 2. Dents Are Made by a Rack Cutter as a simulated, perfectly plastic gear blank

rolls over the cutter.

.Making Ceramic Components for Advanced Aircraft Engines
Silicon nitride components with internal passages have been fabricated by

ceramic platelet technology.

Lewis Research Center, Cleveland, Ohio

Lightweight, oxidation-resistant sili-
con nitride components that contain
intricate internal cooling and hydraulic
passages and are capable of with-
standing high operating temperatures
can be made by ceramic-platelet tech-
nology. Heretofore, platelet fabrication
technology has been used to make
metallic components with intricate inter-
nal passages, and multilayer-ceramic-
packaging technology has been avail-
able but has not been applied to fabri-
cation of structural ceramic compo-
nents nor to silicon nitride. Ceramic
platelet technology incorporates fea-
tures of both of the foregoing technolo-
gies. It has been demonstrated by
using it to fabricate silicon nitride test
articles of two types: components of a
methane-cooled regenerator for an air
turbo ramjet engine and components of
a bipropellant injector for a rocket
engine (see Figure 1).

Figure 2 illustrates a ceramic-platelet

Figure 1. Punched Platelets of Silicon
Nitride were laminated in the unfired “green”
state, then fired to make this injector block
containing passages.
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fabrication process. Ceramic tape is
produced from high-purity ceramic
powders that have been milled to the
correct particle sizes. The formulation is
optimized by addition of chemicals to
obtain the desired rheological proper-
ties. The resultant slurry is cast to make
tapes 0.005 to 0.030 in. (0.13 to 0.76
mm) thick. Individual platelets are
punched, under numerical control, to
designed patterns. The punched plate-
lets are stacked and green bonded
(that is, laminated and bonded in the
“green” or unfired condition). The green
laminates are then fired, yielding parts
that are essentially 100 percent dense
and free of leaks.

The regenerator components were
tested under realistic service conditions.
They were found to be free of leaks at a
pressure of 1,575 psi (10.86 MPa) and
stable when exposed to propane-com-
bustion products at a speed of 500 fps
(about 150 m/s) and a temperature
of 3,100 °F (about 1,700 °C).
Components survived more than 100 h
at 3,100 °F and endured 40 thermal
cycles in excess of 2,000 °F (about
1,100 °C). The injectors passed leak
tests at a pressure of 990 psi (6.8 MPa).

Thus, the feasibility of producing sta-
ble high-temperature engine compo-
nents from ceramics has been demon-
strated. Although the designs of the test
articles are fairly simple, procedures for
development of more complex and intri-
cate components have been estab-
lished. The ceramic-platelet technology
may have commercial utility in the auto-
motive, aircraft, and environmental
industries for the manufacture of high-
temperature components for use in
regeneration of fuels, treatment of emis-
sions, high-temperature combustion

Component
Design

Figure 2. A Ceramic-Platelet Fabrica-
tion Process involves a combination of
techniques from metallic-platelet fabrication
and multilayer ceramic packaging.

devices, and application in which other
high-temperature and/or lightweight
components are needed. This technolo-
gy also has potential for use in the fabri-
cation of combustors and high-temper-
ature acoustic panels for suppression of
noise in future high-speed aircraft.

This work was done under contract
by J. E. Franklin of Aerojet Propulsion
Division of Gencorp. A. Ezis of Cercom,
Inc. fabricated the test articles. T. P.
Herbell of Lewis Research Center
was the NASA program manager. For
further information, write in 109 on the
TSP Request Card.

LEW-15667




ElCombination of Investment and Centrifugal Casting

Thin sections are filled better, while hot tearing is reduced.
Marshall Space Flight Center, Alabama

Modifications, including the incorpo-
ration of centrifugal casting, have been
made in an investment-casting process
to reduce its scrap rate. The process
is used to make first- and second-
stage high-pressure-fuel-turbopump
nozzles, which contain vanes with thin
trailing edges and other thin sections.
The castings from the unmodified
process often had to be scrapped,
mainly because of lack of fill in the thin
trailing edges of the vanes or hot tears in
the vane radii.

Attempts to increase the solidification

time (by increasing the preheat and pour
temperatures and adding mold insula-
tion) improved filling in thin sections but
also increased the hot tearing. Con-
versely, decreasing solidification time
reduced hot tearing but also reduced fill-
ing in thin sections.

In the modified process, the invest-
ment mold is spun for a short time while
it is being filled, and stopped before
solidification occurs. The centrifugal
force drives the molten metal into thin
trailing edges, ensuring that they are
filled. With improved filling, the preheat

Collapsible Geostrut Structure

and pour temperatures can be reduced
and solidification hastened so that there
is less hot tearing.

This work was done by Gordon A.
Creeger of Rockwell International Corp.
for Marshall Space Flight Center. No
further documentation is available.

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-29949.

A portable structure could be collapsed and redeployed without disassembly and assembly.
Marshall Space Flight Center, Alabama

A conceptual truss structure (see
Figure 1) would be collapsible into a
smaller volume for storage and trans-
portation. At a new site, the structure
could be reerected quickly, without the
need to reassemble its parts. The struc-
ture could be, for example, a tent, dome,
tunnel, or platform.

The key element in the collapsible
structure would be a joint, called a
“geostrut joint,” that would include an
internal cable. The structure would be a
network of struts attached to geostrut

Figure 1. A Net-
work of Joints
and Legs ac-
cording to the
design shown

7 in Figure 2
would consti-
tute a rigid but
collapsible
structure.

joints. Pulling the cables taut in all the
joints would make the structure rigid.
Releasing the cables in all the joints
would relax the structure.

A geostrut joint would include a knee
fixed to one leg, A, and two articulated
legs, B and C (see Figure 2). A cable
attached at its ends to legs B and C
would pass through the knee to a mov-
able cylinder inside leg A. Tension could
be applied to the cable by turning a
threaded shaft that would engage an
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RIGID JOINT: CABLE TAUT

Figure 2. When the Cable Was Taut, legs B and C would extend rigidly from the knee on leg
A. When the cable was relaxed, legs B and C would be loosened.

internal thread in the cylinder. Conical
wedges on the ends of the cable would
deform when tension was applied, there-
by keeping the ends of the cable from
slipping out of the legs.

To loosen the geostrut joint, a techni-
cian or robot would turn the threaded
shaft to drive the cylinder fully against
the knee. This action would loosen the
cable, and the resulting slack in the
cable would then allow legs B and C to
be reoriented to fold the structure into a

more compact form.

This work was done by Glen A.
Robertson of Marshall Space Flight
Center. For further information, write in
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 develop-
ment should be addressed to the Patent
Counsel, Marshall Space Flight Center
[see page 20]. Refer to MFS-28765.
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Dual-Antenna Microwave Reception Without Switching
Only the transmitter connection is switched.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

The figure illustrates the configura-
tion of a dual-antenna microwave com-
munication system in which the receiver
is required to remain connected to both
antennas at all times, whereas the
transmitter is to be switched to connect
it to one antenna or the other. The
combination of the hybrid junction, cir-
culators, and filter provides the simulta-
neous reception paths from both anten-
nas without significantly altering the
radiation patterns of the antennas. This
is one version of a communication sys-
tem that is being considered for use in
a spacecraft and in which a mechanical

switch is permitted on the downlink (the
transmission path) but not on the uplink
(the reception path). The basic configu-
ration and principle of operation would
also be applicable to terrestrial
microwave communication stations
subject to the same dual-antenna
requirements.

This work was done by Robert W.
Hartop of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further infor-
mation, write in 18 on the TSP
Request Card.

NPO-18967

Omnidirectional
/ Antenna
LS

Diplexer

Circulator
—

High-Gain
Antenna

The Receiver Remains Connected to both
antennas, whereas the transmitter is switched
to connect it to one or the other.

Two Thick Microwave Dichroic Panels
Cross-shaped apertures would enable relatively tight packing, eliminating some grating lobes.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Two panels made of thin, honey-
comblike metal walls constitute planar
arrays of waveguidelike apertures that
have been designed to satisfy
special requirements with respect
to microwave transmittance and
reflectance. The panels are being
considered for use in multiplexing sig-
nals at various frequencies in a
microwave communication system. The
first panel is required to be highly trans-
missive at frequencies of 7.165 and
8.425 GHz and highly reflective at 2.0
to 2.32 GHz. The second panel is
required to be highly reflective at 31.8
to 32.3 GHz and highly transmissive at
34.2 to 34.7 GHz. Both panels are
required to exhibit low insertion loss.
The angle of incidence on both panels
is 30°.

The requirement for high transmit-
tance of the first panel at two frequen-
cies conflicts with the requirement for
an angle of incidence of 30° in the
sense that grating lobes (which are
undesired) could become significant,
depending on the sizes, shapes, and
spacings of apertures that could satisfy
both requirements. The design that was

NASA Tech Briefs, November 1994

Note: All Units Are In mm.

PART OF DICHROIC PANEL

Figure 1. This
Dichroic Panel
Containing
Cross-Shaped
Apertures is de-
signed to pass inci-
dent radiation at
7.165 and 8.425
GHz and to reflect
incident radiation at
lower frequencies
(2.0 to 2.32 GHz).
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chosen involves cross-shaped apertures
(see Figure 1), which help to resolve the
conflict by offering increased bandwidth
in comparison with that of simpler rec-
tangular apertures. In addition, cross-
shaped apertures can be packed more
densely than can rectangular apertures
of equal overall linear dimensions. As is
well known, the number of grating lobes
decreases with decreasing spatial peri-
od of a grating. In this case, the packing
is sufficiently dense to eliminate all grat-
ing lobes at 30°.

One problem in designing the second
panel is to make the apertures small
enough to be highly reflective in the
lower frequency band (31.8 to 32.3
GHz), yet large enough to be highly
transmissive in the higher frequency
band (34.2 to 34.7 GH2). It is difficult to
satisfy these competing requirements by
use of simple rectangular apertures. The
design chosen for this panel (see Figure
2) features stepped rectangular aper-
tures, which provide more design flexi-
bility to satisfy the requirements, albeit
at the cost of dimensional tolerances of
the order of 0.0005 in. (about 0.013
mm) or less.

This work was done by Larry W. Epp,
Jacqueline C. Chen, Philip H. Stanton of
Caltech and Roy E. Jorgenson of Sandia
National Laboratory for NASA’s Jet
Pro-pulsion Laboratory. For further
information, write in 6 on the TSP
Request Card. NPO-18887

Polarization
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Figure 2. This Dichroic Panel Containing Stepped Rectangular Apertures is de-
signed to pass incident radiation at 34.2 to 34.7 GHz and to reflect incident radiation at 31.8
to 32.3 GHz. This is not an optimized design: There is some transmission (about —50 dB) in
the nominally reflected frequency band, and there is a transmission loss of about 0.5 dB in

the nominally transmitted band.

Microwave Frequency Discriminator With Sapphire Resonator
The cooled sapphire resonator provides ultralow phase noise.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

The experimental apparatus shown
schematically in Figure 1 comprises a
microwave oscillator that operates at a
nominal frequency of about 8.1 GHz,
plus a frequency-discriminator circuit
that measures the phase fluctuations of
the oscillator output. One of the out-
standing features of the frequency dis-
criminator is a sapphire resonator that
serves as a phase reference.

The sapphire resonator is a dielectric
ring resonator that operates in a “whis-
pering-gallery” mode. It can function at
room temperature, but for better perfor-
mance it is typically cooled to an operat-
ing temperature of about 80 K — slightly
above the temperature of boiling liquid
nitrogen (77 K). [A similar resonator was
described in more detail in “Sapphire
Ring Resonator for Microwave Oscil-
lator” (NPO-18082), NASA Tech Briefs,
Vol. 15, No. 9 (September 1991), page

34

20.] In the absence of coupling.to other
circuits (loading), resonators of this type
exhibit Q ~ 2 x 10° at room temperature,
increasing to Q = 3 x 107 at 80 K. (Q =
2n x the time-average electromagnetic
energy stored in the resonator + the
energy dissipated per cycle of oscilla-
tion, and is used as a measure of the
quality or sharpness of the resonance.)
In the loaded condition of the initial
experiment, the resonator exhibited Q =
6 x 10° at 80 K. The oscillator used in
the initial experiment comprised an
ultralow-phase-noise 100-MHz quartz-
crystal oscillator followed by frequency
multipliers. The high Q and consequent
ultralow phase noise of the resonator, in
combination with novel phase-detection
circuitry, made it possible to use the fre-
quency discriminator to measure the
phase noise of the oscillator unit, without
having to use another oscillator of equal

3-dB Hybrid
Output Coupler
Microwave Sapphire Ring
Oscillator Resonator
Phase
Shifter L R Microwave
Amplifier
Phase
Detector Spectrum _~1
Analyzer

Figure 1. The Sapphire Ring Resonator
serves as a phase stabilizer in the frequen-
cy-discriminator portion of the apparatus.
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or greater stability as phase and frequen-
cy reference. Some of the results of the
initial experiment shown in Figure 2,
agree closely with results obtained in pre-
vious tests of the same oscillator, while
using a similar oscillator as a reference.
The noise floor, however, is now much
lower — showing that even lower noise
oscillators could be accurately character-
ized.

This work was done by David G.
Santiago and G. John Dick of Caltech for
NASA’s Jet Propulsion Laboratory.
For further information, write in 53 on
the TSP Request Card. NPO-18934.

Dual-Element Tunneling Accelerometer
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Figure 2. The Phase Noise of the oscilla-
tor as a function of offset frequency was
measured and converted to the equivalent
phase noise at the 100-MHz frequency of
the crystal oscillator within the microwave
oscillator. The noise floor of the frequency
discriminator, converted to 100 MHz, is
close to the theoretical value for the mea-
sured Q of 6 x 108,

A higher-frequency displacement transducer tracks a lower-frequency proof mass.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The improved micromachined tun-
neling accelerometer illustrated schem-
atically in the figure contains two
deflecting transducer elements: One of
them is an elastically supported proof
mass that has a relatively low resonant
frequency (2 100 Hz); the other is a can-

tilever tunneling transducer that tracks
the displacement of the proof mass and
that has a relatively high resonant fre-
quency (* 10 kHz). Accelerometers of
this type are particularly well suited for
underwater acoustic measurements,
detecting vibrations that may be asso-

\V/L t LIN
o [T
N

Call me, ’'m interested. Write In No. 403
Please send literature. Write in No. 402

ciated with malfunctions in vehicles,
detecting seismic signals, monitoring
and controlling vibrations in structures,
and other applications.

Heretofore, tunneling accelerometers
have contained single proof-mass/tun-
neling-displacement-transducer ele-
ments. The advantage of the present
dual-element design is that one can
select different mechanical characteris-
tics for the proof-mass and transducer
elements to optimize the overall perfor-
mance of the accelerometer. In particu-
lar, the separate resonant frequencies
of the two transducer elements were
selected after extensive theoretical
analysis of various sources of noise, to
design a two-axis accelerometer with a
total volume < 0.5 in.3 (< 8 cm3) and a
sensitivity of 10-8 g/Hz1/2 (where g =
the gravitational acceleration at the sur-
face of the Earth).

As in other tunneling displacement
transducers, an electron current is gen-
erated by quantum-mechanical tunnel-
ing between two electrodes, one of
which is flat and the other of which is
shaped like a pyramid. In this case, the
flat tunneling electrode is attached to
the elastically supported proof mass,
while the pyramidal tunneling electrode
is attached to the tip of the cantilever.
The cantilever is deflected electrostati-
cally by applying a suitably amplified
voltage to deflection electrodes.

The deflection voltage is generated
by a circuit like the one described in
the following article, “Wideband
Feedback Circuit for Tunneling Sensor”
(NPO-18866). The circuit applies, to the
tunneling electrodes, a bias voltage suf-

NASA Tech Briefs, November 1994



Tunneling Electrodes

Cantilever

Elastic Support
for Proof Mass

Deflection Electrodes

The Cantilever Is Deflected electrostatically under feedback control to maintain a constant distance between the tunneling electrodes and
thus to track the deflection of the elastically supported proof mass. The frequency of mechanical resonance of the cantilever is much greater
than that of the proof mass and its elastic support.

ficient to generate a quantum-mechani-
cal-tunneling current of about 1 nA
when the distance between the elec-
trodes is about 10 A.

The circuit effects feedback control
by adjusting the deflection voltage to
minimize any deviation of the tunneling
current from a set point and thereby to
maintain nearly constant distance
between the tunneling electrodes. Thus,
the cantilever is made to track the
deflection of the elastically supported
proof mass without touching the proof

mass and interfering with its motion. The
variations in the deflection voltage serve
as measurements of variations in the
position of the proof mass and thus also
serve as measurements of acceleration
along the deflection axis.

This work was done by William J.
Kaiser, Thomas W. Kenny, Howard K.
Rockstad, and Joseph K. Reynolds of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 114 on the TSP Request Card.

In accordance with Public Law 96-

517, the contractor has elected to retain
title to this invention. Inquiries concern-
ing rights for its commercial use should
be addressed to

William T. Callaghan, Manager

Technology Commercialization

JPL-301-350

4800 Oak Grove Drive

Pasadena, CA 91109
Refer to NPO-18862, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

Wideband Feedback Circuit for Tunneling Sensor
Features include stability and nearly flat frequency response up to 50 kHz.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

An improved feedback circuit is
designed for use in controlling a tunnel-
ing displacement transducer. The trans-
ducer could be, for example, that in a
scanning tunneling microscope, or any
of the micromachined electromechanical
transducers described in “Micro-
machined Electron-Tunneling Infrared
Detectors” (NPO-18413), Laser Tech
Briefs, Vol. 1, No. 1 (September, 1993),
page 20; “Micromachined Tunneling
Accelerometer” (NPO-18513), NASA
Tech Briefs, Vol. 17, No. 11 (November,
1993), page 55; and the following article
“Improved Electromechanical Infrared
Sensor” (NPO-18560).

In a tunneling displacement transduc-
er, an electron current is generated by
guantum-mechanical tunneling between
two electrodes, one of which is flat and
the other of which is shaped like a pyra-
mid. The electrodes are typically sepa-
rated by a distance of about 10 A. A
150 mV bias potential is applied
between them, resulting in a tunneling
current of the order of 1 nA. One of the

NASA Tech Briefs, November 1994

The Improved Feedback Circuit for the tunneling transducer features stability and band-
width greater than those used heretofore in scanning tunneling microscopes. This circuit has

a bandwidth of 50 kHz.

electrodes is mounted on a microme-
chanical flexure, such as a cantilever or
diaphragm, which can be used to adjust
the distance between the electrodes by
application of electrostatic forces
between the electrodes. The feedback
circuit measures the tunneling current
and compares it with a reference value

that represents the tunneling current at
the desired separation of the electrodes.
The result of this comparison is an error
voltage, which is amplified and applied
as a high-voltage signal to the deflection
electrodes to restore the separation to
the desired value.

Heretofore, the bandwidths of feed-
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back circuits in scanning tunneling micro-
scopes have been restricted to prevent
oscillations of the complicated microscope
structures, which have low mechanical-
resonance frequencies. These circuits
become electrically unstable when one
attempts to extend their frequency
responses to bandwidths in excess of 10
kHz. The improved circuit is designed to
operate stably, with nearly flat frequency
response up to 50 kHz.

The improved feedback circuit (see fig-
ure) includes an adjustable resistive volt-
age divider, which is used to set the bias
potential at about 150 mV. The tunneling
current flows through a 10-MQ resistor,
thereby developing a voltage drop, which
is sensed via a 3140 operational amplifier
in follower configuration. The output of this
voltage follower cannot exceed the range
between the bias voltage and ground:
thus, the voltage-follower configuration
contributes to the stability of the circuit at
high frequencies in that it prevents excur-
sions of the output voltage to supply-volt-
age levels, at which nonlinearities and
phase shifts at high frequencies would
lead to oscillations.

A simple operational-amplifier circuit
compares the output of the voltage follow-
er with a set-point voltage that represents
the reference current, and generates the
error signal. This low-voltage, wide-band-
width error signal is then added to a high-
voltage, narrow-bandwidth offset to pro-
duce the voltage that is applied to the
deflection electrodes of the transducer.
The high-voltage signal can be generated
by a power supply (not shown), which is
periodically adjusted to keep the error sig-
nal near zero. A simple high-voltage ampli-
fier circuit with very low bandwidth can
perform this function as well. The circuit is
stable at high frequencies because the
high-frequency and high-voltage circuit
elements are separated.

This work was done by William J.
Kaiser, Thomas W. Kenny, Howard K.
Rockstad, and Joseph K. Reynolds of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information, write
in 115 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
addressed to

William T. Callaghan, Manager

Technology Commercialization

JPL-301-350

4800 Oak Grove Drive

Pasadena, CA 91109
Refer to NPO-18866, volume and number
of this NASA Tech Briefs issue, and the
page number.
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Improved Electromechanical

Infrared Sensor

Fabrication would be easier, and undesired sensitivity
to acceleration would be reduced.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed electromechanical
infrared detector would be an improved
version of the device described in
“Micromachined Electron-Tunneling
Infrared Detectors” (NPO-18413),
LASER Tech Briefs, Vol. 1, No. 1,
September 1993, page 20. These con-
ceptual devices are modern successors
to the Golay cell, in which the infrared
radiation to be detected heats a trapped
gas, causing the gas to expand and dis-
place a diaphragm. In these devices, the
diaphragms and other components
would be made of micromachined sili-
con, and the displacements of the di-
aphragms would be measured by an
electron tunneling displacement trans-
ducer (see “Micromachined Tunneling
Accelerometer” (NPO-18513) NASA
Tech Briefs, Vol. 17, No. 11, November
1993, page 55.)

In the previous version, shown at the
top of the figure, the tunneling tip would
be at the end of a cantilever, the deflec-
tion of which would be adjusted electro-
statically to follow the displacement of
the diaphragm. In the improved version,
the tunneling tip would be mounted
rigidly and an electrostatic force would
be applied to the diaphragm to keep it
at a constant distance from the tunnel-
ing tip: this would be done by a feed-
back control circuit that would adjust the
voltage on the electrostatic-deflection
electrodes in such a way as to strive to
maintain a constant quantum-mechani-
cal-tunneling current of electrons
between the tip and the diaphragm.

Initially, the control circuit would be
turned on and would adjust the electro-
static-deflection voltage to deflect the

diaphragm to the commanded fixed dis-
tance from the tunneling tip. Thereafter,
the amount of infrared radiation
absorbed in the gas would cause
changes in the pressure of the gas
against the diaphragm, and the control
circuit would adjust the electrostatic-
deflection voltage as needed to keep the
diaphragm at the commanded position.
The changes in the electrostatic-deflec-
tion voltage would be indicative of
changes in the amount of infrared radia-
tion.

It would be easier to fabricate the im-
proved version because there would be
no need for the complicated processes
involved in micromachining the delicate
cantilever. The improved version would
also offer enhanced frequency response
and less spurious response to accelera-
tion, as can be understood from a com-
parison of vibrational resonances of the
two structures: using typical dimensions,
the estimated resonant frequencies of
the cantilever beam and diaphragm
would be 100 Hz and 50 kHz, respec-
tively.

This work was done by Thomas W.
Kenny and William J. Kaiser of Caltech
for NASA’s Jet Propulsion Labora-
tory. For further information, write in
121 on the TSP Request Card.

This invention is owned by NASA,
and a patent application has been filed.
Inquiries concerning nonexclusive or ex-
clusive license for its commercial devel-
opment should be addressed to the
Patent Counsel, NASA Resident Office—
JPL [see page 20]. Refer to NPO-
18560.
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Y Would Be Deflect-
ed to make it almost
touch the tunneling
tip in the improved
version. In the previ-
ous version, the can-
tilever would be de-
flected to make the
tunneling tip almost
touch the di-
aphragm.

NASA Tech Briefs, November 1994

Accelerated for
Power Macintosh

HiQ.
Real-World Math

| for Macintosh

e Interactive analysis and data visualization

o Insightful 2D and 3D graphics

 Annotation for technical reports, journals,
and presentations

e Publication-quality output

» More than 600 math, scientific, engineering,
graphing, and utility functions

» Efficient algorithms with optimal
convergence

* User-defined error tolerances

e Intuitive GUISs for solving sophisticated
problems
e Automatic math code generation

* A math language built for scientists,
engineers, and mathematicians

Ly

NATIONAL
INSTRUMENTS'

The Software is the Instrument®

6504 Bridge Point Parkway
Austin, TX 78730-5039
Tel: (512) 794-0100
Fax: (512) 794-8411

Branch Offices

Australia 03 879 9422 » Austria 0662 435986
Belgium 02 757 00 20 * Canada 519 622 9310
Denmark 4576 26 00 » Finland 90 527 2321
France 1 48 14 24 24 » Germany 089741313
Italy 02 48301892 * Japan 03 3788 1921
Netherlands 03480 33466 * Norway 32 848400
Spain 91 640 0085 * Sweden 08 730 49 70
Switzerland 056 27 00 20 * U.K. 0635 523545

© Copyright 1994 National Instruments Corporation. All rights reserved. Product and
company mames listed are trademarks or trade names of their respective companics,

See us at
Sensors Expo
Booth 854

For More Information Write In No. 405



Improved Ferroelectric Memories With Nondestructive

Readout

Photoresponse can be increased, leading to smaller power demand.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Ferroelectric memories with en-
hanced photoresponse leading to
improved nondestructive optoelectronic
readout and lower power demand have
been proposed. These memories would
be improved versions of the devices
described in “Rapid, Nondestructive
Readout From Ferroelectric Memory”

(NPO-18551), LASER Tech Briefs, Vol.
1, No. 1 (September 1993), page 28. To
recapitulate: Each memory cell is a ferro-
electric capacitor, in which a datum is
stored in the form of remanent polari-
zation of the ferroelectric material. In op-
toelectronic nondestructive readout, a
memory cell is illuminated by a laser

Contact StereoGraphics Corporation, 2171 E. Francisco Bivd.,, San Rafael, CAg4g01 Tel: 415.459.4500, Fax: 415.459.3020

For More Information Write In No. 406

Ferroelectric Capacitors for use as memory
cells with nondestructive optoelectronic read-
out have been investigated. For cells of the
same size, the newer configuration yields
about 10 times the photoresponse of the
older configuration.

pulse, which induces a photoresponse
(photovoltage and/or photocurrent) with
polarity corresponding to that of the
remanent polarization; that is, the pho-
toresponse of the cell is indicative of the
stored datum.

The figure illustrates older and newer
configurations of ferroelectric memory
cells that have been tested for photore-
sponses. In both configurations, the
electrodes are used for both writing
(applying large voltages to induce rema-
nent polarization) and reading (coupling
photoresponses to external circuitry). In
the older configuration, the ferroelectric
layer — a film of lead zirconate titanate
— is sandwiched between the two elec-
trodes, one of which is semitransparent
to the reading laser beam. The newer
proposed configuration, on the other
hand, is a planar configuration with the
electrodes separated laterally, touching
the ferroelectric film at its two ends, and
the film-deposition conditions are cho-
sen carefully to orient preferentially the ¢
crystalline axis of lead zirconate titanate
parallel to the substrate.

In an array of memory cells, each oc-
cupying an area of 20 pm?, readout from
a cell of the older configuration requires
a peak optical power of about 400 mW:
this power level is too high for practical
mass-produced memory devices. How-
ever, the photoresponse of a cell of the
newer configuration would be over two
orders of magnitude larger than that of a
cell of the older configuration so that
readout from one of the newer cells
would require a peak power of only
about 4 mW — a level that is competi-
tive with nonvolatile memory cells of

NASA Tech Briefs, November 1994



 years after
e Voyager completed its record-shattering
~around-the-world flight, you could still find its

designer, Burt Rutan, working at a drafting table
 with pencil and paper.
Hardware wasn't the problem. He had computers.
His company could buy any design system worth
owning. What kept Burt grounded was software.
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
Vellum®, Burt compared the experience to the exhilaration of
flying. Vellum is the first CAD program with an autopilot.

CAD Software that Works the Way You Think

From GD&T symbols to NURB splines to DXF and IGES
file format translators, Vellum has every professional design and
drafting tool vour job demands. And cach tool is endowed with
an expert system called the Drafting Assistant —built-in intel
ligence that instantly makes every designer more productive.
Even on enormously complex jobs.

Rather than force you to fight with the keyboard, or guess
about alignment as you draw, Vellum pinpoints and spells out
every logical design point for you, on screen. Draw a simple line
and the midpoints, endpoints, and construction lines appear
automatically. Click the mouse and you get precise alignment
to 16 decimal places, instantly.

The Power of Parametrics

Before Vellum, using CAD for conceptual design was like try
ing to draw in the dirt with a backhoe. Vellum makes precise
design as natural as free-hand sketching, with the combined

power of Parametrics and Associative Dimensioning.

©1994 Ashiar Incarporated. All rights reserved. Ashlar and Vellum are registered trademarks and the

Ashiar logo and Drafting Assistant are trademarks of Ashlar Incorporated

Burt's

creativity

and

willingness

to explore
uncharted
Lerritory is
exemplified by
this sneak /)-'m(’
at one of bis latest
designs prodiced

(of course) tn Vellum.

Simply draw a rough approximation of your design, dimension
it, plug in values and click: geometry is automatically redrawn
to scale. A part needs to change? Simple. Just change the
dimensions and the geometry updates as you watch, Or change
the geometry and all the dimensions update perfectly.

From 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. See if the
Drafting Assistant doesn’t make you two, or even three times
more productive than any other CAD package.”

[f you're like Burt Rutan, you'll find yourself 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 us at:

800-877-2745 or

408-746-1800 W ASHLAR
1290 Oakmead Parkway

Sunnyvale, CA 94086



other types that are in current use.

In a proposed application, an array of
nonvolatile ferroelectric memory cells
would be fabricated by standard very-
large-scale integrated-circuit techniques
and flip-bonded onto a similarly fabricat-
ed array of semiconductor lasers [see

“Optically Addressable, Ferroelectric
Memory With NDRO” (NPO-18573),
NASA Tech Briefs, Vol. 18, No. 3 (March
1994), page 32] to form a memory pack.
The average overall power demand of
such a memory pack containing
a 128 by 128 array of cells would be

only 1to 2 W.

This work was done by Sarita
Thakoor and Anil P. Thakoor of Caltech
for NASA’'s Jet Propulsion
Laboratory. For further information,
write in 108 on the TSP Request Card.
NPO-19033

Sequential Polarity-Reversing Circuit
Polarity would be reversed each time power was turned on.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

The figure indicates a proposed cir-
cuit that would reverse the polarity of
the electric power supplied to a bidirec-
tional dc motor, reversible electro-
mechanical actuator, or other device
that operates in a direction that
depends on polarity. More specifically,
this circuit would reverse the polarity
each time power was turned on, with-
out need for additional polarity-revers-
ing or direction signals and the circuitry
to process them.

Suppose that the last time power
was turned on, the ganged relay
switches (S1, S2, S3) were left in the
position indicated in the figure. Upon
application of power, the voltage

Relay Coil
(One of Two)

This Polarity-
Reversing Circuit

= (30 Vdc Typical

would operate without
additional signaling
circuitry. It would

Actuator Coll B
o Mow m reverse the polapty of
1s To Be the power supplied to

the actuator coil each
time power was

turned on.

(One of Two)
\AAAS

Ship popular models off the shelf...

SUSPA, INC.

Reflectin thew:aﬂdvadmapumﬁonofa!eaden@spagéé
Sprir\gségremwebetterforeveryapplicaﬁon Order Quick

® ...or custom models to your specifications--
g@@“@@ after Suspa helps with design and proto-
types. Any way you want them, you can
be sure they're better in every way.
Send today for a free idea starter.

616/241-4200 » Fax 616/531-3310
3970 Roger Chaffee SE
Grand Rapids, Ml 49548-3497

e B

&

For More Information Write In No. 407

across the actuator coil would begin to
rise at the indicated polarity. The volt-
age across the input Zener diode would
rise concomitantly until it reached the
Zener breakdown voltage; this voltage
would be transmitted through the lower
left contact of S3 to the R input of the
R-S flip-flop, causing the Q output to
go high. This, in turn, would energize
the upper relay coil, which would pull
the switches to the upper position,
thereby reversing the polarity of the
voltage applied to the actuator coil.

As long as the power remained on,
and when it was subsequently turned
off, the switches would remain in the
upper position. When power was
turned on again, the input Zener-diode
voltage would be applied through the
upper left contact of S3 to the S input
of the R-S flip-flop, causing the  out-
put to go high. This would energize the
lower relay coil, which would pull the
switches to the lower position. When
the power was subsequently turned off,
the switches would remain in the lower
position, completing the cycle.

This work was done by Clayton C.
LaBaw of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 152 on the TSP
Request Card.

NPO-18629

NASA Tech Briefs, November 1994
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New Products and Services ft

NASA Tech Briefs readers

DESIGN ENGINEERING
PRODUCT SHOWCASE

. TWO/FOUR

| SERIAL PORT
INTERRUPTS
Omega’s new OMG-ISO-COMM boards have two or
16550 UART, these boards provide two or four serial
ports each with 500 V of electrical isolation. Isolation is
For more information, request OMEGAfax™ Docu-
ment #6292 by calling 1-800-848-4271.

7| ISOLATED
1/0 WITH EX-
TENDED AT
four isolated RS-422/485/232 ports with extended AT
interrupts for DOS and Windows software. Based on the
important where equipment connected to the PC is far
from the PC or on a different power transformer circuit.
OMEGA Engineering, Inc.
For More Information Write In No. 300

NONCONTACT
INFRARED
TEMPERA-
TURE
CONTROLLER

OMEGA introduces the new OS5100 series—noncon-
tact infrared temperature controllers that measure and
control up to two independent PID loops. The key ben-
efit of this series is the ability to measure and control the
temperature of products that may be moving, soft, deli-
cate, sticky, or that are too hot or inaccessible for con-
ventional measurement with contact sensors. For more
information, contact OMEGA Engineering at 1-800-
TC-OMEGA or request OMEGAfaxS™ Document
#1469 by calling 1-800-848-4271.

OMEGA Engineering, Inc.
For More Information Write In No. 301

NEW
RECORDER IS
EASY TO OP-
ERATE WITH 4,
6, OR 8 INPUTS

OMEGA announces the
RD200 Series of recorders in 4-, 6-, or 8-pen versions.
These versatile recorders accept thermocouples, RTDs,
mV, mA, ac/dc and frequency in all inputs. The RD200
supports a discrete mode which allows registration of the
correct waveform without the imperfection of an analog
servo system. The base model 4-pen recorder is priced at
$6500. For more information contact OMEGA
Engineering, Inc., or request OMEGAfax®™ Document
#8028 by calling 1-800-848-4271.

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

MULTI-
FUNCTIONAL
DIGITAL
MULTIMETERS
WITH 5%-DIGIT
DISPLAY

The OM7550 Series of digital multimeters from
OMEGA offers very high performance for a variety of
applications, from benchtop to R&D use, These desktop
models, OM7551 and OM7552, use feedback-pulse
width modulation to provide excellent stability, noise
immunity and linearity. Even very small changes in sig-
nals may be detected. RS232 or GPIB communication
interface is standard. Contact OMEGA Engineering, Inc.
Tel: 203-359-1660; Fax: 203-359-7700.

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

NEW, HIGH-

SPEED DATA
ACQUISITION
SYSTEM FOR

PCs

The OMB-DAQBOOK-100 plug attaches directly to
the parallel port on notebook and desktop PCs. The unit
provides the following features:
* 16 analog inputs, expandable up to 256
* 2 analog outputs
* 24 general-purpose I/O channels, expandable to 192
* 16 high-speed digital inputs
* 5 frequency/pulse I/O channels
For more information, contact OMEGA Engineering,
Inc. or request OMEGAfax®™ Document #6256 by call-
ing 1-800-848-4271.
OMEGA Engineering, Inc.
For More Information Write In No. 304

SHORT HAUL
MODEMS FOR
EXTENDING
RS232 AND
RS422
SIGNALS

The new CAT Series short haul modems from OMEGA
extend the transmission distance of serial communica-
tion links. With OMEGA’s short haul modems, these
distances can be easily extended to several miles. These
short haul modems connect into the transmission line
and provide transparent operation to the system. No spe-
cial software is required. For more information, contact
OMEGA Engineering, Inc. or request OMEGAfaxS™
Document #6271 by calling 1-800-848-4271.

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

OMEGA announces the
new RD90 Series single-
pen and dual-pen chart
recorders. These recorders
offer economical solutions
to the need for reliable,
high-precision registration
of one or two parameters
against time. X-Y versions are also available, The RD90
Series operates with options of RS-232 or IEEE interface.
Base model is priced at just $2500. Contact OMEGA
Engineering, Inc. or request OMEGAfax™ Document
#8027 by calling 1-800-848-4271.

OMEGA Engineering, Inc.

=
T
For More Information Write In No. 306
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NEW ULTRA-
HIGH
PERFORM-
ANCE DATA
ACQUISITION
BOARD

OMEGA’s new WIN-30D board is an ultra-high perfor-
mance multifunction analog and digital input/ output
board designed for PC-AT compatible computers. For
more information, contact OMEGA Engineering, Inc. or
request OMEGA-fax®™ Document #6299 by calling 1-
800-848-4271.

OMEGA Engineering, Inc.

For More Information Write In No. 307

PAPERLESS
RECORDING
SYSTEM WITH
FULL GRAPHIC
LCD DISPLAY

Newport Electronics, a

leader in digital instrumen-
tation, introduces the new RD820 series paperless
recorder which provides single or dual channel real time
graphic display, recording and digital display of your
measurements in engineering units. Optional memory
cards are available that provide up to 1 MB of data stor-

age. The extensive selection of plug-in modules allows
measurements from thermocouples, RTDs, voltages and
currents, both AC and DC. For more information, call
1-800-NEWPORT. ¥
Newport Electronics, Inc.
For More Information Write In No. 308




FREE INSTRU-
MENTATION
REFERENCE
AND CATALOG

National Instruments is
providing a 1995 cartalog
detailing computer-based
data acquisition, instru-
ment control, and data
analysis products. Includes
information on exciting
new products and technologies such as Plug and Play
boards, Power Macintosh software, Test Executives, SPC
and SQL add-ons, HP-UX instrument control,
PCMCIA interfaces and VXIplugcplay. Tel: 512-794-0100
or 800-433-3488 (US and Canada); Fax: 512-794-8411.

National Instruments
For More Information Write In No. 310

ACQUISITION
SYSTEM

The Lab-Acq data acquisi-
tion system is as simple as
possible to connect and
use. It plugs into a PC par-
allel port and rakes all
types of sensor from ther-
mocouple to 1-10 with-
out changing modules.
INSTA-TREND software
completes the system with fast, easy setup completely
from menus. PID and PLC control, custom reports, and
on-line calculations are available. Tel: 201-625-2299;
Fax: 201-625-2449.

Dianachart Inc.
For More Information Write In No. 311

NEW LINEAR/

ROTARY POSI-
TION SENSOR
BROCHURE

The brochure features the
complete line of
Schaevirz™ AC and DC
operated linear and rotary
position  transducers.
Incorporating LVDT and
RVDT technology, the
transducers offer standard ranges of £0.13 mm to £0.25
mm in subminiature models up to 10 inches. Models are
available with signal conditioned Vdc or 4-20 mA (2
wire) outputs. Tel: 800-745-8008; Fax: 800-745-8004.

Lucas Control Systems Products

Schaevitz~ Sensors
For More Information Write In No. 312

BROCHURE
FEATURES
DURALITH
PRODUCTS

A new capabilities bro-
chure from Lucas Control
Systems Products focuses
on the application solu-
tions provided by Dura-
lith™ Man-Machine In-
terface products. The bro-
chure includes sections on custom membrane switch
panels, molded rubber actuators and arrays, resistive
touch screen panel assemblies, and specialty products.
Tel: 804-766-4250; Fax: 804-766-4258.

Lucas Control Systems Products
Duralith™ Man-Machine Interfaces

For More Information Write In No. 313

ULTRASONIC
TESTING
EQUIPMENT

The T-Mike E, everything
you could want in an ultra-
sonic thickness gauge,
incorporating ten years of
customer suggestions into
one very compact, easy-to-
use unit. Designed to fit
comfortably in your hand,
the T-Mike E is built to
last with an environmentally sealed, water resistant case
and keypad. Unit size is 2.5 in. wide, 4.5 in. long, 1.25
in. deep and weighs only 11 oz. Tel: 408-438-6300; Fax:
408-436-7917.

StressTel Corporation
For More Information Write In No. 314

POLYMERS
& ACRYLIC
MONOMERS

A new, 12-page four-color
brochure titled “Engineer-
ing Polymers and Acrylic
Monomers.” Included are
polymers and monomers
family of products, includ-
ing Rilsan® 11 and 12
polyimides; Rilsan powder
coatings, Pebax® thermo-
plastic elastomer resins, Platamid® and Platherm® hot
melt adhesives; Platilon® hot melt film, and acrylic
monomers. Product description, background, and a sam-
pling of applications are also provided.

Elf Atochem North America, Inc.
For More Information Write In No. 315

The World of Clamping
Caralog 894 describes and
illustrates toggle and spe-
cial clamps with vertical
and horizontal hold-down,
straightline, latch, and
squeeze action. Spacing
products, hydraulic de-
vices, and CAD database
are covered along with
applications. De-Sta-Co,
Box 2800, Troy, MI 48007.
Tel: 801-589-2008.

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

256 MBYTES
OF IMAGE
MEMORY

The new Image Memory
Expansion board offers
user-upgradeable memory
in capacities from 4 to 256
megabytes. An addition to
the 4dMEG VIDEO Model
12, the Image Memory
Expansion board brings
extensive sequential cap-
ture, in real time, to the PC computer. For example, cap-
ture a 24-second sequence of 752 x 480 (RS-170) images
at 30 frames per second. The 4MEG VIDEO Model 12
interfaces to almost any video source.

EPIX, Inc.

For More Information Write In No. 317

LOW-COST
DIGITAL
VIBRATION
CONTROLLERS

Free Demo Disk! Expan-
sion Card & Software.
Package easily converts
your PC to a Digiral
Controller.

Sine Controller: $3995.
Random Controller: $4995.
Classical Shock: $3995.
Accelerometer Calibration:
$5995.

Store programs to disk. Store results to disk.

Vibration Test Systems

For More Information Write In No. 318

Hardigg Cases offers over
225 standard rotationally
molded transit cases,
including a full line of 19"
EIA rack mount cases,
deck cases, and flange-
mount cases. Hardigg’s
expert engineering, manu-
facturing, and test facilities
provide start to finish cus-
tom design capability. A
complete list of standard
cases allows for rapid deliv-
ery...as few as three work-
ing days! Take advantage of over thirty years of experi-
ence...design a Hardigg case into your next project!

“The Engineers
of the Case Industry”

Hardigg Cases
Tel: 1-800-JHARDIGG; Fax: 413-665-8061
For More Information Write In No. 319

205,000 Reasons why
Your Ad belongs Here

NASA Tech Briefs' Literature Spotlight sec-
tion offers a low-cost way to reach over
205,000 industry and government LEAD-
ERS with your advertising message. These
are technology managers, design engi-
neers, and scientists with tremendous buy-
ing power. The December 1994 issue is
your next opportunity to use this high-
impact sales tool. For more information or
to reserve space in Literature Spotlight,
contact your NASA Tech Briefs sales repre-
sentative or call Joseph Pramberger at
(800) 944-NASA.
For More Information Write In No. 320

BLIND
FASTENING
SOLUTIONS

The blind rivet nut, an
internally threaded tubular
rivet, provides a practical
method of fastening a wide
variety of threaded prod-
ucts from only one side of
the work. Use in any
machinery or equipment
where a strong, internally
threaded, easy-to-install blind fastener is required. Metric
and American unified threads available.

Sherex Industries

1400 C Parkway, L , NY 14086
Tel: 716-681-6250 Fax: 716-681-0270

For More Information Write In No. 321
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Design Engineering Product Showcase

SUNNEX Halogen Task Lamps

Over 436 standard
configurations plus
customized versions.

1-800-445-7869
For More Information Write In No. 322

MINIATURE
STROKE BALL
BEARINGS

© Compact bearings with
high accuracy that can
achieve rolling motion and
reciprocating motion at the
same time.

® Can obrain stable perfor-
mance through long time
operation without stick

slip.

@ Suitable for the equip-
ments of very high accura-
¢y and/or compact parts.

IKO International Inc.
For More Information Write In No. 323

MINIATURE
LINEAR WAYS

© Evolution of linear way.
@ Steel balls are securely
retained.

@ Slide units can be sepa-
rated from the rail freely.

@ Installation and assembly
on the equipment are easy.
® Trouble-free is achieved.

IKO International Inc.
For More Information Write In No. 324

DAS
HARDWARE/
SOFTWARE

Fast throughput and high-
ly accurate digitizers distin-
guish the HT600's ad-
vanced hardware. Auto-
matic channel setups and
touch screen controls give
its PC-based software
excellent support for high-
speed dynamic measure-
ments in the physical sciences and electronics. Tel: 608-
221-7500; Fax: 608-221-7509.

Hi-Techniques
For More Information Write In No. 325

PRECISION
LINEAR SLIDE

@ Superior corrosion resis-
tance: stainless steel made.
® Lightweight and compact.
@ Smooth and quite motion.
@ High accuracy and stable
performance.

© Contaminant-free quality
control.

o High safety.

IKO International Inc.

For More Information Write In No. 326

STAINLESS
STAINLESS LINEAR WAY H LINEAR WAY

® Excellent corrosion
resistance.

® Large load capacity in
any direction.

® Excellent strength under
moment load and complex
load.

@ High accuracy with

simple structure.

® High rigidity and good

absorption of vibration.

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

PCMCIA CARD
CAMERA

PC Card Camera is the
first sub-miniature video
camera that can be com-
pletely integrated into
mobile computers. Stills
and real-time motion video
clips can be captured
instantly into any PC
equipped with a PCMCIA
Type 1I slot. Envoy Data
Corp., 953 E. Juanita Ave., Suite A, Mesa, AZ 85204.
Tel: 602-892-0954; Fax: 602-892-0029.

Envoy Data Corporation

For More Information Write In No. 328

STAINLESS
CROSSED
ROLLER WAY

@ Superior corrosion resis-
tance/stainless steel made.
@ Extremely high accuracy.
® Very smooth operation.
@ Easy mounting,

=
STAINLESS CROSSED ROLLER WaY

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

SUPER HIGH-
LEAD BALL
SCREWS

® Three-start thread
grooves for well-balanced
movement.
@ Newly developed end
cap recirculating system
provides smooth
movement.
eHardened end cap
ensures long life.
® Low rotary speed results low level vibration, noise,
heat generation on high linear speed.

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

FUZZY LOGIC TOOLS

Apply fuzzy logic interactively with CubiCalc’s built-in
simulation language, plots, file I/O and other features.
Or use CubiCard’s integrated data acquisition board and
drive external hardware directly.
HyperLogic Corporation
Tel: 619-746-2765; Fax: 619-746-4089.

For More Information Write In No. 331
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CROSSED
ROLLER
BEARING:
HIGH RIGIDI-
T TYPE

® The inner and outer
rings of this bearing are
one piece construction
(non-separate type)
respectively.

® Widely used in appli-

1U3<J2. CROSSED ROLLER BEARINGS

High ity Trpe
CRBH

cations requiring high rigidity, high rotation accuracy
and compact size such as industrial robots, rotational
tables of machine tools/medical equipment.

IKO International Inc.
For More Information Write In No. 332

NEEDLE
ROLLER
CAGES FOR
ENGINE CON-
NECTING
RODS

® High performance nee-
dle bearing for challenging
engine applications.

o High rigidity.

® High load capaciry.

© High rotational speed.
@ The bearing cage has high rigidity because of a special
section shape resembling that of a gantry gate.

IKO International Inc.
For More Information Write In No. 333




FREE ACCESS
TO FEDERAL-
LY FUNDED
TECHNOLOGY

National Technology
Transfer Center offers free

access to federally funded

Lejrt]
| ul{

technology, an electronic
bulletin board announcing
technology transfer oppor-
tunities, training on tech-
nology transfer issues, and strategic partnering confer-
ences. Why not call (800) 678-6882 today and discover
the research opportunities right at your fingertips.

National Technology
Transfer Center
For More Information Write In No. 334
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Two Program Libraries for CADDS-4X and CADDS 5.
One has 1000s of fasteners and other parts for 3D mod-
els, plus AUTOMATIC BILL OF MATERIALS GEN-
ERATION. The other has 18 programs, integrated with
layer lists. Full DEMO programs are available.

Design Solutions Software Co.
20 Concord Creek Rd., Glen Mills, PA 19342
Tel: 610-358-4054

For More Information Write In No. 335

FIBER
INSULATED
HEATERS

Manufacturers of fiber
insulated heaters to
1200 °C (2190 °F) in stan-
dard flat heater panels, full
and half round cylinders
and also custom shapes
and sizes. Complete range
of accessories are available.

AEROSPEX

) B
FIBER INSULATED

HEATERS

PTG WEST WMERS TOU BEFD 11

Zircar Products, Inc.
110 North Main Street
P.O. Box 458
Florida, NY 10921-0458

For More Information Write In No. 336

QUICKSTART™SOFTWARE
CUTS DEVELOPMENT TIME

QuickStart™ software from Berkley Process Control
eliminates development costs associated with machine
control system startup and configurations, motor tuning,
and hardware diagnostics by providing these standard
functions on powerup. Designed for the multi-axis
Bam™ Series-64 Machine Controller, QuickStart’s facili-
ties can provide intuitive touch screen operation for a
wide range of industries.

Berkley Process Control
For More Information Write In No. 337

NON-STOP

FROM PRO/E®
TO ANALYSIS &
OPTIMIZATION

COSMOS/M  ENGI-

NEER makes it easy and

affordable to include analy-
sis and optimization on every design itinerary. Its scamless
interface to Pro/E fully integrates the design, preprocess-
ing and postprocessing features of Pro/E with the analy-
sis and optimization power of COSMOS/M: statics,
buckling, frequency, heat transfer, optimization, nonlin-
ear, advanced dynamics, a super fast solver and two
meshing capabilities. Starting at $6500! Call 310-452-
2158 (west) or 412-635-5100 (east).

COSMOS/M

For More Information Write In No. 338

HIGH TEMP-
ERATURE
FURNACE
INSULATION
MODULE

ZIRCAR’s system addresses

the severe thermal and me-

chanical stresses 1700 °C

puts on the hot-face insu-

lation layer of 1700 °C

rapid-cycle furnaces. ZIR-
CAR’s insulation modules are pre-assembled insulation
systems constructed of a graded system of high quality
ZIRCAR insulation layers. They provide O.E.M. furnace
builders easy entry into the ultra high temperature fiber
lined furnace market by extending reliable 1700 °C
service into production sized furnaces.

For More Information Write In No. 339

WORLDWIDE
PRODUCT
GUIDE

The guide from Eaton
Corp. contains a compre-
hensive listing of products,
services, and facilities.
Eaton manufactures
Vehicle Components for
light, medium and heavy
duty trucks, passenger cars
and mobile equipment;
and Electrical & Elec-
tronic Controls for acrospace, appliance, automotive and
commercial applications and electric power management
controls. Tel: 216-523-4400; Fax: 216-479-7014.

Eaton Corporation
For More Information Write In No. 340
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Introducing the

C pt 810 -

An Affordable
"Real"-Time RAID
Storage System.

For guaranteed capture and
retrieval of data at 16 MB/s.

10 to16 MB/s sustained data
transfers for interactive and
real-time operations

2 to 18 GB storage capacity
Companion Host Adapters
and Software Drivers available

The Concept 810 s a high perform-
ance disk storage subsystem. Using
RAID (Redundant Array of Independent
Disks) architecture and advanced
SCS disk drives, the Concept 810
makes real-time storage affordable.

Bl STORAGE
CONCEPTS

Storage Concepts, Inc.
The Leader In Paralld Disk Storage Solutions

For More Information Write In No. 341

Call Now For Information
1-800-525-9217

GO WHERE YOUR DREAMS TAKE YOU
ME/NASTRAN

We have always been
dreamers. But how do
we know our designs
will work? If NASTRAN
had been available to
Leonardo da Vinci where
would we be today? In
the past, NASTRAN was
out of reach of most
small businesses.
ME/NASTRAN changes all that. With the power of the
personal computer, it is available to the Da Vincis of today.
Imagine the power of FEA on your PC, solving design
problems in the early stages. It can be used to analyze
everything from the “nuts and bolts™ to the complete assembly.
ME/NASTRAN is limited only by your imagination.
Just imagine the possibilities if such a powerful tool had been
available to the great minds of the past.

MACRO Engineering, (205) 461-7090
For More Information Write In No. 342

NASA 1995 Calendar

Full-color photos of the space shuttle in action. Includes
dates of launches from the 1960’s to present. $10.95 plus
$5.00 shipping. Mail order and payment to: Associated
Business Publications, Dept. F, 41 East 42nd St., #921,
New York, NY 10017. Credit card orders call (212) 490-
3999.

COMPLETE MOTION CONTROL SOLUTIONS

High Performance Servo & Stepper Controllers for
PC/AT ISA Bus and Macintosh computers. 1-4 axes of
control with Power Amplifier and Interface Units. Easy-
to-use software including pcRunner Windows Dowble-
Click application, DLLs, LabVIEW Motion VIs, Visual
Basic, QuickBasic and C drivers.
nulogic Inc.
475 Hillside Avenue, Needham, MA 02194
Tel: 617-444-7680; Fax: 617-444-2803
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CATALOG OF
ENGINEERING
FINDINGS

320 pages of components,
materials, and precision
tools in hard-to-get small
quantities. A single source
for a wide variety of stain-
less steel items, such as
miniature gauge type 304
and 316 hypodermic tub-
ing, luer fittings, guide
wire, and miniature machine screws; also PEEK and
Tygon tubing, heat-shrink Teflon tubing, nylon mesh
filter material, nitinol wire, and noise and vibration iso-

lators. Tel: 305-557-8222; Fax: 800-423-9009.

Small Parts, Inc.
For More Information Write In No. 345
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Design Engineering Product Showcase

BALL SCREW
ASSEMBLIES

The new PowerTrac™
Precision Ball Screw design
guides are now available.
PowerTrac Ball™ Screws
are convenient devices for
converting rotary to linear
motion with 90% efficien-
cy and long, predictable
life expectancy. Lead error
is .001 per foot. Available in sizes from 3/8" to 4". Twin-
Lead Ball Screw assemblies, EZZE-MOUNT supports
and Bridgeport Kits are also featured. Tel: 800-321-7800
or 216-464-4393; Fax: 216-46-4669.

Nook Industries Inc.

For More Information Write In No. 358

ually operated slides in
many sizes and styles.
Single or multiple axes;
some with position read-
out. Travel distance from
1" to 86" for loads up to
400 Ibs. Versatile general purpose positioners. Ideal for
fixtures, feeding, or gauging. Also includes rotary and cle-
vating tables. Tel: 716-657-6151; Fax: 716-657-6153.

% PRECISION
g - SLIDE ASSEM-
" S BLIES AND X-Y
Dz TABLES
e 8 b With this new, free catalog,
z o) choose from over 947 man-
-

Velmex, Inc.
For More Information Write In No. 359

ELECTRO-
OPTICAL PRO-
DUCT GUIDE

Aerotech’s new guide con-
tains in-depth technical and

ectro-Optical
oduct Guide

design dara for linear and
rotary manual positioners;
gimbal optical mounts; and
green and red helium-neon
lasers and laser power sup-
plies. New products include
the LZR3000 laser interfe-
rometer position measurement system and the lightweight
SL series of breadboards. Improved products include the
AOM110 gimbal mounts with optimized 45° clear aper-
ture. Tel: 412-963-7459; Fax: 412-963-7459.

Aerotech
For More Information Write In No. 397

“SMART”HIGH-
POWERED
ACTUATORS

Gert fast-acting, high-force
actuators driven by
ETREMA TERFENOL-
D®, the magnetic shape
change meral with the
highest strain of any com-
mercial transducer materi-
al. ETREMA offers stan-
dard and custom actuators,
TERFENOL-D materials, and complete custom design
and manufacture. Call 800-327-7291 for applications
assistance.

ETREMA Products Inc.

For More Information Write In No. 361

NEW BOOK
HELPS YOU USE
FEA IN THE
“REAL WORLD”

A comprehensive finite ele-

ment analysis reference/text-
book offers a unique blend of
theory and real world engi-
neering examples. Dr.
Constantine Spyrakos—well-
known finite element stress
and vibration analysis expert—has created a reference for all
mechanical engineers from designers to “gurus.” This richly
illustrated, hardcover book includes a disk with every exam-
ple problem. Subjects include: FEA basics, element types,
modeling, types of analysis and interpretation of results.

APD
For More Information Write In No. 363

GATED
INTENSIFIED
CCD SYSTEMS

If you need to measure
photon light levels, with ns
time resolution, you'll want
to see Oriel’'s new In-
tensified CCD systems.
The high sensitivity and
detectability of these
ICCDs make them ideal
for Raman, Luminescence
and Imaging. They're the most compact available—the
sensor head saves space and requires no bulky cabling.
Contact Oriel today at Tel: 203-377-8282; Fax: 203-
375-0851; Email: 73163.1321 @compuserve.com.

Oriel Corp.
For More Information Write In No. 364

The Intelligent Solution for Data Acquisition

A Data Acquisition Processor™ board,

has its own on-board multitasking real-time
operating system, DAPL™, that does the
time-critical work in an application.
DAPwindows™, running on the PC under Windows,

can issue commands to DAPL to acquire data or control
processes in real time through the Data Acquisition Processor.

DAPL, optimized for data acquisition and control applications,
recognizes over 100 standard commands. A typical application
is completely defined with DAPwindows in just a few minutes

The Data Acquisition Processor frees the application from
delays imposed by Windows that are unacceptable in
real-time work, Special on-board hardware bypasses
DMA to drive the bus at maximum speed

2265 116th Avenue N.E., Bellevue, WA 98004

Call us: 206-453-2345 / rax 206-453-3199
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MICROSTAR
LLABORATORIES.
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= DESKTOP..

VInEnln LE

MADE EASY WITH

FOLSOM RESEARGH

AUTOSYNC SGAN
CONVERTERS!

Convert high-resolution
presentations and simulations
to video!
Folsom Research scan converters auto-
matically convert your high-resolution
display to standard video formats so
gerfect broadcast quality recordings can
e made. The Folsom Research line of
converters provides outputs in all com-
mon professional recording standards.

Affordable and flexible!

Folsom Research provides an affordable
family of scan converters that are flexi-
ble enough to meet any need. Insist on
the same high quality standards as
NASA, Boeing, Rockwell, Hughes Air-
craft, Lockheed, and Ford.

For more information on the profes-
sional way to convert your high-resolu-
tion images, or for a demonstration,
call 916-983-1500.

Broadcast quality conversion for
PC and Mac platforms

-
T e

9400JR

Affordable broadcast quality
conversion for all high-resolution
workstation platforms

9500 Otto

Broadcast quality performance
with many expanded features for
all high-resolution platforms

526 East Bidwell Street
Folsom, CA 95630-3119
Fax: 916-983-7236

Tel: 916-983-1500
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Electronic Systems

Optical Detection of Flameout in a Combustor

The fuel supply can be shut down in time to prevent an explosion.

Langley Research Center, Hampton, Virginia

The optical flameout detector is de-
signed to signal the control system of
the facility to cut off the supply of fuel
into the combustion chamber if the flame
were to suddenly go out. This and other
flameout detectors are important safety
systems: if the flow of fuel is not stopped
quickly enough after the main flame is
lost, large amounts of unburned fuel
would accumulate in the combustion
chamber and could explode in the event
of reignition.

The combustor for which the optical
flameout detector was designed burns
methane in air to provide hot gases for
an 8-ft (2.4-m) high-temperature test
chamber. To prevent the accumulation
of a dangerous amount of unburned
methane, it is necessary for the detec-
tion system to respond to a loss of flame
in under 100 milliseconds. Commercial
flameout detectors based on thermo-
couples and photodetectors respond
too slowly, and cannot withstand the
high pressures and widely varying tem-
peratures inside the combustor. [An
acoustical flameout detector for the
same combustor was described in
“Acoustical Detection of Flameout in a

Combustor” (LAR-14900) NASA Tech
Briefs, Vol. 17, No. 8 (August 1993),
page 46].

In its current configuration, the optical
flameout detection system can detect
gross changes in the levels of ultraviolet
light emitted by the flames in the com-
bustor. The photodetector used in this
device is a photomultiplier tube sensitive
to light in the 200- to 400-nm region of
the spectrum. The system utilizes a
pair of photodetectors for redundancy,
which are located outside the combus-
tor. The detectors gain optical access to
the light energy of the flame through 20-
ft (6-m) fiber-optic probes designed to
withstand pressures up to 5,000 psi
(about 34 MPa).

The fiber-optic probes are mounted
to the fuel-spray bar upstream of the
flame. No focusing optics are used,
and the probes are aimed across the
flow of gases at a spot on the combus-
tion chamber wall downstream from the
spray bar (see figure). This arrangement
enables the flameout detection system
to respond quickly to a potential
loss of flame since it can detect move-
ment of the flame front away from the

spray bar face.

The photodetector outputs are used
to activate a logic circuit that determines
whether the measured combustion-
chamber light intensity is indicative of a
main flame. If the measured flame in-
tensity exceeds a preset minimum out-
put level corresponding to a low-level
boost flame, the circuit will generate a
signal indicating that the flame is pre-
sent. Thereafter, when the outputs of the
photodetectors fall below half of the pre-
set minimum value, the logic circuit sig-
nals that the main flame has been lost.
The overall response time of the optical
flameout detection system is under 10
milliseconds.

This work was done by Stephen E.
Borg, James W. West, Samuel E.
Harper, and David W. Alderfer of
Langley Research Center and Robert
M. Lawrence of Wyle Laboratories. For
further information, write in 38 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-14997.

Fiber-Optic
Probes in the Overlapping Fields
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ACtU ally the math is pretty simple.
In the year that Weitek has been shipping the
80-MHz SPARC POWER™ pP, tens of thou-
sands of SPARCstation™ users have installed
one in their workstation. And now you can
enjoy the benefits of a SPARC POWER pP,
too—for a new low price of only $995.*

It all adds up 1O the most cost-effective
way you can upgrade your SPARCstation 2

or IPX to get the performance of a
SPARCstation 10.

There are other alternatives, of course. But
buying a new workstation—whether it’s from
Sun, HP, DEC, IBM or Silicon Graphics—will
cost you thousands of dollars more. For pure
price/performance, there’s simply no better
buy than a Weitek 80-MHz SPARC POWER pP.

The Weitek SPARC POWER pP
is compatible with all SPARCstation 2 and IPX
hardware and software—including all ver-
sions of Solaris®. It’s backed by all the bene-
fiits of SunService’s SunSpectrums* mainte-
nance program. And it’s a proven per-
former—as you'd expect from the proud
winner of Advanced Systems (formerly
SunWorld) magazine’s “Best Product” of the
year award.

But don’t just take our word
for it. malkto any of the tens of thousands
of SPARC POWER pP users out there. Or let
your budget do the talking. Either way, it
translates to 995 great reasons to buy an
80-MHz SPARC POWER pP today.

Call 1-800-758-7000,
Operator 25 and order now.

*The 80-MHz SPARC POWER 1P price of $995 is for the chip
upgrade alone. An installation kit—a one-time-only invest-

ment, should be purchased with the first unit—the kit and
chip are priced at $1,200

WETEK 4

© 1994 WEITEK Corporation. All rights reserved. All brands, product and services mentioned
arks of their respective holders.




Distributed Optoelectronic Proximity Sensor
This sensor provides data on the distance, relative orientation, and curvature of a surface.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

An optoelectronic proximity sensor
comprises seven identical units that
function together to provide partially
redundant data on the spatial relation-
ship between the sensor and a nearby
diffusely reflecting surface. The sensor is
called the “Hexeye” because its units
exhibit hexagonal symmetry when
viewed along their optical axes and are
mounted together in hexagonal close
packing (see Figure 1). The Hexeye is
being developed for use in such robotic
applications as noncontact probing or
scanning of surfaces, localization and
recognition of objects, and guiding
“smart” robot hands in grasping objects.

Older optoelectronic proximity sen-
sors have been regarded variously as
too sensitive to optical properties of sur-
faces (reflectance, scattering, color),
insensitive and inaccurate with respect
to measurements of distance, and/or too
bulky for practical utilization. In addition,
some older optoelectronic proximity sen-
sors measure distance only. The Hexeye
concept blends concepts of active illumi-

Sensor

Target

llluminated
Spot on

Other Side of

Target

Light Reflected
From Target

Figure 1. The Hexeye, so named because of its hexagonal configuration, is a compact
active optoelectronic sensor composed of seven units. In the mode of operation shown
here, only one sensor unit is illuminating the target.

nation, lens action, triangulation, and

. ﬂ
SHOCK AND

\""' VIBRATION DAMPING
'

Up To 94%

Sorbothane® is the patented visco-elastic material that
absorbs and dissipates unwanted energy and outperforms
rubber and foam materials by providing:

* Impact Absorption

* Vibration Isolation

* Sound Damping

* Excellent Memory

* Slow Recovery/No Rebound
* Low Creep e
* Quick & Cost-Effective Custom Moldmg

Sorbothane—the solutionto all yourenergy dissipation needs.
Call today for a free brochure and prototype sample

216/678-9444

Sorbothane Inc

2144 State Route 59 » PO Box 178 * Kent, Ohio 44240
216/678-9444 « Fax 216/678-1303

&

o
'
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multilevel fusion of sensory data into a
system design that features relative
insensitivity to optical properties of sur-
faces, enhanced sensitivity and accuracy
in measurement of distance, ability to
measure orientation and curvature (in
addition to distance) of the nearby sur-
face, a compact sensor package, and
redundancy for continued functioning in
the presence of defective sensor com-
ponents.

Each unit (see Figure 2) contains a
laser diode, the output of which is
formed into a narrow beam by the two
lenses. In a simple distance-measuring
mode of operation, the laser diode is
turned on, and light returned from the
target (nearby surface) is partly or com-
pletely focused by lens 1, then reflected
by the conical mirror onto the six linear
arrays of photodetectors that constitute
the sides of the hexagon. If the spot of
light thus produced on each array of
photodetectors were infinitesimal, then
the position of the spot along the array
would give a direct indication of the dis-
tance from the sensor to the target. In
practice, the spots of light have finite
sizes, and the distance must be comput-
ed from the distribution of light along
each array; e.g., by taking weighted
moments of the distribution.

Because all six arrays of photodetec-
tors in a unit measure essentially identi-

NASA Tech Briefs, November 1994



Wind Factor

Aerodynamics

Operator Input

Gear Ratio

Surface Condition

Greater speed at less cost. That's the edge you expect
from your realtime computer simulations. But too often
you're stuck in the back of the pack — boxed in by
expensive equipment, specialized expertise, and suspect

simulation results.
Not any more.

ACSL Realtime gives you the breakaway solution:

* Power for the most intensive applications.

e Simplicity for those rapid, one-off models.

® Leadership price/performance, right from the start.
* Highly-tuned architecture for PC and UNIX systems.

* Investment protection for your realtime models.

Why ACSL Realtime? It's an extension of the proven
industry-standard language, with a comprehensive fea-
ture set for complete simulation development, verifica-
tion, experimentation, and analysis. Advanced GUI
interface for rapid development. Fast /0 boards for
maximum flexibility. And support from MGA Software --

the acknowledged simulation experts.
Take ACSL Realtime out for a test run.

For a Free Demo Disk, fill out the request card or call
1-800-647-2275 and experience the leading edge in

realtime simulation software.
See us at Autofact

Booth #1359

SOFTWARE

For More Information Write In No. 566



cal distributions of light in this operating
mode, each provides redundant infor-
mation that can be averaged to increase
accuracy or used to verify the operation
of the others. Thus, a malfunctioning
photodetector can be identified, and its
output ignored or replaced by an inter-
polated value.

Referring again to Figure 1, suppose
that the laser diode in one sensor unit
(only) is turned on. Then spots of light
reflected from the target are also formed
on the arrays of photodetectors in the
neighboring units, and this makes possi-
ble another mode of operation. The dis-
tributions of light along the arrays of the
neighboring units are also related to the
distance of the target, though of course
the relationship is more complicated
than in the self-illuminating unit. Thus,
the neighboring units provide redundant
data that can be averaged in to increase
the accuracy of the estimated distance
or to continue operation in the presence
of faulty sensor components.

In still another mode of operation,
three contiguous units (the central unit
and two adjacent units on the periphery)
can be grouped together into an orien-
tation-measurement unit (OMU). De-
pending on the selection of peripheral
units, six different OMU’s can be thus
defined. The orientation of the target

Conical Laser

Photodetector  Linear Array of

Mirror Diode Lens 2

o

Lens 1

Target S|

A %7
Z

Figure 2. Each Sensor Unit includes a source of light and arrays of photodetectors that
measure spots of light reflected from the target. The optical components are sized and
shaped to obtain an optimum tradeoff among distance sensitivity, range, return of light to
the photodetectors, and compactness. In the mode of operation shown here in greatly
simplified form, the distance of the target is determined from the position, along any or all
arrays of photodetectors, of the spot of light reflected from the target.

surface can be computed straightfor-
wardly from the distance measurements
of the three sensor units in the OMU. If
the orientations determined from two
OMU’s are different, then the surface is
curved, and/or there is a corner some-
where between the units. In either case,
an average or coarse-grained curvature
can be computed from the differences

between the orientations determined by
selected pairs of OMU's.

This work was done by Sukhan Lee
of Caltech and Hernsoo Hahn of the
University of Southern California for
NASA’s Jet Propulsion Laboratory.
For further information, write in 69 on
the TSP Request Card.
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Get back to the business of

problem solving

NAG software products enable you to spend your time and talents on genuine problem solving, not software development. Over 280 experts,
recognized worldwide as the leaders in their fields, create the solutions in NAG’s software. With 23 years experience in crafting state-of-the-
art software, the robustness, performance and functionality of NAG software are unmatched. Benefit from NAG’s expertise by using any of

these quality products, today!

NAG Fortran Library

With nearly 1200 user-level routines available, the NAG Fortran Library is the
largest, most comprehensive commercial numerical library in the world! Routines
included; all BLAS, optimization, ODEs, PDEs, quadrature, special functions, OR,
analysis of variance, regression, FFTs, curve and surface fitting and much more!
Top performance on over 40 platforms, from PCs to Supercomputers. Let NAG
help you reduce development and porting time, and increase accuracy and
performance. Call us today!

NAG Fortran 90 Compiler

NAG produced the world's first Fortran 90 compiler in 1991. With thousands of
users, it is still the leader in quality and robustness. Conforming to both the ISO
and ANSI standards for Fortran 90, NAG Fortran 90 lets you maintain your
investment in Fortran 77, while benefiting from modern trends in language design.
So take advantage of array operations, pointers, dynamically allocatable storage,
derived types, data structures, modules and many, many new features, today!

NUMERICAL ALGORITHMS GROUP, Inc.

NAG C Library

For users who prefer using the C language for writing their modeling, simulations,
and analysis, the NAG C Library offers the same numerical capabilities of our
Fortran Libraries. For everything from the BLAS, ODEs, optimization,
integration, FFTs, OR, time series, filtering and much more! Decrease development
time, increase your accuracy and confidence in your results! No license manager
to slow you down. Source code is available.

NAG 190 Library

From the folks who brought you the world’s first Fortran 90 Compiler, comes
NAG f190. NAG fi90 is the world’s first numerical procedure library and provides
a comprehensive suite of software for scientific computation in Fortran 90. NAG
/190 has been designed from the outset to capitalize on the increased functionality,
power and simplicity of Fortran 90 - the new Fortran standard.

®
email: naginfo@nag.com

NAG Inc, 1400 Opus Place, Suite 200, Downers Grove, IL 60515-5702, USA, Tel: +1 708 971 2337 Fax: +1 708 971 2706
NAG L, Wilkinson House, Jordan Hill Road, OXFORD, OX2 8DR, UK, Tel: +44 865 511245 Fax: +44 865 310139
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Satellite Multicarrier Demodulation System
This system would convert frequency-multiplexed uplink signals to time-multiplexed downlink signals.
Lewis Research Center, Cleveland, Ohio

A proposed onboard signal process-
ing system for future communications
satellites would perform real-time con-
version of multiple uplink (received) sig-
nals in single-channel-per-carrier, fre-
quency-division-multiple-access
(SCPC/FDMA) format to downlink
(transmitted) signals in time-division-
multiplexed (TDM) format. This particu-

because it enhances the use of the allo-
cated spectrum and reduces the
required effective isotropic radiated
power at both the transponder (satellite)
and Earth stations. In addition, the
equipment needed to implement this
scheme can be less complex and less
expensive than that needed for time-
division-multiple-access (TDMA) for-
mats. More economical future satellite

lar conversion approach was chosen

.D RAPID PROTOTYPING e
REVERSE ENGINEERING e
MODELING « ANIMATION

SAC’s New GP-12 3-D DiGimizer

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

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

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

SEE How THE GP-12 CAN PUT YOU INTO THE WORLD OF 3-D. CALL TODAY.

ACCESSORIES
CORPORATION
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2 Research Drive, P.0. Box 825
Shelton, CT 06484
(203) 925-1661 Fax (203) 929-9636

communication systems would be
made possible through the use of many
small-capacity (64kb/s increments) mul-
tiservice Earth terminals.

The proposed system (see figure)
includes a multicarrier demodulator, a
baseband switch matrix, a TDM muilti-
plexer, and an output modulator.
Signals would be sampled by an ana-
log-to-digital converter, then processed
digitally using algorithms with data-
dependent and data-independent com-
ponents. The data-independent com-
ponents would be effected in a parallel
processing scheme; the data-depen-
dent components would be effected in
a pipeline processing scheme.

The key subsystem is the multicarrier
demodulator, which contains a trans-
multiplexer that separates the FDMA
signals into individual channels. The
transmultiplexer would be followed by
demodulators that would recover the
modulation data for each channel. Both
the transmultiplexer and the demodula-
tors would be digital signal-processing
subsystems that could be programmed
with instructions sent from an Earth sta-
tion. Each of several multicarrier
demodulators in an operational system
would be capable of real-time process-
ing of data at a rate of 64kb/s from
each of 800 FDMA channels spaced 45
kHz apart (total bandwidth 36 MHz).
The multicarrier demodulator has been
designed, simulated, and partitioned
into a set of application specific inte-
grated circuit designs to evaluate the
concept